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Background: The anatomy of the articularis genus muscle has prompted speculation that it elevates the suprapatellar
bursa during extension of the knee joint. However, its architectural parameters indicate that this muscle is not capable of
generating enough force to fulfill this function. The purpose of the present study was to investigate the anatomy of the
articularis genus, with special emphasis on its relationship with the adjacent vastus intermedius and vastus medialis
muscles.

Methods: The articularis genus muscle was investigated in 18 human cadaveric lower limbs with use of macro-
dissection techniques. All components of the quadriceps muscle group were traced from origin to insertion, and their
affiliations were determined. Six limbs were cut transversely in the middle third of the thigh. The modes of origin and
insertion of the articularis genus, its nerve supply, and its connections with the vastus intermedius and vastus medialis
were studied.

Results: The muscle bundles of the articularis genus were organized into 3 main layers: superficial, intermediate, and
deep. The bundles of the superficial layer and, in 60% of the specimens, the bundles of the intermediate layer
originated from both the vastus intermedius and the anterior and anterolateral surfaces of the femur. The bundles of
the deep layer and, in 40% of the specimens, the bundles of the intermediate layer arose solely from the anterior
surface of the femur. The distal insertion sites included different levels of the suprapatellar bursa and the joint
capsule. A number of connections between the articularis genus and the vastus intermedius were found. While the
vastus medialis inserted into the whole length of the vastus intermedius aponeurosis, it included muscle fibers of the
articularis genus, building an intricate muscle system supplied by nerve branches of the same medial deep division of
the femoral nerve.

Conclusions: The articularis genus, vastus medialis, and vastus intermedius have a complex, interacting architecture,
suggesting that the articularis genus most likely does not act as an independent muscle. With support of the vastus
intermedius and vastus medialis, the articularis genus might be able to function as a retractor of the suprapatellar bursa.
The finding of likely interplay between the articularis genus, vastus intermedius, and vastus medialis is supported by their
concurrent innervation.

Clinical Relevance: The association between the articularis genus, vastus medialis, and vastus intermedius may be
more complex than previously believed, and this close anatomical connection could have functional implications for knee
surgery. Dysfunction, scarring, or postoperative arthrofibrosis of the sophisticated interactive mechanism needs further
investigation.

bundles that originate from the anterior surface of the
distal third of the femur'”. Distal attachment sites in-
clude the proximal and posterior walls of the suprapatellar
bursa and the synovial membrane of the medial and lateral

T he articularis genus comprises multiple layered muscle

aspects of the knee joint capsule™. The articularis genus has
been examined in various age groups (including fetuses)'**7,
and, although its anatomy has been described thoroughly, its
function is not fully understood. Previous investigators have
suggested that the articularis genus coordinates the movement
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of the suprapatellar bursa during flexion and extension™*"" and

also that it has a proprioceptive function®. There is some evi-
dence that the articularis genus retracts the suprapatellar bursa
during knee extension and prevents entrapment of the bursa
between the patella and the femur"*>**''; however, its archi-
tectural parameters indicate that the muscle might not be ca-
pable of generating enough force to fulfil this function®.
Mechanical interactions between synergistic muscles can be
ascribed to changes in the position of 1 muscle relative to the
other'?, and, while the articularis genus has a complex inter-
action with its adjoining muscles', its function relative to the
vastus intermedius and vastus medialis is not fully understood®.
We hypothesized that the articularis genus, supported by its
close anatomical and neural connections with the vastus me-
dialis and vastus intermedius, might be able to function as a
retractor of the suprapatellar bursa. Therefore, the purpose of
the present study was to further investigate the anatomy of the
articularis genus, with special emphasis on its relation to and
interaction with the vastus intermedius and vastus medialis.

Materials and Methods

sing macrodissection techniques, we investigated 18 ca-

daveric lower limbs (12 paired and 6 unpaired) from 12
donors (8 male and 4 female) who had had a mean age of 77
years (range, 67 to 86 years) at the time of death. The cadaveric
specimens were obtained from the institutional body donation
program (http://www.anatom.uzh.ch/Bodydo-nation.html) ac-
cording to the ethical guidelines of The Academy of Medical
Sciences"”. None of the cadavers showed any evidence of previous
trauma or surgery involving the femur, hip, or knee. All lower
limbs were embalmed in a formalin-based solution. All thighs
were examined by 2 of us (K.G. and M.M.) with use of a stan-
dardized dissection protocol. Each lower limb was placed supine
on a dissection table. After the removal of skin, an anterior
approach to the hip joint" and an ilioinguinal approach to
the pelvis”® were performed. The bellies of the anterior thigh
muscles, including the tensor fasciae latae, sartorius, and all
components of the quadriceps muscle group, were identified.
After resection of the hip joint capsule, the proximal origin of the
components of the quadriceps muscle group were located, and
each muscle, with its aponeurosis, was traced from proximal to
distal. The anatomical relationship and connections between the
articularis genus, vastus medialis, and vastus intermedius were
studied from origin to insertion.

Finally, the vastus medialis was released from its medial
attachments at the medial intermuscular septum, the medial lip
of the linea aspera, the tendon of the adductor magnus, the
adductor canal, the aponeurosis of the adductor longus, and the
periarterial connective tissue of the groove for the femoral ves-
sels'® and then was lifted laterally to allow viewing of the medial
surface of the femur, the deep distal aspect of the quadriceps
muscle group, and the capsule and cavity of the knee joint. The
articularis genus, vastus intermedius, and vastus medialis were
dissected separately. Special attention was given to the anatomy
and architecture of the articularis genus and its anatomical re-
lation to the surrounding muscles. The number of articularis
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genus muscle bundles, the layers of the muscle, and the ar-
rangement, origins and insertions, and innervation of the
muscle components were investigated. Finally, after the pre-
liminary dissection, 6 of the 18 limbs (4 paired and 2 unpaired)
were cut transversely through the middle third of the thigh.

Proximal to the inguinal ligament, the femoral nerve and
its muscular branches were dissected and traced distally. The
saphenous nerve was traced separately until it exited the adductor
canal. All branches of the lateral femoral circumflex artery and all
muscle branches of the femoral nerve to the quadriceps muscle
group and the articularis genus were identified.

Results
Origin, Insertion, and Architecture of the Articularis Genus
Muscle

he articularis genus muscle was present in all specimens

and showed a variable architecture consisting of 3 to 6
muscle bundles (Table I). The number of bundles was com-
parable between sexes and overall between the left and right
legs in paired specimens. The muscle bundles of the articularis
genus were organized into 3 layers (Fig. 1), with the proximal
bundles forming the most superficial layer and the distal
bundles forming the deepest layer. Proximally, the bundles of
the superficial layer and, in 60% of the specimens, the bundles
of the intermediate layer originated from both the vastus in-
termedius and the anterior and anterolateral surfaces of the
femur. The bundles of the deep layer and, in 40% of the
specimens, the bundles of the intermediate layer arose solely

TABLE | Characteristics of Specimens and Number of Articularis

Genus Muscle Bundles and Layers

Articularis
Specimen Case Side Sex Layers  Genus Bundles
1 1 Right Male 3 4
2 1" Left Male 3 6
3 2 Right Male 3 4
4 2" Left Male 3 5
5 3 Right Male 3 6
6 3" Left Male 3 5
7 4 Right Male 3 6
8 4" Left Male 3 6
9 5 Right Female 3 3
10 5 Left Female 3 4
11 6 Right Female 3 6
12 6’ Left Female 3 5
13 7 Left Female 3 6
14 Right Female 3 5
15 9 Right Male 3 4
16 10 Left Male 3 6
17 11 Right Male 3 5
18 12 Right Male 3 5
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PROXIMAL

Fig. 1

Pﬁotograph showing the medial view of the distal two-thirds of a right thigh. The vastus medialis (VM), together with its insertion into the vastus intermedius
(VI), is lifted from its hammock-like origin (red transparent shading), the medial lip of the linea aspera, and the medial supracondylar line (red dotted line),
thereby revealing the knee joint cavity, the articularis genus (indicated by the white numbers), the vastus intermedius aponeurosis, and the medial surface
ofthe distal part of the femur. The articularis genus is arranged in 3 layers: superficial (indicated by the number 1), intermediate (indicated by the number 2),
and deep (indicated by the number 3). Distally, the articularis genus bundles insert gradually into the suprapatellar bursa (asterisks) and the joint capsule.
The bundles of the superficial layer insert into the synovial membrane adjacent to the quadriceps tendon (red asterisk), the bundles of the intermediate layer
insert into the middle section of the suprapatellar bursa (orange asterisks), and the muscles of the deep layer insert into the synovial membrane (yellow
asterisk) facing the femur. Distal deep muscle bundles of the vastus intermedius (white asterisks) contribute to the vastus intermedius aponeurosis and
finally merge with the quadriceps tendon, inserting into the base of the patella (P). The long nerve branch to the vastus medialis (single yellow arrow), lifted
with the vastus medialis muscle, courses distally along the anteromedial border of the muscle and, in contrast to the saphenous nerve (double yellow
arrows), remains lateral to its superficial aponeurosis in a separate fibrotic tunnel. Red and blue arrows = superficial femoral vessels, H = Hoffa fat pad, Pl =

transected patellar tendon, R = rectus femoris, AM = tendon of the adductor magnus, and S = sartorius.

from the anterior surface of the femur (Fig. 2). Proximally,
there was no clear separation between the articularis genus and
the vastus intermedius, with the articularis genus muscle
bundles being in continuity with the deep muscle fibers of the
vastus intermedius. Distally, the deep and intermediate layers
of the articularis genus muscle bundles were partially separated
by fatty tissue (Fig. 2).

While the deep layer of the vastus intermedius always
corresponded with the muscle bundles that finally continued
as the articularis genus to the knee joint, the superficial layer
of the vastus intermedius contributed to the layers of the
quadriceps tendon and finally inserted into the base of
the patella. Distally, where the articularis genus inserted into
the suprapatellar bursa and the knee joint capsule, connec-
tions between the superficial bundles of the articularis genus
and the deep muscle fibers of the vastus medialis could be
observed. Conversely, the insertion of the vastus medialis
expanded from the joint capsule and the patella to the medial
edge of the rectus femoris and the aponeurosis of the vastus
intermedius (Fig. 3).

Innervation of the Articularis Genus, Vastus Intermedius, and
Vastus Medialis Muscles

The articularis genus, the vastus medialis, and the medial
part of the vastus intermedius were always supplied by the

same medial deep division of the femoral nerve, which
subdivided into 3 to 4 branches. The most medial branch
continued as the saphenous nerve. The second branch sup-
plied the vastus medialis muscle, coursing distally along the
anteromedial border of the muscle and, in contrast with the
saphenous nerve, remaining lateral to its superficial apo-
neurosis in a separate fibrotic tunnel. The third and fourth
branches innervated the proximal parts of the vastus medi-
alis and the medial parts of the vastus intermedius (Fig. 4).
At first glance, these branches appeared to have short courses
and were often hidden by branches of the lateral circumflex
femoral artery; however, 1 of these terminal branches
crossed the medial portion of the vastus intermedius,
coursed distally above the deep layer of the vastus interme-
dius, and branched to the articularis genus, finally inserting
into the upper part of the synovial pouch of the knee joint.
This terminal nerve branch formed a guide for (1) separating
the vastus medialis from the vastus intermedius proximally
and (2) separating the articularis genus and the deep layer of
the vastus intermedius from the superficial layer of the
vastus intermedius.

Discussion
he present study revealed that the articularis genus is part
of a complex and intricate muscular system consisting of
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Fig. 2
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Enlarged view of Figure 1, showing the origin and insertion of the articularis genus. The bundles of the superficial layer (indicated by the number 1) and, in
60% of the specimens, the bundles of the intermediate layer (indicated by the number 2) originated from both the deep surface of the vastus intermedius (VI)
aponeurosis and from the anterior and anterolateral surfaces of the femur. The bundles of the deep layer (indicated by the number 3) and, in 40% of the
specimens, the bundles of the intermediate layer originated entirely from the anterior surface of the femur. Distally, the articularis genus bundles inserted
gradually into the suprapatellar bursa and the joint capsule (asterisks), with the bundles of the superficial layer inserting into the synovial membrane
adjacent to the quadriceps tendon (red asterisk), the bundles of the intermediate layer inserting into the middle section of the suprapatellar bursa (orange
asterisks), and the bundles of the deep layer inserting into the synovial membrane facing the femur (yellow asterisk). Proximally, no distinct investing fascia
separated the articularis genus from the vastus intermedius; in that area, the articularis genus muscle bundles were in continuity with the deep muscle
fibers of the vastus intermedius (white asterisks). Distally, the deep and intermediate articularis genus muscle bundles were partially separated by or
imbedded in a considerable amount of fatty tissue (orange arrow). For better visualization of the articularis genus muscle bundles, the fatty tissue was

partially removed. VM = vastus medialis. P = Patella.

the articularis genus, vastus intermedius, and vastus medialis.
These 3 structures share the same innervation pattern and work
in concert as a functional unit.

The articularis genus consists of 3 to 6 muscle bundles
and is arranged in deep, intermediate, and superficial layers.
Each layer spans a different section of the suprapatellar bursa
(Figs. 1 and 2). The superficial bundles fix the suprapatellar
bursa firmly to the quadriceps tendon. Although the distal
bundles of the articularis genus are visibly separate from the
vastus intermedius, this distinction is less clear more prox-
imally. No fascia separates the articularis genus from the
vastus intermedius; this finding is consistent with those of
previous studies"*'”. Hence, the muscle bundles of the ar-
ticularis genus could be considered to be an extension of the
deep layer of the vastus intermedius (Fig. 3); this view is in
agreement with previous studies in which it was assumed
that the articularis genus derived from the vastus interme-
dius'*’. Some authors consider the articularis genus muscle
to include only the muscle bundles that arise as an inde-
pendent entity from the anterior surface of the distal femoral
shaft and blend with the joint capsule'; this simplified
definition would correspond with the isolated deep layer of
the articularis genus in the present study (Fig. 2). Others

believe that it includes all distal muscle fibers that blend with
the vastus intermedius as well as the bundles that expand
between the femur and the vastus intermedius tendon’. We
consider the muscle strands between the femur and the
vastus intermedius tendon to be deep vastus intermedius
fibers rather than being part of the articularis genus. How-
ever, we consider muscle bundles that insert into the syno-
vial membrane of the joint capsule and into the suprapatellar
bursa as being part of the articularis genus, regardless of the
origin of the muscle bundles. The lack of a uniform defini-
tion of the articularis genus muscle in the literature might
explain the wide variability in the number of articularis
genus muscle bundles (range, 2 to 10) as reported in pre-
vious studies' "%,

An important finding of the present study is that the
vastus intermedius aponeurosis represents a point of origin of
the articularis genus and an important insertion site for the
vastus medialis. The insertion of the vastus medialis expands
from the patella, the medial edge of the rectus femoris, and the
strong aponeurosis of the vastus intermedius'®. Some muscle
fibers of the vastus medialis also merge with the superficial
bundles of the articularis genus. This close connection sug-
gests that the vastus medialis holds the vastus intermedius
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Fig. 3

Figs. 3-A and 3-B Schematic drawings showing the anatomy and mode of operation of the interacting muscle complex consisting of the articularis genus,
vastus intermedius (VI), and vastus medialis (VM). Fig. 3-A Schematic illustration depicting the hammock-like origin (gray) and the fleshy clip-like double-
insertion of the vastus medialis units (red) into the entire vastus intermedius aponeurosis (green). The blue dotted line corresponds to the origin of the
vastus medialis at the medial lip of the linea aspera. The vastus medialis clamps the vastus intermedius aponeurosis like a clip holding a sheet. The deep
layer of the vastus intermedius (green lines) corresponds with the muscle bundles that continue as the articularis genus to the knee joint. The superficial
layer of the vastus intermedius contributes to the layers of the quadriceps tendon and finally inserts into the base of the patella (P). In the present study, the
superficial articularis genus muscle bundles (indicated by the number 1) always originated from both the anterior surface of the femur and the vastus
intermedius (double arrows). The deep articularis genus muscle bundles (indicated by the number 3) arose solely from the femur. The intermediate
articularis genus muscle bundles (indicated by the number 2) always arose from the anterior surface of the femur. However, in 60% of the specimens,
muscle fibers also originated from the vastus intermedius aponeurosis. All muscle bundles of the articularis genus inserted into the synovial membrane of
the joint capsule and the suprapatellar bursa (black dashed line). Fig. 3-B Schematic illustration depicting the mode of operation of the muscle complex
consisting of the articularis genus (black lines), vastus intermedius (green double arrows), and vastus medialis (red arrows). As a derivative of the vastus
intermedius, the articularis genus consists of a few muscle bundles that arise from the deep part of the vastus intermedius. Therefore, the articularis genus
does not act as an independent entity. The muscle bundles of the articularis genus connect with the neighboring vastus intermedius and vastus medialis.
With their support, the articularis genus retracts or elevates the suprapatellar bursa (black dotted lines) during extension of the knee, preventing entrapment
of the bursa between the patella (P) and the femur.

medially, like a paper clip holding a sheet of paper, with the
vastus medialis muscle fibers wrapped firmly around the
aponeurosis of the vastus intermedius (Fig. 3-A). This clip-
like double insertion of the vastus medialis into the aponeu-
rosis of the vastus intermedius leads to the impression of the
existence of an aponeurosis on the deep surface of the vastus
medialis, when in fact this aponeurosis belongs to the vastus
intermedius™'*****,

Many investigators have attempted to clarify the func-
tional status of the articularis genus muscle and its relation-
ship to the range of motion of the knee'”. The insertion of
this muscle has prompted speculation that the articularis
genus retracts or elevates the suprapatellar bursa during

extension of the knee joint and prevents impingement of the
synovial membrane between the patella and the femur"**"'.
However, measurements have revealed that the cross-
sectional area of the articularis genus is minute®, raising the
question as to whether this small muscle is capable of re-
tracting the bursa during extension of the knee joint; direct
evidence for this function is limited**'"*. Our findings sug-
gest that this function might be performed by an anatomical
complex consisting of the articularis genus, vastus interme-
dius, and vastus medialis. The vastus intermedius, together
with the vastus medialis, regulates and enhances the power of
the articularis genus during the entire range of motion of the
knee. While this assistance to the articularis genus is especially
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Fig. 4

Pﬁotograph showing the anterior view of the proximal part of a right thigh along with the nerve supply to the extensor apparatus of the knee joint. For better
visualization of the femoral nerve branches, the sartorius (S) and rectus femoris (R) muscles were transected and elevated. Some nerve branches are
identified with black paper. The red pinhead on the right side of the image indicates the middle of the neck of the femur on the intertrochanteric line. The
vastus medialis (VM), the medial part of the vastus intermedius (VI), and the articularis genus are innervated by the medial division of the femoral nerve
(yellow arrows). One of these terminal branches crosses the medial portion of the vastus intermedius (yellow dotted line), courses distally above the deep
layer of the vastus intermedius, and finally branches to the articularis genus and the synovial pouch of the knee joint. This nerve branch (orange arrowheads)
is a guide for separating the vastus medialis from the vastus intermedius proximally and the articularis genus inclusive of the deep layer of the vastus
intermedius from the superficial layer of the vastus intermedius distally. The nerve branch to the vastus medialis runs along the anteromedial border of the
muscle. It separates from the saphenous nerve (Sn) proximally. The green arrows indicate the lateral division of the femoral nerve to the lateral parts of the
vastus intermedius, the vastus lateralis (VL), and the tensor vastus intermedius (TVI). Red asterisks = superficial, deep, and lateral circumflex femoral

arteries; blue asterisk = superficial femoral vein; and IT = iliotibial tract.

important in full contraction during the terminal phase of leg
extension, the articularis genus should be fully relaxed (and
unassisted) when the knee is in full flexion. Between maxi-
mum flexion and maximum extension, the tension of the
vastus intermedius, and therefore the articularis genus, must
be adjusted continuously by the medial-oblique pull of the
vastus medialis on the longitudinally orientated vastus in-
termedius aponeurosis (Fig. 3-B)'. Thus, it can be hypothe-
sized that the vastus medialis pretensions and consequently
triggers the vastus intermedius and the articularis genus at full
extension; this hypothesis agrees with the observation that the
vastus medialis is mostly active during the terminal range of
extension, just in time for the articularis genus to fulfill its
function as a retractor of the suprapatellar bursa®*”. In other
words, the articularis genus functionally linked with the
vastus intermedius and vastus medialis. This interpretation is
in contrast with classic anatomy textbooks, which tend to
define each muscle as a separate entity with a unique function
at the joint it spans. The vastus medialis, vastus intermedius,
and articularis genus cannot be seen as mechanically inde-
pendent actuators. The potential of force transmission be-
tween synergistic skeletal muscles through connective tissue
linkage has been highlighted in several recent studies'>***.
The close interaction of the articularis genus, vastus inter-
medius, and vastus medialis is also underlined by the fact that
the articularis genus, the vastus medialis, and the medial half
of the vastus intermedius are supplied by the same deep
medial branch of the femoral nerve (Fig. 4).

Deterioration of the vastus medialis, vastus intermedius,
or articularis genus in isolation is unlikely. Rather, scarring or
malfunction may lead to disruption of the timing of muscle
interaction. An effusion may increase the tension of the artic-
ularis genus-vastus intermedius complex and subsequently
affect vastus medialis activation. Additionally, trauma or sur-
gery involving the knee joint probably affects not only the
vastus medialis but also the functionally linked vastus inter-
medius and articularis genus. Injury to the articularis genus
muscle during the surgical approach to the knee joint (e.g.,
during synovectomy for total knee arthroplasty) could be the
reason for heterotopic ossification manifested as bone spurs™,
which has been correlated with the presence of stiffness fol-
lowing total knee arthroplasty and fracture in the supracon-
dylar region of the femur’ ™. A decrease in the mass of the
articularis genus and vastus intermedius is difficult to diagnose
clinically*”**””. However, in the study by Saito et al., atrophic
changes of the articularis genus muscle were documented with
ultrasound, and these findings were found to be correlated with
decreased range of motion of the knee and knee pain''.

An important limitation of the present study is that all
donors were elderly (mean age, 77 years). Age-related muscle
atrophy may have distorted the results, which therefore might
not be representative for young individuals. Embalmed tissue
also has been reported to shrink by 2.2% to 12%*”. Finally, the
number of specimens used in the present study was limited.

In conclusion, the anatomical construct consisting of the
articularis genus, vastus medialis, and vastus intermedius
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presents a more complex interacting architecture than has been
described in the current literature®®****, The articularis genus
consists of muscle fibers that arise from the femur but also
from the deep part of the vastus intermedius. The articularis
genus does not act independently as its muscle bundles are
strongly linked to the vastus intermedius and, subsequently, the
vastus medialis. ®
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