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The morphological features of the mediopatellar and lateral folds
of the developing knee joint: a fetus cadaveric study
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Objectives: The aim of the study was to evaluate the morphological features of the mediopatel-
lar and lateral folds in fetal knees in the absence of any exposure to certain stress factors such as
exercise or trauma.

Methods: The study was performed in the knee joints of 15 fetuses (6 males, 9 females) obtained
as spontaneous abortion material at 20-34 weeks of gestation. The mediopatellar and lateral folds
of the fetuses were classified into eight subgroups according to the following morphological fea-
tures: A- Absence of folds; B- Short vertical band; C- Long vertical band; D- Narrow horizontal
band; E- Broad horizontal band; F- Horizontal band accompanied by a vertical band; G- Horizon-
tal band without a vertical band; H- Fenestrated band.

Results: The synovial membrane, covering the infrapatellar fat pad and forming the alar folds,
extended upwards and formed the medial and lateral horizontal folds that covered the inferior
part of the posterior aspect of the patella. These horizontal folds were thicker in the lower parts
(close to their insertions) and became thinner towards the free ends. The horizontal band of the
mediopatellar fold was observed in all cases, with an accompanying vertical band in 76.7% of the
cases. A horizontally located lateral fold was absent in both knees of one fetus. The frequency of
a horizontally located lateral fold was 93.3% and a vertical fold was accompanying in only 28.6%
of these cases. It is of note that the horizontal band of the mediopatellar fold observed in all speci-
mens has never been defined in previous classifications. In 10% of the knees, the vertically located
part of the mediopatellar fold presented as a large band extending upward and being squeezed
between the articular surface of the patella and the medial condyle of the femur. The lateral fold
was observed as a large band in 10% of the knees. Another observation was that the higher level
the vertical band of the mediopatellar and lateral folds began, the wider the horizontal band was,
occupying more place in the patellofemoral space. It was remarkable that the frequencies of the
vertically located parts of the lateral and mediopatellar folds in fetuses were higher than those
reported for the adults in the literature.

Conclusion: Our findings suggest that the resorption process of the mesenchymal tissue, par-
ticularly in the lateral part, continues until adulthood and causes age-dependent alterations in the
formation of intra-articular folds. The synovial folds occupy more space between the patella and
femur in the early stages of life than seen in adults. This may be a more frequent cause of unex-
plained knee pain in children than expected.
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Joint cavity formation begins in the eighth week of
gestation. Multiple small cavitations around the fem-
oral condyle and patella unite to form a single cavity
until the 10th week."! The mesenchymal tissue rem-
nants medial to the patellofemoral joint constitute the
mediopatellar fold (MF) while those lateral to it form
the lateral fold (LF). The synovial membrane that
lines the infrapatellar fat pad (Hoffa fat pad) (IPFP)
extends backward between the tibial and femoral con-
dyles, forming the alar folds.?*

Awareness of the variations in the morpho-
logical features of intra-articular synovial folds is
crucial during arthroscopy. Moreover, some of the
subgroups of these folds may cause susceptibility
to plica syndrome."*® Some of these folds in the
adult knee joint have been classified by several au-
thors.*®! However, there is not sufficient data in the
literature regarding the morphological features of
these folds in fetuses. We suggest that the resorp-
tion of the MF and LF might continue even in the
early periods of life (in infancy, childhood, and per-
haps adolescence) and these folds might reach their
adult dimensions after these periods. Thus, the MF
and LF might occupy more space within the knee
joint in the early periods of life compared to that
seen in adults. It has also been demonstrated that
some types of these folds may undergo morpho-
logical changes due to trauma and exercise during
adulthood.””'

We aimed to determine the morphological charac-
teristics of these folds in fetuses and to compare them
to those of adults reported in the literature. We also
investigated the frequency of the subtypes with large
folds that might be associated with knee pain in the
early period of life.

Materials and methods

This study was carried out in the knees of 15 fetuses
(6 males, 9 females) at 20-34 weeks of gestation.
All fetuses were of spontaneous abortion material
that had been submitted to the Pathology Labora-
tory of Medicine Faculty of Mersin University for
autopsy studies between 2000 and 2007. All dissec-
tions were made with a surgical microscope (Leica
M-651) in the Anatomy Department of Medicine
Faculty of Mersin University. After the removal of
the skin over the knee, a U-shaped incision was per-
formed starting at the medial aspect of the medial

epicondyle of the femur, passing the upper part of
the tibial tuberosity, and extending to the lateral as-
pect of the lateral epicondyle. The medial and lateral
patellar retinacula were carefully released. Then, the
patellar ligament and infrapatellar fold were dissect-
ed and the patella was pulled upwards. The folds on
both sides of the posterior aspect of the patella were
examined and photographed. The mediopatellar and
lateral folds were classified in eight subgroups as
follows (Table 1, Fig. 1, 2):

A- Absence of folds.

B- Short vertical band: vertically located synovial
fold beginning inferior to the upper border of the pa-
tella (Fig. 1).

C- Long vertical band: vertically located synovial
fold beginning superior to the upper border of the pa-
tella on the medial or lateral wall of the patellofemo-
ral joint (Fig. 1, 2a).

D- Narrow horizontal band: horizontally located
synovial fold covering only the inferior border of the
posterior surface of the patella (Fig. 1, 2b).
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Fig. 1. The reference lines used for the classification of the

mediopatellar and lateral folds. A: The upper border of
the patella; B: The lower border of the patella; C: The midline of
the patella; D: The midline of the distance between the lines B
and C; X1: Long vertical band; X2: Short vertical band; Y1: Broad
horizontal band; Y2: Narrow horizontal band.
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Fig. 2. Appearance of the right knee joint with the patella retracted upward. (a) A long vertical band of the lateral
fold (LF) and a short vertical band of the mediopatellar fold (MF) accompanied by a broad horizontal
band. (b) The MF and LF formed by only a horizontal band without any vertical band. H: Horizontal band;

AF: Alar fold; P: Patella; LC: Lateral condyle of the femur.

E- Broad horizontal band: horizontally located
synovial fold covering the inferior half of the me-
dial or lateral part of the posterior surface of the
patella (Fig. 1, 2a).

F- Horizontal band accompanied by a vertical
band: Horizontal fold with an accompanying vertical
fold as in B or C (Fig. 2a).

G- Horizontal band without a vertical band (Fig. 2b).
H- Fenestrated band: fold as seen in B or C with
hole(s) on it.
Results

The synovial membrane, covering the IPFP and
forming the alar folds, extended upwards and formed

the medial and lateral horizontal folds that covered
the inferior part of the posterior aspect of the patella.
These horizontal folds were thicker in the lower parts
(close to their insertions) and became thinner towards
the free ends.

The frequencies of the subgroups of the medio-
patellar and lateral folds are presented in Table 1.
The horizontal portion of the MF was observed in
all cases and a vertical fold was accompanying in
76.7% of the cases. A horizontally located LF was
absent in both knees of a case. The frequency of
a horizontally located LF was 93.3% and a verti-
cal fold was accompanying in only 28.6% of these
cases (Table 1).

Table 1
Frequencies of subtypes of the mediopatellar and lateral folds
Mediopatellar fold Lateral fold
Right Left Total % Total % Right Left Total % Total %

Absent 0 0 0 0 1 1 2 6.7
Short vertical band 9 11 20 66.7 76.7% 3 0 3 10.0 26.7+
Long vertical band 2 1 3 10.0 3 2 5 16.7
Narrow horizontal band 3 2 5 16.7 100+ 5 8 13 433 933+
Broad horizontal band 12 13 25 833 9 6 15 50.0
Horizontal band with

vertical band 11 12 23 76.7 6 2 8 28.6"
Horizontal band without

vertical band 4 3 7 233 8 12 20 714"
Fenestrated band 0 0 0 0 0 0 0 0
*Total percentage of the cases with a vertical band; **Total percentage of the cases with a horizontal band; “Percentage among the cases with a hori-
zontal band.
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Between the medial/lateral horizontal bands and
the patella, a pouch formation of varying depth was
observed. When a vertical band of the MF or LF ex-
isted, this was observed as the continuation of the
horizontal part. The pouches of the horizontal plicae
accompanied by a vertical band were deeper than
those without a vertical band.

Another observation was that the higher level the
vertical band of the MF or LF began, the wider the
horizontal band was, occupying more place in the
patellofemoral space.

The connection point of the medial and lateral
horizontal bands was always the point where the in-
frapatellar fold was attached to the IPFP.

Vertical parts of the MF in three cases and of the
LF in four cases presented as the continuation of the
suprapatellar fold.

Discussion

The mediopatellar fold, which is located close to
the medial femoral condyle, is also known as shelf
plica, plica synovialis mediopatellaris, medial sy-
novial shelf, Iino band, Aoki shelf, meniscus of the
patella, plica alaris elonga, or medial intra-articular
band.%8 Its frequency in adults has been reported as
39-47% 1167 The frequency of the LF which is located
close to the lateral femoral condyle has been reported
as 1-3%.1"13

In this study, the mediopatellar and lateral intra-
articular folds were classified according to their ver-
tical and horizontal parts and dimensions of these
parts (large or narrow band forms). Frequencies of
all types were also determined. Classifications of
the MF and LF in the literature include only the
vertical parts and no data exist about the horizontal
parts of these folds, in terms of definition, frequen-
cy, and dimension. We think that these horizontal
extensions between the femur and patella have been
neglected among other related formations (LF, MF,
IPFP, alar fold). We believe that the horizontal parts
of the MF and LF and their relation with the IPFP
and alar fold should be defined. The synovial mem-
brane surrounding the IPFP extends backwards
between the tibia and femoral condyles and forms
the alar folds.**'* We observed that the horizon-
tal parts of the MF and LF extended upwards from
the IPFP in the coronal plane between the patella

and femur, presenting as a continuous fold with the
vertical part of the MF and LF, if existed, or as a
separate synovial fold in this region in the absence
of a vertical part.

Multiple trauma of the condyle (even of minor
type), repetitive flexion and extension, or direct con-
tusion may lead to inflammation and thickening of
the fold. Thickening of the fold may cause local ir-
ritation or erosion of the hyalin cartilage lining the
condyle, which may in turn result in plica syndrome
(medial synovial shelf syndrome).812:15]

Plica syndrome in adults has been rarely reported
in the literature; however, Ege et al.l' reported that
13 (20%) of 64 adult cases (mean age 42.7 years)
undergoing knee arthroscopy had pathologic plicae.
In arthroscopic examination of pre-adolescent cases
(<13 years), Faraj et al.'”! reported symptomatic plica
syndrome in the first place with a rate of 35% (8/23
cases). Symptomatic plica synovialis was detected
as the second most frequent pathology by Sarpel et
al."® with a frequency of 8% in pre-adolescent cases.
The authors suggested that, despite being an anatomi-
cal component, the plica in the knee joint might be a
cause of anterior knee pain in children." However,
both studies lacked distinctive data about the relation
between the pain and localizations and dimensions of
the plicae.

We think that our classification system will fa-
cilitate the definition and delineation of MF and LF
variations. For instance, the case of Calpur et al.['3]
defined as “united, unresorbed medial and lateral
folds” may be re-defined as “a case with broad
bands of the horizontal and vertical parts of both
MF and LF”.

Boven et al.'! found that 16% of the cases had
such a large MF as to cause plica syndrome. In our
study, 10% of the MFs and 17% of the LFs had
large vertical parts that were in contact with the
articular surface of the patellofemoral joint. These
cases were thought to be susceptible to plica syn-
drome. Moreover, in 45% of the cases, the hori-
zontal bands were so large that they covered the
lower half of the posterior surface of the patella
completely, which might result in squeeze between
the femur and patella.

We did not encounter any fenestrated or detached
fold neither in the MF nor in the LF, which was de-
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fined as type D by Sakakibara and was associated
with plica syndrome in 4.4% of the cases (cited by
ITeda et al.'"). We speculate that a plica which is large
and has no initial fenestra may become fenestrated
due to resorption and, in addition, to friction and
squeeze as the child begins to walk.

Ogata and Uhthoff!" reported a frequency of 33%
for MF in fetuses and stated that once they occurred,
these plicae never disappeared with age. In the same
study, they observed that the mesenchymal tissue in
the lateral part of the patella was less than that on
the superomedial side, and claimed that this might be
due to the lateral transport of the quadriceps tendon
and suprapatellar bursa during the developmental
period."! No study was encountered in the literature
regarding the completion of MF and LF resorption.
However, two studies mentioned about the resorption
process of the suprapatellar fold, which is the other
remnant of mesenchymal tissue, during the develop-
ment of the knee joint. Giilman et al.'"® compared
their findings from 50 neonatal cadavers concerning
the suprapatellar fold with those of adults reported in
the literature and concluded that the resorption of the
suprapatellar fold continued during the postnatal pe-
riod. Zidorn™ claimed that mechanical factors such
as pressure and friction were associated with changes
in the suprapatellar fold. We think that this resorption
process is also effective for the MF and LF, which are
the other remnants of the same mesenchymal tissue
in the knee joint. This concept is supported by our
study when the data on the presence and dimension
of the folds are compared with the morphologic data
of adults. The LF (vertical part only) was observed
as a broad band in 16.7% of the cases in our study,
which has been reported as 1-3% for adults.'* This
difference can be explained in two ways: (i) the mes-
enchymal tissue resorption which begins in the intra-
uterine period continues in infancy, childhood, and
perhaps in the adolescence period particularly in the
lateral part of the knee joint; and/or (ii) the develop-
ment of the surrounding structures such as the distal
end of the femur and the quadriceps mechanism may
cause changes in the synovial membrane and related
mesenchymal structures. These changes, in turn, may
lead to gradual disappearance of the less prominent
subgroups of LF with age.

In conclusion, our findings show that the folds of
the knee joint in fetuses occupy more place than ob-

served in adults. The duration of fold resorption is not
clear, but possibly these folds occupy more place in
the early childhood compared to adults. This may be
a more frequent cause of knee pain in children. Eval-
uation of clinical data in various age groups would
throw more light on the clinical implications of our
morphological results.
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