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Abstract: Previous studies of midterm fetuses indicated that a cartilaginous fabella appeared to be embedded in the plantaris
(PL), and was fused with the gastrocnemius lateral head (GL). We re-examined the topographical anatomy of the fabella or
its analogue (a tight fibrous mass) originating in the GL and/or PL by evaluating histological sections of the unilateral knees
of 15 late-term fetuses. Regardless of whether the cartilaginous fabella was present (6 fetuses) or absent (9 fetuses), the origins
of the PL and GL muscles each had three parts. In each fetus, the fabella or its analogue was embedded in a thick common
tendinous origin of the GL and PL. PL1 (whose origin is similar to that of the adult PL) originated from the femoral condyle
immediately above the common tendon; PL2 originated from the posteromedial aspect of the fabella or its analogue; and PL3
originated from the inferior aspect of the fabella or its analogue. The muscle fibers of PL1, PL2, and PL3 joined to provide
a thick plantaris. GL1 (which is adjacent to PL2) originated from the common tendon in the superior side of the fabella
or its analogue and GL2 originated from the inferior side of the fabella or its analogue. GL1 and GL2 joined to provide a
thick bundle, whereas GL3 (located far below the fabella or its analogue) originated from the posterior surface aponeurosis.
Therefore, drastic reconstruction at these muscle origins was necessary during development. Due to the strong mechanical
stress from the GL and the space-occupying effect of the muscle, we hypothesize that PL2 and PL3 are degraded or absorbed
into the GL1 and GL2 during the postnatal period, so that the remaining PL1 was likely the remaining PL in adults.
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Introduction

Previous examination of the histological sections of mid-
term fetuses with or without fabellas showed that the fetal
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Jeonju 54907, Korea fibrous mass) was embedded in the origin of the PL rather
E-mail: go7kk@hanmail.net than the GL [1]. The position of this analogue is identical to

that of the cartilaginous fabella, but they differ in immuno-
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Fetal development of the fabella

reactivity. These findings, and consideration of adult mor-
phology, indicated the fetal fabella moved from the origin of
the PL to that of the GL. Therefore, the morphology of the
GL and PL are different in fetuses and adults, especially at
their origins. Other studies also reported differences in fetal
and adult muscle morphology in the forearm [2], elbow [3],
and posterior thigh [4]. However, our previous hypothesis
proposed a drastic reconstruction of muscle origins from the
lateral condyle of the femur.

Consequently, we examined late-term fetuses in the pres-
ent study to determine whether the fabella is present at the
origin of the PL or GL. We hypothesized that the morphol-
ogy of the fabella and related muscles of late-term fetuses
would be transient, and intermediate between the morphol-
ogy of midterm fetuses and adults.

Materials and Methods

The study was performed in accordance with the provi-
sions of the 1995 Declaration of Helsinki, as revised in 2013.
Sagittal and longitudinal histological sections of the knees
of 15 late-term human fetuses (gestational age [GA]: 28-37
weeks; crown-rump length [CRL]: 228-310 mm) were pre-
pared. These fetuses, which were in a collection at the De-
partment of Anatomy, Akita University (Japan) were donated
by their families from 1975 to 1985 and preserved in 10% w/w
neutral formalin solution for more than 30 years. Informa-
tion was available on the date of donation and GA, but not
on family name, name of the obstetrician or hospital, and
the reason for abortion. The use of these samples for research
was approved by the Akita University Ethics Committee (no.
1378).

After separating each unilateral knee from the body, the
specimens were incubated at room temperature in Plank-
Rychlo solution (AICL,/6-H,0, 7.0% w/v; HCL, 3.6% w/v;
HCOOH, 4.6% w/v) for 1 to 2 weeks. The specimens were
then embedded in paraffin using routine procedures, and
semi-serial sagittal sections (0.1-0.2 mm intervals) were pre-
pared, depending on the size of the specimen. All tissue sec-
tions were stained with hematoxylin and eosin (H&E). The
posterolateral muscles at the knee, including those in late-
term specimens, were identified as described previously [5].
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Results

Multiple muscle bundles at the origins

Six of the 15 analyzed knees contained cartilaginous
fabellas (Figs. 1, 2) and the other 9 contained tight fibrous
masses instead (Figs. 3-5). In both groups, the fabella or its
analogue was embedded in a short but thick tendinous band
originating from the femoral lateral condyle on the supero-
medial side of the popliteus tendon insertion (Figs. 1A, B,
2A, 3A, B, 4A). Thus, the tendinous band was similar to the
most proximal part of the adult GL. However, the origins of
the GL and PL were each consistently composed of 3 muscle
bundles (GL1, GL2, and GL3; PL1, PL2, and PL3; Table 1), re-
gardless of the presence of a cartilaginous fabella. The upper
origin of the PL (PL1) was muscular rather than tendinous,
and was similar to the PL origin in adults. The tendinous
band is the common tendon because parts of the GL and PL
originated from it. The distance from the insertion of the
common tendon to the insertion of the popliteus tendon at
the lateral condyle varied among specimens, from less than
1 mm (Fig. 1A, B) to more than 5 mm (Fig. 4A). However,
there is some uncertainty in these measurements because
the two insertions were not contained in any single sagittal
section. The three GL bundles and the 3 PL bundles joined
to provide an independent thick muscle bundle, whereas a
single specimen with a fabella analogue apparently had com-
plete fusion between the GL and PL at the knee joint level, a
structure we consider to be an anomaly (Fig. 5). There was
striation of muscle fibers at each of the 6 origins, although
our demonstration of this was limited (Fig. 2I).

The origin of the PL was consistently composed of the up-
per (PL1), middle (PL2), and lower (PL3) bundles. PL1, which
is independent from the common tendon and from PL2 and
PL3, originated from the femoral condyle immediately above
the common tendon (Figs. 1D, E, 2D, 3B, C, 4A). Analysis of
the origins of the 6 bundles of the GL and PL indicated that
only one (PLI) had a “muscular” origin, in which muscle fi-
bers appeared to originate directly from the femoral condyle.
PL2 originated from the posteromedial aspect of the com-
mon tendon more than 2 mm below PL1 (Figs. 1G, 2G, 3E,
4D, E), whereas PL3 originated from the inferior end (Figs.
1F, 2F, 3D, 4E). Thus, PL2 and PL3 appeared to originate
from the cartilaginous fabella when it was present. Striated
muscle fibers were not directly attached to the cartilage, but
intermingled with the fibrous capsule. The muscle fibers of
PL1, PL2, and PL3 joined to provide a thick muscle belly of
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Fig. 1. Origins of the gastrocnemius lateral head (GL) and plantaris (PL) in a fetus (260 mm crown-rump length [CRL]) with a fabella. (A-C)
show the topographical anatomy of bony elements and muscle attachments in the lateral half of the knee joint; (A) shows the most lateral site and
(C) the most medial site. (A) shows the insertion of the PT to the femur (FE). (B) shows a common tendinous origin (star) of the GL and PL. (C)
shows the fabella and anterior cruciate ligament. (D-I) show multiple muscle bundles at the origins of the GL and PL; (D) shows the most lateral
site and (I) the most medial site. (D) corresponds to the square in (B), and (F) corresponds to the square in (C). (D, E) show the upper bundle of
the PL (PL1) is adjacent to the posterior aspect of the common tendinous origin (stars). (F, G) show the fabella is surrounded by the PL origin,
which has three muscle masses (PL1, PL2, PL3). (F) shows the upper muscle bundle of the GL (GL1, dotted oval) originates from the common
tendon, and is adjacent to the inferior aspect of the PLI. (G) shows that after the GL1 combined with another muscle bundle originating from
the fabella (GL2), the lateral head was separated from the PL, the lower most muscle bundle (GL3) originates from a surface aponeurosis (triangles
in F) that extended from the GL2. (J) (a magnified view of the circle in F) shows the PL3 from the fabella. (A-C) are at low magnification (H&E,
scale bar in A: 5 mm), (D-I) are at intermediate magnification (H&E, scale bar in D: 1 mm), and (J) is at high magnification (H&E, scale
bar: 0.1 mm). See also Table 1. PA, patella; BF, biceps femoris; FI, fibula; T, tibia; ACL, anterior cruciate ligament; PM, popliteus muscle; PT,
popliteus tendon.
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Fig. 2. Origins of the gastrocnemius lateral head (GL) and plantaris (PL) in a fetus (328 mm crown-rump length [CRL]) with a fabella. (A-C)
display the topographical anatomy of bony elements and muscle attachments in the lateral half of the knee joint; (A) shows the most lateral site
and (C) the most medial site. (A) shows a common tendinous origin (star) of the GL and (B) shows the fabella. (D~H) show multiple muscle
bundles at origins of these two muscles. (D, E, H) are magnified views of the squares in (A-C), respectively. (D) shows the most lateral site and
(H) the most medial site. (D) shows that the PL1 attaches to the posterior aspect of the common tendinous origin (star). (E, F) show the origin of
the GL1, which is distant from the PL1 and originates from the common tendon near fabella, but the GL3 originates from a surface aponeurosis
(triangles). (I, J) show muscle fibers of the GLI and PL3, and are higher magnifications of the circles in (E, F), respectively. (A-C) are at low
magnification (H&E, scale bar in A: 5 mm), (D-H) are at intermediate magnification (H&E, scale bar in D: 1 mm), and (L, J) is at high
magnification (H&E, scale bar: 0.1 mm). See also Table 1. BF, biceps femoris; FL, fibula; T, tibia; FE, femur; PM, popliteus muscle; PT, popliteus
tendon; SO, soleus.
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Fig. 3. Origins of the gastrocnemius lateral head (GL) and plantaris (PL) in a fetus (250 mm crown-rump length [CRL]) without a fabella.
Panels show multiple muscle bundles at the origins of the GL and PL; (A) shows the most lateral site and (G) the most medial site. (D, E) show
a fabella-like tight fibrous mass (green-dotted oval) instead of a fabella at the inferomedial end of a common tendinous origin (star) and (A-
C) show this fibrous mass is surrounded by four muscle bundles (GL1, GL2, PL2, PL3). (E) shows a posterior surface aponeurosis (triangles)
issuing from the lower muscle fibers of the lateral head (GL3). (G) shows the GL1 is separated from the PL1 and PL3 in the far medial side of the
popliteus tendon, facing the joint cavity (PT). All panels are at the same magnification (H&E, scale bar in A: 1 mm). See also Table 1. BF, biceps
femoris; FI, fibula; FE, femur; PM, popliteus muscle; PT, popliteus tendon; SO, soleus.

the PL, whose thickness was almost the same as that of the
GL or the popliteus muscle belly (Figs. 1F, 2H).

Except for a single specimen, the GL was composed of up-
per (GL1), middle (GL2), and lower (GL3) bundles. GL1 was a
large and independent bundle that originated from the com-
mon tendon, immediately on the upper side of the fabella
or its analogue (Figs. 1F, 2E, 3E, 4B). This bundle extended
inferomedially below PL1 to join GL2, and was usually sepa-
rated from PL1 (Figs. 2E, 3D, 4B) but rarely adjacent to it (Fig.

https://doi.org/10.5115/acb.20.326

1F). GL2 originated from the inferior aspect of the fabella or
common tendon (Figs. 1F, 2F, 3C, D, 4C), indicating it was
located in front of and adjacent to PL2 and PL3. A thick mus-
cle bundle after the joining of GL1 and GL2 (1-2 mm below
the fabella or its analogue) had a posterior surface aponeuro-
sis from which GL3 originated (Figs. 1F, 2F, 3F, 4D, E). Thus,
GL3 was distant from the common tendon or fabella, GL1
was adjacent to the anteromedial aspect of PL2, and GL2 was
inferoposterior to PL3. GL1, GL2, and/or PL1 pushed the
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Fig. 4. Origins of the gastrocnemius lateral head (GL) and plantaris (PL) in a fetus (282 mm crown-rump length [CRL]) without a fabella.
Panels show multiple muscle bundles at origins of the GL and PL; (A) shows the most lateral site and (G) the most medial site. (A) shows that
the common tendinous origin of the GL and PL (dotted green line) is continuous to a fabella-like connective tissue mass (dotted green line in B,
C) and these structures are surrounded by multiple muscle bundles (PL1, PL2, PL3, GL1, GL2). (E, F) show another origin of the PL3 appears
in the medial side of the fabella-like mass. (F, G) shows the GL1 and GL2 fused to provide a thick muscle in this medial section. (D, E) show the
GL3 originates from the surface aponeurosis (triangles). All panels are at the same magnification (H&E, scale bar in A: 1 mm). See also Table 1.
BF, biceps femoris; FI, fibula; FE, femur; PM, popliteus muscle; PT, popliteus tendon.

biceps femoris posteriorly, so it was near the insertion at the
knee (Figs. 2E, 3D, 4B, C). Table 1 summarizes our observa-
tions of these multiple muscle origins. Notably, the morphol-
ogy of the gastrocnemius medial head in each midterm fetus
was similar to that in adults.

Different muscle origins in specimens with and without
fabellas

PL1, PL2, and PL3 joined to provide the thick muscle belly
of the PL, whereas GL1 and GL2 joined to provide the muscle
belly of the GL. Lateral sections that contained the popliteus
tendon facing the joint cavity indicated that PL3 originated
from the inferior aspect of the fabella (Figs. 1F, 2F). Exami-
nation of fetuses lacking fabellas indicated that PL3 appeared
at the far medial side of the popliteus tendon. Likewise, later-
al sections that contained the popliteus tendon indicated that

www.acbjournal.org

GL1 was separate from PL2 in originating from the fabella
(Figs. 1G, 2G). In the absence of a fabella, medial sections
containing the popliteus muscle belly showed that the GL
and PL were separate (Figs. 3G, 4F). Therefore, the separa-
tion between the GL and PL was more medial in specimens
without a fabella. We also observed a well-developed medial
head of the gastrocnemius in medial sections (not shown).

An exceptional specimen with fusion between the GL
and PL

The common tendon was absent in one fetus (274 mm
CRL; Fig. 5). Rather, PL1, PL2, and PL3 had a belt-like ar-
rangement on the immediate posterior side of the popliteus
tendon (Fig. 5E, F). The GLI attached to the posterior aspect
of the thick muscle bundle at the PL origins, and the GL3
originated from an aponeurosis that extended inferiorly
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Fig. 5. Lack of a common tendinous origin of the gastrocnemius lateral head (GL) and plantaris (PL) in a fetus (274 mm crown-rump length
[CRL]) without a fabella. (A, B) show the topographical anatomy of bony elements and muscle attachments in the lateral half of the knee
joint. The squares in (A, B) are at a higher magnification in (D, F), respectively. (C-J) show multiple muscle bundles at the origins of these two
muscles; (C) is shows the most lateral site and (J) the most medial site. (E, F) show the three muscle bundles at the PL origin (PL1, PL2, and PL3)
provide a belt on the immediate posterior side of the popliteus tendon. (G) shows that the GLI attaches to the posterior aspect of the PL origins
and the GL3 originates from a surface aponeurosis from the GL1 (triangles). (A, B) are at low magnification (H&E, scale bar in A: 5 mm) and (C-
J) are at high magnification (H&E, scale bar in C: 1 mm). See also Table 1. PA, patella; BF, biceps femoris; FI, fibula; T, tibia; FE, femur; PM,
popliteus muscle; PT, popliteus tendon; SO, soleus; LN, lymph node; TN, tibial nerve.

from the GL1 (Fig. 5G). We did not identify the GL2. Thus,  tibial nerve.

this fetus had two major muscle bundles (PL1+PL2+PL3 and

GL1+GL3) and a thick artery between these muscles (Fig. Discussion

5H), although medial sections indicated both muscles were

fused (Fig. 5]). The medial head of the gastrocnemius ap- The most striking finding of our examination of late-term
peared normal on the medial side along the course of the  fetuses (28-37 weeks GA) was the presence of a complex of
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Table 1. Terms used in this study
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Terms

Features

“Common tendon” of the gastrocnemius lateral
head and plantaris in late-stage fetuses lateral head)

Fabella or its analogue

Plantaris (PL)

Upper bundle (PL1)

the adult plantaris origin)
From the poseteromedial aspect of the fabella or its analogue
From the inferior aspect of the fabella or the inferomedial aspect of the fabella-analogue

Middle bundle (PL2)

Lower bundle (PL3)
Gastrocnemius lateral head (GL)

Upper bundle (GL1)

Middle bundle (GL2)

Lower bundle (GL3)

A thick tendon originating from the lateral condyle of the femur (similar to the adult morphology of the
A spherical cartilage or a tight fibrous mass embedded in the aforementioned common tendon

From the lateral condyle in the immediately superoposterior side of the common tendon origin (similar to

From the common tendon in the superior side of the fabella or its analogue
From the inferior aspect of the fabella or its analogue
From an aponeurosis extending inferiorly from the posterior aspect of the GL2

Terminology used in the present results to describe a common feature of multiple muscle bundles at origins of the gastrocnemius lateral head and plantaris with

or without a fabella.

| GL1+2 GL3
PL1+2+3

Definite gastrocnemius lateral head

| GL3

Fig. 6. Schematic representation of the gastrocnemius lateral head
(GL) and plantaris (PL) origins in a late-term fetus, and hypothesized
connections to adult morphology. The patella (or its analogue) is pink,
the PL is green, and the GL is orange. (A) shows the topographical
anatomy of the origins of the 3 GL bundles (GL1, GL2, and GL3)
and the 3 PL bundles (PL1, PL2, and PL3). (B) shows the changes
hypothesized to occur after birth, in which the PL1 remains, and the
PL2 and PL3 degenerate or are absorbed into the gastrocnemius. PT,
popliteus tendon.

muscle bundles at the origins of the GL and PL (Fig. 6A).
This morphology is quite different from that in adults, in
which a thick GL tendon often contains a bony fabella and
the PL muscle fibers originate directly from the femur con-
dyle. The PL muscle origin in adults is similar to that of the

upper bundle of the PL (PLI) on the immediately superior
side of the common tendon in the late-term fetuses exam-
ined here. Our previous study of midterm fetuses (15-18
weeks GA) indicated the PL origin appeared to contain a
fabella or its analogue [1]. However, each midterm fetus had
a dense connective tissue band containing a fabella or its
analogue attached tightly to a PL muscle bundle; moreover,
the GL and PL were attached to each other or even fused at
the knee. Thus, at midterm, some muscle fibers of the GL
may originate from the fabella or its analogue. The fibrous
belt at midterm seemed to correspond to the common ten-
don at late-term, whereas the PL muscle bundle at midterm
corresponded to PL1 at late-term. Thus the PL2 and PL3
appear later than the PL1. The present study of late-term
fetuses indicated the fibrous belt was most likely to develop
into a thick tendon (indicated here as the “common tendon”)
that provided origins of the GL1 and GL2 and of additional
muscle bundles of the PL2 and PL3. Although we did not
identify the G3 at midterm, the GL3 at late-term was similar
to gastrocnemius muscle fibers originating from the surface
aponeurosis below the knee.

After birth, drastic reconstructions presumably occur at
the origins of the GL and PL. The common tendon was used
only by the GL, whereas PL2 and PL3 degenerated or were
absorbed into the GL (Fig. 6B). The prenatal space posterior
to the knee joint is too narrow to contain all the growing
ligaments, muscles, nerves, and blood vessels, because even a
nerve makes a deep notch on the muscle surface [1, 6]. Thus,
the space occupying effect of the GL suggests that the mul-
tiple PL bundles at the origin are not maintained and do not
grow during postnatal development.

Immediately after birth, the GL and vastus medialis play
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major roles in the “parachute reaction” of newborns [7]. In
particular, the contact of an infant’s foot with the floor (equi-
nus foot without heel contact) is quite different from that in
adults [8]. Moreover, when an infant starts walking, the gas-
trocnemius should act at all phases of the gait, because early
walking consists simply of anterior foot attachment followed
by toe-off, without complete plantar attachment and heel-
strike, as in adults [9]. Early reflex and walking lead to much
greater mechanical stress on the GL origin than the PL ori-
gin because the PL tendon is very thin in the Achilles tendon
of late-term fetuses (not shown in the figures). We hypoth-
esize that the great difference in muscle activity after birth
may accelerate reconstruction or elimination of the multiple
PL origins. These changes in the GL and PL are likely to be
among the few examples of significant postnatal changes in
skeletal muscle morphology.

One of the knees examined here differed from the other
14 knees, which each contained 3 transient origins of the
GL and 3 transient origins of the PL. Because a muscle band
of the PLI, PL2, and PL3 was evident in place of the com-
mon tendon and because a distal belly was absent from the
PL, this fetal anomaly may give rise to a common variation
in adults—an absent PL (variation No. 2, below). Bergman’s
Comprehensive Encyclopedia of Human Anatomic Variation
[10] describes four variations in this region: (i) the PL muscle
fibers often interdigitate with the GL at the origin (19.6%);
(ii) the PL is sometimes or often absent (2.5%-13.0%); (iii) a
robust muscle belly equal to the GL is rarely reported in the
PL; and (iv) the PL rarely originates from the GL. Absorp-
tion and/or degeneration of the entire fetal PL (PL1, PL2, and
PL3) may thus explain the absence of a PL in adulthood. The
morphology of the late-term fetus seems to be partly main-
tained by an interdigitation of muscle bundles of the GL and
PL. For example, PL2, which was sandwiched by GL1 and
GL2, was likey to be neither absorbed nor degenerated. The
rare robust PL was identical to the late-term PL (Fig. 6A).
Degeneration of the PL1 may have led to the anomalous PL
arising from the GL (variation No. 4, above). That is, the PL
was likely established during early evolution as a strong long
flexor of the toes, but once the calcaneus was evident, the toe
tendons were lost (reviewed by Jin et al. [1]). The presence of
the PL in the toes was previously reported in kangaroos [11]
and rabbits [12, 13]. Finally, a well-known group of gastroc-
nemius variations (gastrocnemius tertius; 1.9-5.5% [10]) was
likely to contain remnants of the PL2 or PL3.

A bony or cartilaginous fabella was reported to occur
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in 31.0% to 86.9% of tendinous origins of the GL in adults
[14-17]. Our previous study of midterm fetuses [1] led us to
hypothesize that the fabella initially develops at the origin
of the PL. However, the present study of late-term fetuses
showed that the fabella develops in the common tendon of
the PL and GL. Later, possibly after birth, the fabella moves
to a definite position depending on disappearance of the PL2
and PL3 origins from the common tendon. The development
and growth of a tendon-associated fibrocartilage is an inter-
esting aspect of fetal development [18, 19], and some studies
investigated its genetic control, but most studies of sesamoid
bones did not consider development of the fabella. Finally,
our results lead us to reject the hypothesis that the patella
originates from the femur and secondarily migrates into the
GL [20].
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