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A new insight into the fabella at knee:
the foetal development and evolution

Z.W. Jin', S. Shibata?, H. Abe3, Y. Jin!, X.W. Li', G. Murakami#*

"Department of Anatomy, Histology and Embryology, Yanbian University Medical College, Yanji, China
2Department of Maxillofacial Anatomy, Graduate School of Tokyo Medical and Dental University, Tokyo, Japan
3Department of Anatomy, Akita University School of Medicine, Akita, Japan

“Division of Internal Medicine, Iwamizawa Asuka Hospital, Iwvamizawa, Japan

[Received: 21 June 2016; Accepted: 9 August 2016]

Using longitudinal semiserial sections of 12 lower extremities from 8 human
foetuses at 15-18 weeks, we compared foetal morphologies of the knee in
specimens with and without fabellae. We also compared the fabella, if present,
with the hallucal sesamoid in the same foetus. Cartilaginous fabella, positive for
versican and tenascin by immunohistochemistry, was found in 5 of the 8 foetuses.
This structure was embedded in a thick and tight lateral fibrous band, providing
a common origin of the plantaris muscle and the lateral head of the gastrocnemius
muscle. The plantaris was covered by the lateral head of the gastrocnemius, but
these 2 muscles were separated by a distinct fascia or space. Notably, the foetal
fabella did not attach to the joint capsule. In the 3 specimens without fabellae,
the lateral fibrous band was thin, containing a fibrous mass, negative for versican
and tenascin, in place of the fabella. The “medial” head of the gastrocnemius
faced or covered the plantaris, while the lateral head was continuous with the
plantaris. A hallucal cartilaginous sesamoid, positive for versican and tenascin, was
present in all 8 specimens. It carried a flat surface facing the joint cavity and was
covered by tendons of the short muscles of the foot. Because of the difference
in topographical relation of muscles between specimens with or without fabella,
rather than mechanical stress to the tendon, fabella development may require
a distinct plantaris muscle independent of the gastrocnemius. We discussed about
an evolutionary aspect of the fabella and plantaris muscle. (Folia Morphol 2017;
76, 1: 87-93)

Key words: fabella, knee, hallucal sesamoid, metatarsophalangeal joint,
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INTRODUCTION

The fabella is a sesamoid bone present at the ten-
dinous origin of the lateral head of the gastrocnemius
muscle. The incidence and bony nature of fabellae in
human adults has been found to vary, with studies
showing incidence rates of 66.6% (44% bony) [8];
23.5% (72% bony) [13]; 86.9% (56% bony) [24]; and
31% (100% bony) [3]. Almost half of fabellae carry

afacet for articulation to the lateral femoral condyle [3].
A bony, but not an elastic-textured, fabella has
been found to correlate with thickening of the fabel-
lofibular ligament to strengthen the posterolateral
corner of the knee [11]. The fabella has also been
associated with pathologic conditions, causing pain
[15] and/or osteoarthritis [14, 19]. Overall, the adult
morphology of the fabella seems not to be stable.
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The sesamoid bone is generally thought to be
formed by a compressive load on the tendon [2, 16].
The establishment in foetuses of the muscle belly,
including the tendinous origin of the gastrocnemius,
may be followed by the appearance of the cartilagi-
nous fabella, depending on the activities of muscles
that move the knee and ankle. This developmental
sequence is quite different from those of the carti-
laginous femur, tibia and fibula, in that they start to
develop earlier than their associated muscles, tendons
and ligaments [6, 9]. Moreover, in adults, the fabella
is sometimes or often absent and, even if present, it
often fails to contact to the knee joint (see above). In
contrast, a sesamoid bone facing the joint cavity is al-
ways present at the plantar and medial aspects of the
first or hallucal metatarsophalangeal joint [22, 23].

Consequently, with an aid of immunohistochemi-
cal assays of matrix proteins, we compared foetal
morphologies of the knee in specimens with and
without fabella. Even when the fabella is absent, the
matrix may suggest an anlage undetectable with rou-
tine staining. Whether the fabella is present or absent
may depend on a difference in the muscle anatomy
surrounding it because mechanical loading from the
muscles seems to be critically important for devel-
opment. To show typical staining of matrix, we also
examined the hallucal sesamoid in the same foetus.

MATERIALS AND METHODS

The study was performed in accordance with
the provisions of the 1995 Declaration of Helsinki,
as revised in 2013. Our previous study on postero-
lateral fibrous bands of the knee showed that the
fabella starts to appear at gestational age 15 weeks
[12]. Similarly, the hallucal sesamoid also appears to
develop at 14-16 weeks [20]. Therefore, we chose
midterm foetuses for the present materials.

Longitudinal semiserial sections were obtained
from 12 knees and toes of 8 mid-term human foetuses
of gestational age 15-18 weeks (crown-rump length,
115-155 mm), including 2 foetuses each of gesta-
tional ages 15 and 16 weeks and 4 of gestational age
18 weeks. These foetuses were parts of a collection
maintained in the Department of Anatomy of Akita
University, Akita, Japan. They had been donated to the
Department by their families during 1975-1985, fixed
by immersion in 10% v/v neutral formalin solution and
stored in 50-70% v/v ethanol solution for more than
30 years. The available data were limited to the date
of donation and the number of gestational weeks.
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Family names, names of obstetricians or hospitals
and the reasons for abortion were unavailable. Their
use for research was approved by the Akita University
Ethics Committee (No. 1428).

After dividing the body into parts, the lower ex-
tremities were decalcified by incubating in 0.5-mol/L
EDTA (pH 7.5) solution (Decalcifying Solution B; Wako,
Tokyo, Japan) at 4°C for 3-5 days, depending on the
size of the sample. Twelve paraffin blocks, each of
which contained the knee, leg and foot, were prepared
from the 8 mid-term foetuses. Each block was used
to prepare 80-120 semiserial sections covering the
entire knee and toe; each section was 5 microns thick
with an interval between sections of 20-50 microns.
Every fifth section was stained with haematoxylin and
eosin (HE), while the other four sections were used for
immunohistochemistry. Sections were pretreated with
testicular hyaluronidase (25 mg/mL; Sigma type I-S;
Sigma Chemicals, St. Louis, MO, USA) in phosphate-
buffered saline for 30 min at 37°C (Shibata et al. 2003),
followed by incubation with the primary antibodies,
mouse monoclonal anti-versican core protein (12C5)
(Developmental Studies Hybridoma Bank, diluted 1:25)
and rabbit polyclonal anti-rat tenascin-c (Chemicon,
Temecula, CA, USA; diluted 1:100) overnight at 4°C.
The samples were subsequently incubated with sec-
ondary antibody for 30 min, followed by incubation
for 30 min in Histofine Simple Stain Max-PO (Nichirei,
Tokyo, Japan) for the diaminobenzidine (DAB) reaction
with horseradish peroxidase (HRP). Sections were coun-
terstained with haematoxylin. Samples were observed
and photographed with a Nikon Eclipse 80 microscope.

Versican and tenascin-c are markers of chondro-
genesis [18], as well as being present at the foetal
cartilage-tendon interface under tensile stress [10].
Endochondral ossification occurs in a versican-rich
matrix, while perichondral ossification occurs in
tenascin-positive fibrous tissues [7]. Antibodies to
these two proteins may therefore be associated with
the development of fabella.

RESULTS
Differences in morphologies of muscles and asso-
ciated connective tissues were observed in specimens
with and without fabella. The following sections de-
scribe the morphologies of the two types of specimen.

HE-stained sections of cartilaginous fabellae

Oval, cartilaginous fabellae (maximum diameter
0.2-0.3 mm) were observed in 5 of the 8 foetuses and



Z.W. Jin et al., Foetal fabella and hallucal sesamoid

e tenascin -
PL 2 G

PL versican L

9 of the 12 knees. Fabellae were present bilaterally
in 4 foetuses and unilaterally in the fifth (Figs. 1, 2).
Each fabella was embedded in a thick, tight and long
fibrous band, called a lateral fibrous band in this
study, connecting the lateral head of the gastrocne-
mius muscle to the lateral condyle of the femur (Figs.
1B, C; 2A). The plantaris muscle fibres were found to
originate from the posterolateral aspect of the lateral
fibrous band without interposition of any short ten-
dons (Fig. 1B). The fibrous band was attached tightly
to the joint capsule on the proximal side of the lateral
meniscus. The lateral head of the gastrocnemius cov-
ered almost the entire posterior aspect of the plantaris
muscle belly from the posterior side (Fig. 2A-C). At
the inferior end, the plantaris muscle was separated
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Figure 1. Plantaris and gastrocnemius mus-
cles with or without a fabella (lateral part).
The figure shows haematoxylin and eosin
(HE)-stained longitudinal sections of two
specimens of gestational age 15 weeks, one
with (A-F) and the other without (G-L)
a fabella. Panels D and J are higher magni-
fications view of areas in panels C and |,
respectively, that included the plantaris
muscle. Panels E and K show immunohis-
tochemical staining for tenascin-c, while
panels F and L show immunohistochemi-
cal staining for versican; with all showing
sections near panels C and |, respectively.
Intervals between panels are 0.7 mm (A-B),
0.4 mm (B-C, G-H) and 0.6 mm (H-I). In all
panels, arrows indicate the lateral fibrous
band for origins of the gastrocnemius and
plantaris muscles. In panels A and G, the
biceps tendon (BT) is inserted to the fibula
and the common peroneal nerve (CPN)
reaches the fibularis longus muscle (FL).
In panels B and H, the plantaris muscle
(PL) appears along the lateral fibrous band.
Panels C and | show a notch (arrowhead) on
* the gastrocnemius lateral head (GL) for the
common peroneal nerve. Panels C—F show
a cartilaginous fabella, while panels I-L show
a dense fibrous mass (star). Panels A—C and
G-I were prepared at the same magnifica-
tion, as were panels D-F and J-L. Scale
bars: 1 mm in panel A; 0.1 mm in panel D.
* BF — biceps femoris muscle; F — femur;
FI — fibula; SO — soleus muscle; T—
tibia; VL — vastus lateralis muscle.

from the lateral head of the gastrocnemius muscle
by a distinct space or fascia (Fig. 2A-D).

The common peroneal nerve was attached to the
lateral head of the gastrocnemius muscle and pro-
vided a deep notch on the muscle belly. The plantaris
tendon crossed the lateral side of the tibialis nerve
and extended inferiorly between the soleus and gas-
trocnemius muscles. The fabella was located close to
the joint capsule, but was not exposed to the joint
cavity. A thin ligamentous structure originated from
the fabella and extended medially on the immediately
posterosuperior side of the popliteus muscle (Fig.
2C-E). A similar ligament appeared to be present in
specimens without fabella (see below). In addition,
the origin of the medial head of the gastrocnemius
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muscle was not tendinous but composed of a small
mass of muscle fibres.

HE-stained sections without fabellae

The remaining 3 knees of 3 foetuses lacked fabella;
in these knees, the lateral fibrous band was thin but
present (Fig. 1). The band contained a fibrous mass
instead of a fabella (Fig. 11) and was attached to
the joint capsule on the proximal side of the lateral
meniscus. The lateral fibrous band remained as
a thick fascia along the anterior aspect of the plantaris
muscle (Fig. 2) and continued to a thin ligamentous
structure running medially (Fig. 2H, 1). The origin of
the plantaris muscle had the similar morphology as in
specimens with fabellae. Notably, the “medial” head
of the gastrocnemius muscle in specimens without
fabella faced or covered the plantaris muscle from the
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Figure 2. Plantaris and gastrocnemius mus-
cles with or without a fabella (medial part).
Continuation of Figure 1. Panel A is 0.6 mm
medial to Figure 1C, while panel F is 0.4 mm
medial to Figure 11. Intervals between
panels are 0.5 mm (A-B), 0.2 mm (B-C),
0.3 mm (C-D, D-E), 0.6 mm (F-G), 0.4 mm
(G—-H), and 0.2 mm (H-I). Panels A-E show
a specimen with a fabella, while panels F-I
show a specimen without a fabella. In all
panels, short arrows indicate a thin ligamen-
tous structure originating from the fabella or
fibrous mass and extending medially. Panels
A-D show the gastrocnemius lateral head
(GL) covering the plantaris muscle (PL), with
the lateral head separated from the plantaris
by a fascia or space (triangles). Panels F-H
show the medial head (GM) facing or cov-
ering the plantaris, with the lateral head

and plantaris muscles continuous at a site
sandwiched by long arrows in panels F-H.
Panels E and | show the plantaris tendon
(PLT) and tibial nerve (TN). All panels were
prepared at the same magnification (scale
bar: 1 mm in panel A); BF — biceps femoris
muscle; CPN — common peroneal nerve;

F — femur; FI — fibula; PO — popliteus
muscle; SO — soleus muscle; T — tibia;

TP — tibialis posterior muscle.

posterior aspect (Fig. 2G, H). Moreover, at the inferior
end, the plantaris muscle was continuous with the
gastrocnemius lateral head (Figs. 11, 2F, G). Therefore,
the gastrocnemius medial head in these samples ap-
peared to extend more laterally than specimens with
fabella, while the lateral head and plantaris provided
a single slender muscle belly. As in specimens with
fabella, the plantaris tendon crossed the lateral side
of the tibialis nerve and extended inferiorly. A deep
notch by the common peroneal nerve was seen on
the muscle belly of the gastrocnemius.

HE-stained sections that included the hallucal
sesamoid

The cartilaginous hallucal sesamoid was presentin all
specimens (Fig. 3). Each had a flat dorsal surface facing
the joint cavity as well as an oval shape on the plantar
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Figure 3. Foetal sesamoid at the first metatarsophalangeal joint.

A toe from the 15 week old specimen illustrated in Figure 1. Panels
A-F, and Figure 2, Panels A-E, was sectioned longitudinally. Panels
B and C, which show immunohistochemical staining with antibod-
ies to tenascin-c and versican, respectively, are higher magnifica-
tion views of the first metatarsal bone (MTB-1) and sesamoid (star)
shown in panel A (HE staining). Panel A shows the insertion of the
flexor halluces brevis muscle (FHB) into the sesamoid; insertion

of the adductor halluces muscle (ADH) into the sesamoid was ob-
served in sections 0.3 mm lateral to panel A. Tenascin-c tended to
be positive in a joint surface of the sesamoid (arrows in panel B),
while versican was positive in a tendon insertion (arrowheads in
panel C). Scale bars: 1 mm in panel A; 0.1 mm in panels B and C;
FHLT — tendon of the flexor halluces longus muscle.

side. A tight fibrous band, or primitive plantar collateral
ligament, was found to originate from the oval cartilage
mass and to be attached to the base of the proximal
phalanx or to the head of the first metatarsal. Tendons of
the adductor halluces and flexor halluces brevis muscles
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were connected to the sesamoid cartilage. The thick
tendon of the flexor halluces longus muscle was located
close to the plantar side of the sesamoid cartilage.

Immunohistochemistry of the fabella
and hallucal sesamoid

Immunoreactivity of antibodies to versican and
tenascin-c was generally weak. In the knee, the de-
veloping fabella was positive for both tenascin-c and
versican (Fig. 1E, F). However, the foetal lateral fibrous
band in specimens without fabella was negative for
both (Fig. 1K, L). In the foot, versican reactivity was
seen in the tendon insertion of the adductor halluces
and flexor halluces brevis muscles into the first meta-
tarsal bone, while the joint surface of the sesamoid
was positive for tenascin-c (Fig. 3B, Q).

DISCUSSION AND CONCLUSIONS

The foetal fabella developed in a thick fibrous
tissue attaching tightly to the joint capsule, i.e., the
lateral fibrous band in this study. Because the plantaris
muscle originated from the lateral fibrous band, the
fabella appeared to be embedded in the plantaris
muscle origin rather than that of the lateral head of
the gastrocnemius. Actually, in midterm foetuses,
the plantaris muscle was almost thick as the lateral
head. However, the lateral fibrous band could con-
nect between the gastrocnemius lateral head and
the lateral condyle of the femur. Thus, depending on
much increased thickness and length of the lateral
head in contrast to the plantaris possibly keeping its
small size, the lateral fibrous band seemed to be later
involved in the gastrocnemius origin. In other words,
the lateral head origin would steal the fabella from
the plantaris origin to provide a facet for acceptance
of a mechanical stress from the strong lateral head. In
this context, a question arose: do some animals carry
a fabella embedded in the plantaris origin in adults?

Seebacher et al. [17] hypothesized that evolutionary
development of the fabella and fabellofibular ligament
occurs in combination with a change from quadru-
pedal to bipedal posture. Compared to a quadrupedal
posture, a bipedal posture requires more stability and
less rotation of the knee. Human knees, while more
stable, are therefore less flexible than those of quadru-
peds. The fabella and fabellofibular ligament are found
to be best developed in the kangaroo, in that jumping
requires great stability during forceful extension of
the knee [14]. In kangaroos, the well-developed plan-
taris muscle originates from the fabella and provides
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superficial tendons for fingers, which play a role cor-
responding to the flexor digitorum superficialis in the
forearm [21]. Since the plantaris muscle in the lower
extremities of humans may be undergoing a process
of retrogression, this muscle has often been compared
with the palmaris longus muscle in the forearm [5].
However, the comparative anatomy has regarded the
plantaris as a finger flexor.

This study showed that foetal topographical anat-
omy of the plantaris and two heads of the gastroc-
nemius muscle differed in foetal specimens with and
without cartilaginous fabellae. Development of a carti-
laginous fabella was observed when the gastrocnemius
lateral head and plantaris were completely separated,
but not when the two muscles formed a single belly.
In the latter situation, the gastrocnemius medial head
became thicker and extended more laterally than the
slender plantaris-lateral head complex. As the lateral
fibrous band without fabella was negative for both
tenascin-c and versican (i.e., no anlage), it seemed to
be unable to develop cartilage. In general, develop-
ment of sesamoids is mediated epigenetically by local
mechanical forces associated with skeletal geometry,
posture, and muscular activity [16]. However, devel-
opment of the fabella, in combination with a distinct
plantaris as an independent flexor muscle, may be
genetically determined. In contrast to the human fa-
bella and plantaris, which seems to be in regression,
animals with a long, thick and independent plantaris
are likely to carry a distinct fabella with facet. Con-
versely, a human fabella with facet provides a good
adaptation to the gastrocnemius much stronger than
the plantaris. Human evolution may divert the fabella
from the plantaris to the gastrocnemius.

Fibrocartilage is found most often within tendons
that wrap around bony pulleys, as well as on the surface
of the pulley in contact with the tendon [1]. A fibro-
cartilage enthesis, a junction zone at the attachment
of tendons to long bones, serves to protect tendons
against wear and tear, with gradations in microstructure
observed in bone, metaplastic fibrocartilage, and ten-
don fibrocartilage [2]. This basic concept of an enthesis
was applicable to the hallucal sesamoid. However, in
spite of matrix expressions similar to the hallucal sesa-
moid, foetal fabellae did not face to the joint cavity in
the present specimens. Why did they show no contact?
In adults, almost half of fabellae do not carry a facet
for articulation to the lateral femoral condyle [3]. Thus,
also in foetuses, there were likely to be two types of
fabellae: 1) a real sesamoid facing the joint cavity and
2) a false sesamoid without facet. Indeed, because of lim-
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Figure 4. A summary of the present results and discussion. A close
topographical relation between the fabella (blue colour) and plantaris
muscle (PL) is emphasized in this figure. The fabella develops in the
anterior side of the plantaris muscle when the muscle was clearly
separated from the lateral head of the gastrocnemius (GL, panel A).
However, the initial fabella does not face to the joint cavity (B). The
fabella may be later involved into the gastrocnemius origin (A, ar-
row). Foetuses with the plantaris continuous with the lateral head
does not contain the fabella (C). In comparative anatomy, rather than
the gastrocnemius, the fabella is associated with a well-developed
plantaris acting foot fingers (D); GM — gastrocnemius medial head.

ited numbers of specimens, we might incidentally find
the second type only. However, Eyal et al. [4] reported
a real migration of the sesamoid: in mouse embryos,
the patella originates from the femur and secondarily
migrates into the quadriceps tendon. Therefore, we did
not deny a possibility that, during the later development
in which we hypothesized an involvement of the lateral
fibrous band into the gastrocnemius origin (see the first
paragraph of the ‘Discussion’), the fabella could move
to the joint cavity. The present results and discussions
are schematically shown in Figure 4.
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