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Abstract

Purpose Although the vastus medialis (VM) is closely
associated with the vastus intermedius (VI), there is a lack
of data regarding their functional relationship. The purpose
of this study was to investigate the anatomical interaction
between the VM and VI with regard to their origins, inser-
tions, innervation and function within the extensor appara-
tus of the knee joint.

Methods Eighteen human cadaveric lower limbs were
investigated using macro-dissection techniques. Six limbs
were cut transversely in the middle third of the thigh. The
mode of origin, insertion and nerve supply of the extensor
apparatus of the knee joint were studied. The architecture
of the VM and VI was examined in detail, as was their ana-
tomical interaction and connective tissue linkage to the
adjacent anatomical structures.

Results The VM originated medially from a broad ham-
mock-like structure. The attachment site of the VM always
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spanned over a long distance between: (1) patella, (2) rec-
tus femoris tendon and (3) aponeurosis of the VI, with
the insertion into the VI being the largest. VM units were
inserted twice—once on the anterior and once on the pos-
terior side of the VI. The VI consists of a complex multi-
layered structure. The layers of the medial VI aponeurosis
fused with the aponeuroses of the tensor vastus intermedius
and vastus lateralis. Together, they form the two-layered
intermediate layer of the quadriceps tendon. The VM and
medial parts of the VI were innervated by the same medial
division of the femoral nerve.

Conclusion The VM consists of multiple muscle units
inserting into the entire VI. Together, they build a potential
functional muscular complex. Therefore, the VM acts as an
indirect extensor of the knee joint regulating and adjusting
the length of the extensor apparatus throughout the entire
range of motion. It is of clinical importance that, besides
the VM, substantial parts of the VI directly contribute to
the medial pull on the patella and help to maintain medial
tracking of the patella during knee extension. The interac-
tion between the VM and VI, with responsibility for the
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extension of the knee joint and influence on the patellofem-
oral function, leads readily to an understanding of common
clinical problems found at the knee joint as it attempts to
meet contradictory demands for both mobility and stability.
Surgery or trauma in the anteromedial aspect of the quadri-
ceps muscle group might alter a delicate interplay between
the VM and VI. This would affect the extensor apparatus as
a whole.

Keywords Vastus medialis - Vastus intermedius - Extensor
apparatus of the knee joint - Quadriceps muscle group -
Extensor mechanism of the knee joint

Introduction

The vastus medialis (VM) and vastus intermedius (VI)
muscles are part of the extensor apparatus of the knee joint.
Both muscles are situated close to each other on the ante-
rior and medial aspect of the femur. The VM and VI work
together with the other components of the quadriceps mus-
cle group (rectus femoris, vastus lateralis and tensor vastus
intermedius [10] to produce knee extension torque when
knee joint action is performed [43]. However, anatomical
properties such as muscle volume, origin of the muscle and
fibre-type composition seem to be inconsistent among the
components of this muscle group [1]. These variations may
be attributed to different functional roles or contributions
among synergists of the extensor apparatus of the knee
joint.

There is a large quantity of the literature regarding the
importance of the VM as a medial stabilizer of the femo-
ropatellar joint [19, 21, 26, 33, 49, 51, 53]. In contrast,
very little has been written about the VI and its anatomical
interaction with the VM. Traditionally, the VM is described
as largely separated from the anterior and the medial side
of the femur by the VI. It arises from the lower portion of
the intertrochanteric line, spiral line, medial lip of the linea
aspera, upper part of the medial supracondylar line, the ten-
dons of the adductor longus and magnus, and the medial
intermuscular septum. It has been proposed that the fibres
of VM pass downwards and forward and end in the com-
mon tendon of the quadriceps muscle, which inserts into
the patella and becomes connected with the capsule of
the knee joint [37, 39, 44, 52]. In addition to this classic
description, great variation in the distal part of the VM has
been found [19, 26, 46, 49, 51, 53].

According to anatomy textbooks, the VI arises from the
anterior and lateral surfaces of the upper two-thirds of the
femoral shaft, and from the lower part of the lateral inter-
muscular septum [43]. The VI inserts into the posterior
surface of the upper border of the patella, posterior to the

VM, through tendon fibres that make up the deep part of
the quadriceps tendon [17, 41].

Although the VM and VI course are adjacent to each
other, there is a lack of data regarding their functional
relationship or interaction. According to many textbooks,
atlases of anatomy and journals, the VI and VM are sepa-
rated by an intermuscular space or septum [17, 35, 37, 39,
41]. However, previous anatomical dissections revealed that
the interaction between the components of the quadriceps
muscle group is more complex and intricate than was ini-
tially described. Furthermore, dissections revealed different
morphological findings between the VI and VM compared
to classic descriptions in the literature [10, 12, 13]. Loss
of knee extension occurs most rapidly due to inactivity of
the VM (28). Patellofemoral pain syndrome is thought to
be associated with lateral malalignment of the patella [28].
Possible causes of this malalignment include a hypotrophy
or atrophy of the VM, which might affect the VI and other
components of the quadriceps muscle group indirectly. The
purpose of this study was to investigate the anatomical con-
nection between the VI and VM, as well as their innerva-
tions, origins, insertions and contributions to the function
of the extensor apparatus of the knee joint.

Materials and methods

Eighteen cadaveric lower limbs from 12 specimens (6
paired and 6 unpaired), from eight males and four females,
with a mean age at death of 77 years (range = 67-86 years),
were investigated using macro-dissection techniques. The
cadaver parts were obtained from the institutional body
donation programme (http://www.anatom.uzh.ch/Bodydo-
nation.html) following the ethical guidelines “On the use
of cadavers and parts of cadavers in medical research and
for pre-, postgrad and continued education and research
with human subjects” by the Academy of Medical Sciences
(SAMS). All lower limbs were embalmed in a formalin-
based solution. The thighs were examined by a standard-
ized dissection protocol. Each lower limb was placed
supine on a dissection table, and an anterior approach to
the hip joint was performed. Resection of the joint capsule
followed, and the proximal border of the muscle bellies of
the quadriceps muscle group was localized. After an addi-
tional incision proximal to the inguinal ligament, the femo-
ral nerve was dissected and traced distally. All the muscle
branches of the femoral nerve to the sartorius and the dif-
ferent components of the quadriceps muscle were identi-
fied. Finally, the sartorius and the rectus femoris muscles
were transected distally and elevated proximally. All nerve
branches to the VI and VM were carefully dissected. The
saphenous nerve was traced separately until it exited the
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adductor canal. VM was released from its medial attach-
ment to the intermuscular septum. Six limbs from four
specimens (two paired and two unpaired) were cut trans-
versely in the middle third of the thigh. The origins, inser-
tions, nerve supply and the architecture of the VM and VI
were examined. Attention was paid to the anatomical inter-
action between the VM and VI, as well as their connective
tissue linkage to the adjacent anatomical structures.

Results
Origin, course and insertion of the vastus medialis

The VM originated medially and dorsally from a
broad hammock-like structure composed of the medial

Bony origin of VM

Fig. 1 Origin and insertion of the vastus medialis. Medial view of
the distal two-thirds of a left thigh in slight external rotation is shown.
The vastus medialis (VM) is lifted from its hammock-like origin (red
transparent surface) and medial lip of the linea aspera and medial
supracondylar line (long red dotted line). See also the corresponding
femur (on the top) with the marked bony origin of the VM. The inser-
tions of the VM into the patella (P), the quadriceps tendon and the
vastus intermedius are marked with blue, red and green dotted lines
and arrows. Below the lifted VM, the medial surface of the femur is
bare of muscle fibres and, therefore, not an attachment site for the

intermuscular septum and its great expansion between the
distal continuation of the intertrochanteric line, the spiral
line, the medial lip of the linea aspera down to the proxi-
mal part of the medial supracondylar line, the tendon of the
adductor magnus, the adductor canal, the aponeurosis of
adductor longus and the periarterial connective tissue of the
groove for the femoral vessels (Fig. 1). The medial aponeu-
rosis of the VM was always tightly bound to the aponeuro-
sis of the adductors.

The insertion of the VM always spanned over a long dis-
tance in three sections (Figs. 1, 2, 3), being:

1. Section 1—The entire aponeurosis of the VI;

2. Section 2—The distal tendon of the rectus femoris; and
Section 3—The medial border of the patella and joint
capsule.

[O8]

Tendon of adductor magnus
Medial intermuscular septum

VM. This indicates the function of the medial femur as a gliding sur-
face for the contracting VM muscle units (*). The long nerve branch
to the VM (single yellow arrow) courses distally along the anterome-
dial border of the muscle and remains, in contrast to the saphenous
nerve (yellow double arrows), lateral to its superficial aponeurosis in
a separate fibrotic tunnel. The nerve branch to the VM becomes grad-
ually thinner as it gives up many side branches (thin yellow arrows)
to and between the muscle units (*) of the VM. Sections of the nerves
are underlined with black paper for better visualization. The sartorius
muscle (S) is transected showing the underlying femoral artery
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Two-layered
medial VI
aponeurosis

Fig. 2 Anterior and posterior insertion of the vastus medialis into the
aponeurosis of the vastus intermedius. a The distal right thigh proxi-
mal to the knee joint is shown. The vastus medialis (VM) is released
from its anterior insertion into the vastus intermedius (VI) and rectus
femoris (R) freeing the view to the multi-layered quadriceps tendon.
The insertions of the VM into the patella (P), the distal tendon of the
rectus femoris (R) reflected laterally and the vastus intermedius (VI)
are marked with blue, red and green dotted lines and arrows. The
green arrows indicate the anterior insertion of the VM (VM anterior)

The first section of this VM insertion was the largest and
expanded over the whole length of the VI aponeurosis. It
had a fleshy double insertion—a strong and large insertion
on the anterior side and a weaker insertion on the posterior
side of the VI aponeurosis. VM clamps the VI aponeurosis
like a clip holding a sheet of paper (clip-type double inser-
tion) (Figs. 2, 3, 4). This part of the VI insertion is broad
and strong especially on its anterior side (Figs. 2, 3). Dis-
tally, as more muscle fibres of the VM blended into the VI
aponeurosis, its medial part divided into deep and superfi-
cial layers. These two layers finally crossed over the lateral
part of the VI aponeurosis (Figs. 2, 3).

The second section of VM insertion occurs on the
medial edge of the most distal 52 mm of the rectus femo-
ris tendon (range = 40-61 mm, SD = 0.7) where the VM
blends its fibres on its upper and lower side (Figs. 2, 3).
Distally, this attachment continues into the third section of
the VM insertion at the medial border of the patella. An

VM posteior
insertion

Lateral VI
aponeurosis

into the aponeurosis of VI. Vastus lateralis (VL) and tensor vastus
intermedius (TVI) are also labelled. The fusing points of the different
layers of the quadriceps tendon are underlined with black paper for
better visualization. The blue headed needle perforates the medial VI
aponeurosis (see the exit point of the needle on b). b The VM is lifted
laterally showing the femoral side of the VI aponeurosis with the pos-
terior inserting VM muscle fibres (green arrow, VM posterior). The
medial femur is bare of muscle fibres and not an attachment site for
the VM

aponeurotic expansion of this section reinforces the cap-
sule of the knee joint (Figs. 2, 3). Proximally, the muscle
fibres of VM are aligned almost longitudinally to the axis
of the femoral shaft. Distally, the fibres run in an oblique
direction and near the end are almost transverse in orien-
tation. The VM consists of multiple muscle units, which
become more oblique in direction from proximal to distal
(Fig. 1).

The medial surface of the shaft of the femur is bare and
overstretched once by the medial part of the VI aponeuro-
sis and once by the inserting muscle fibres of VM (Figs. 1,
2b). The VM units, arising from the hammock-like origin
(as described above), are fleshy except for their lowest part,
where they run over the medial condyle of the femur and
the thin muscle sheet of the articularis genus. Here, the
VM consists of a gliding aponeurosis that generally merges
with the superficial layer of the medial VI aponeurosis and
laterally from the aponeurosis of the vastus lateralis. Both
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MEDIAL

Two-layered
medial VI
aponeurosis

Fig. 3 Insertion of the vastus medialis into the vastus intermedius
in relation to the other components and architecture of the extensor
apparatus of the knee joint. A cross section of a right thigh with the
extensor apparatus of the knee joint is shown (same specimen as in
Fig. 2). The vastus medialis (VM) is released from its anterior inser-
tion into the vastus intermedius (VI) and rectus femoris (R), thereby
freeing the view to the multi-layered quadriceps tendon. Insertions
of the VM into the patella (P), the distal tendon of R (reflected later-

Fig. 4 Schematic drawing of
the interaction between the
vastus medialis and vastus inter-
medius. Schematic drawing of
interaction between the vastus
medialis (VM) and vastus inter-
medius (VI). The hammock-like
origin (grey) and the fleshy
clip-type double insertion (red)
of VM into the VI aponeurosis
(green) is shown. VM cramps
the VI aponeurosis like a clip
holding a sheet of paper. The
medial surface of the femur is
bare of muscle fibres (see also
Fig. 1). This indicates the func-
tion of the medial femur as a
gliding surface for the contract-
ing VM muscle units (red)

of the VM into the VI

Clip-type double insertion

PROXIMAL

ally) and the VI are marked with blue, red and green arrows. The VM
inserts into the VI aponeurosis on its anterior (VM anterior) and pos-
terior (VM posterior) side. Blue headed needles mark the superficial
and deep medial layer of the VI aponeurosis, the tensor vastus inter-
medius (TVI) and the vastus lateralis (VL). Besides the VM, medial
parts of the VI directly contribute to the medial pull on the patella.
A corresponding schematic drawing of the three-layered quadriceps
tendon is shown at the rop right corner

Hammock-like origin of the VM

bony origin of the VM
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Fig. 5 Nerve supply to the
extensor apparatus of the knee
joint. The anterior view to a

left proximal thigh with the
nerve supply to the extensor
apparatus is shown. For better
visualization of the femoral
nerve branches, the sartorius (S)
and rectus femoris (R) muscles
were transected and elevated.
Some nerve branches are under-
lined with black paper. The red
sticker indicates the middle of
the neck of femur on the inter-
trochanteric line. The vastus
medialis (VM) is innervated

by the medial division of the
femoral nerve; this nerve branch
to the VM (yellow arrow) runs
along the anteromedial border
of the muscle. It separates from
the saphenous nerve (double
arrow) very proximally. Tensor
fasciae lata (T), gluteus medius
(G), vastus lateralis (VL) and
tensor vastus intermedius (TVI)
are also labelled

MEDIAL

DISTAL

build the superficial part of the intermediate layer of the
quadriceps tendon (Fig. 3).

Origin, course and insertion of the vastus intermedius
(VD)

The fibres of the VI arise from the anterior and lateral
aspects of the proximal two-thirds of the femoral shaft,
including the lateral lip of the linea aspera. Its attachment
to the medial femur is restricted to an area proximally and
is very close to the intertrochanteric line. The VI is a com-
plex multi-layered structure; the distal two-thirds of the VI
is covered by a strong aponeurosis which continues into
the quadriceps tendon. The medial part of this VI aponeu-
rosis is divided into a superficial and deep layer (Figs. 2,
3) and, together with the lateral part of the VI aponeurosis,
provides a wide area for the double insertion of the fleshy
fibres of the VM as described above (clip-type double
insertion of the VM into the VI) (Figs. 2, 3).

The thickness of the medial part of the VI aponeurosis
increases steadily from proximal to distal as more mus-
cle fibre units of the VM insert on both sides. Superficial
and deep layers of the medial VI aponeurosis fuse with
the aponeuroses of the tensor vastus intermedius and vas-
tus lateralis, respectively (Figs. 2, 3). Together they form
the two-layered intermediate layer of the quadriceps ten-
don. Therefore, the VI contributes firstly to the deep layer

Medial division of femoral nerve

Lateral division of femoral nerve

of the quadriceps tendon through its lateral part of the VI
aponeurosis and secondly to the intermediate layer of the
quadriceps tendon by its two-layered medial VI aponeu-
rosis (Figs. 2, 3). In two specimens, some distal fibres of
the superficial layer of the medial part of the VI aponeu-
rosis featured a completely separate aponeurosis, which
fused with the posterior gliding aponeurosis of the VM. It
emerged as the superficial sheet into the middle layer of
the quadriceps tendon. Multiple muscle bundles, up to six
in number, below the VI aponeurosis continued distally as
the articularis genus and did not merge into the quadriceps
tendon.

Innervation of VM and VI

In all specimens, the VM was innervated by the same
medial division of the femoral nerve. One long, thick
branch coursed distally in a fibrotic tunnel along the antero-
medial border of the muscle giving up many side branches
to and between the muscle portions of VM (Figs. 1, 5). A
second branch, which divided from the same medial divi-
sion of the femoral nerve, gave branches to the proximal
parts of the VM and to the medial parts of the VI (Fig. 5).
These branches had a short course and were often hidden
by branches of the lateral circumflex femoral artery.

In contrast to the medial part of VI, the lateral part was
innervated proximally by multiple short nerve branches



//doc.rero.ch

http

Fig. 6 Schematic drawings of
the extensor apparatus of the
knee joint. In these schematic
drawings, the blue, red and
green dotted lines indicate the
insertion sites of the vastus
medialis (VM). a As described
traditionally in anatomy
textbooks and the current lit-
erature. Vastus medialis longus
(VML) and vastus medialis
obliquus (VMO) are labelled.
b According to the present
study, besides the insertion
into the patella (P) (blue) and
quadriceps tendon (red), the
largest insertion expands over
the whole length of the vastus
intermedius (VI) aponeurosis
(green). This insertion has a
fleshy double insertion—a
strong and large insertion on the
anterior side and a weaker inser-
tion on the posterior side (see
also Figs. 2, 3, 4, 7b). Besides
the VM, medial parts of the VI
insert into the medial aspect
of the patella (see also Fig. 3).
The VM consists of “multiple
muscle units” (*), which are
orientated at various angles.
Rectus femoris (R), tensor
vastus intermedius (TVI) and
vastus lateralis (VL) are also
labelled

from the lateral division of the femoral nerve. The same
division supplied branches to the tensor vastus intermedius
(TVI) [10] and the vastus lateralis (Fig. 5).

Discussion

An important finding of the present study is that the inser-
tion of VM is not limited to the distal end of the quadriceps
tendon and the patella, as has been described in many text-
books of anatomy [37, 39, 41, 45]. In contrast, the insertion
of the VM expands from the joint capsule and the patella
to the medial edge of the rectus femoris and the aponeuro-
sis of the VI (Figs. 2, 3, 6). The fleshy muscle units of the
VM hold and pull the VI aponeurosis medially like a clip
holding a sheet of paper (Fig. 4). It could be said that the
VI aponeurosis is enclosed by the muscle fibres of the VM
and, therefore, is located deep to the muscle surface of the
VM (Figs. 2, 4). This leads to the impression, as described
in the literature, of the existence of an aponeurosis belong-
ing to the VM on its deep surface which is attached to the
medial border of the patella [4, 9, 23, 38, 43, 52]. The

present dissections revealed that this aponeurosis, which is
located in the interior of the VM muscle, in reality belongs
to the VI muscle (Figs. 2, 4).

The dilemma about the meaning of this “deep aponeu-
rosis” is highlighted by descriptions in the ancient litera-
ture. Gegenbaur [9] stated that in the upper part, VM mus-
cle fibres either merge in a terminal aponeurosis inside
the muscle that finally fuse with the lower third of the VI
aponeurosis or insert directly in the terminal tendon of
the VI [9]. Henle [16] illustrated that medial portions of
the extensor cruris (i.e. VM) blend in a vertically oriented
aponeurosis that belongs to the vastus anterior (i.e. VI)
[16]. An attachment of the VM muscle fibres into the VI
has also been mentioned by others [11, 24, 52, 53]. Modern
textbooks of anatomy do not show these findings (Fig. 6)
[37, 39, 41, 45].

The present results demonstrate that not only the VM,
but also substantial parts of the VI insert into the medial
aspect of the extensor apparatus of the knee joint (Fig. 3)
and, therefore, build strong counterparts to the lateral-
acting forces on the patella. This functions as a dynamic
medial stabilizer of the patella and is supported by the
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existing aponeurotic connections between the VM, VI and
the medial patellofemoral ligament [32, 34, 38, 42]—the
primary, static, medial restraint of the patella. Together,
these structures are activated during contraction of the
quadriceps, making the whole system of fundamental
importance for the stability of the medial patellofemoral
joint [38]. In view of the considerable interaction between
VM and VI, the importance of the VM as medial-acting
force is by no means restricted to the distal part of its mus-
cle fibres (Figs. 4, 6). These findings are in contrast to pre-
vious reports [18, 25, 26, 34].

These investigations revealed that the patellar insertion
of VM is very small compared to the distinct attachments
into the rectus femoris and, above all, into the aponeuro-
sis of the VI (Figs. 2, 3, 4, 6). Thus, the angle of the distal
fibres, which directly insert into the medial aspect of the
patella, does not place the muscle in a position to act as a
strong medial stabilizer [26, 30, 31, 37].

With regard to the orientation of its muscle fibres, the
direct force supplied by VM for extension of the knee joint
is limited [26]. In an in vitro study, Sakai et al. [44] stud-
ied the influence of weakness of the distal part of the VM
muscle on patellar tracking and reported that simulated VM
pull had little influence on patella tracking. Their finding
suggested that another factor must regulate or resist the
lateral displacement of the patella (Fig. 3). A biomechani-
cal study of the quadriceps using amputated specimens to
test the extensor capacity of the different components of
this muscle showed that all the long components were able
to extend the knee fully. However, the knee could not be
extended by the oblique fibres of the VM [26].

Little attention has been given to the proximal part of the
VM, in particular, its interaction with the VI. Most investi-
gations deal primarily with the distal part of the VM, which
is also termed vastus medialis obliquus (VMO) (Fig. 6) [3,
14, 26, 40, 46, 48, 50, 53]. We were not able to find a sepa-
rate innervation to the different sections of VM, nor a clearly
distinct fascial plane between the two heads. All the muscle
fibres of the VM were supplied by the same medial divi-
sion of the femoral nerve (Fig. 5). There is evidence that the
more distal fibres, because of their lever arm arrangement,
help to maintain patellar alignment. However, the cross-
sectional area of the proximal VM, where it inserts into the
aponeurosis of the VI, is much larger and could, therefore,
contribute as a strong stabilizer against the lateral patellar
forces. We propose that the VM consists of multiple muscle
units, with each muscle unit having its specific orientation.
The VM inserts through the VI along the longitudinal com-
ponents of the extensor apparatus at three sections (Figs. 4,
6). Based on these findings, the VM exerts a predominantly
medial pull on the longitudinal component of the quadriceps
muscle group (“medial pull-mechanism”).

Patients with lesions that affect the knee commonly
demonstrate visible atrophy of the VM prior to causing any
measurable decrease in the circumference of the thigh [26].
These patients also lack active full extension. This supports
the assertion by many authors and clinicians that the VM is
mainly active during the terminal range of extension, and
many exercise programmes to strengthen the knee extensor
muscles are based on this interpretation. However, there is
continued activation of VM throughout the range of motion
from 0 to 90° of flexion. The function of the interacting
VM and VI could also be the reason why electromyography
(EMG) studies showed continuous activation of the VM
during the entire gait cycle [15, 26, 27, 38, 47, 51]. Physi-
cal therapists often focus their therapy on enhancement of
VM activity over the rest of quadriceps muscles; however,
this is difficult to achieve [49]. EMG studies have shown
that all components of the quadriceps act in conjunction
and that none of the components are predominantly respon-
sible for fully extending the knee [26, 51].

The EMG observations in the literature, together with
findings of the present anatomical study, suggest that
the VM acts as an indirect extensor at the knee. It can be
hypothesized that by pulling the longitudinal components of
VI and rectus femoris medially and dorsally, the VM tight-
ens and shortens these quadriceps muscles, much like a belt
around the waist. Obviously, this shortening of the length
of the quadriceps (indirect extensor mechanism) is most
important during the terminal phase of extension.

It has been shown that nearly twice as much force is
needed by the quadriceps group to produce full extension
of the knee in comparison with extending the knee to only
15° of flexion [26]. This explains the importance of the
VM in the terminal range of extension where it is mostly
active. The VM triggers the longitudinal components of
the quadriceps muscle group by creating a pre-strain at the
terminal range of extension. Without this “shortening and
pre-straining mechanism” in the terminal phase of exten-
sion, the quadriceps muscles would be too long and not
sufficiently powerful to effect full extension of the knee
joint. In other words, the required orchestral shortening of
the quadriceps muscle group for full knee extension could
not be achieved by contraction of the muscle fibres (direct
extensor mechanism) alone. A simplified model of this
mechanism is shown in. Fig. 7 (see supplementary video
clip)

Figure. 7 Conversely, the length of the quadriceps mus-
cle group has to extend maximally to create full flexion at
the knee. Including the VM, the quadriceps muscle group
features an extraordinary mechanism to adjust its length
during the entire range of motion. Therefore, any dysfunc-
tion of the VM would automatically influence the whole
range of motion of the knee joint, which can be observed
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Fig. 7 Hypothetic simplified functional model of the extensor appa-
ratus of the knee joint based on the present anatomical findings. a In
a simplified example, the extensor apparatus of the knee joint works
like the conventional brake of a bicycle. b Unlike braking, however,
the action of the extensor apparatus of the knee joint leads to exten-
sion of the knee joint. ¢ A side pull (red arrow) on the longitudinal
cord that connects the braking handle with brake shoes would lead
to a pretension of the pulling mechanism and consequently to a more
efficient braking action. In other words, the braking action can be

in daily clinical practice. The regulative function of the VM
during the entire range of motion of the knee joint is indis-
pensable and explains why the VM, of all the quadriceps
components, atrophies most rapidly due to inactivity, loss
of knee extension after trauma or surgery, or after effusion
in the joint. Similarly, failure of the VM can lead to restric-
tions in knee joint range of motion.

The medial surface of the femur is, in contrast to some
descriptions in the literature [26, 36, 54, 55] * bare of muscle
attachments. This indicates its function as a gliding surface for
the mediodorsally contracting VM muscle units (Figs. 1, 4).

The results of this study should also influence the radio-
logical interpretation of MRI transections of the extensor
apparatus (Fig. 8). The medial aponeurosis of the VI, tra-
ditionally regarded as an intermuscular septum or space
between the VI and VM [2, 6, 36, 56], does not correspond
to the intermuscular plane between these two muscles

controlled by the side pull (red arrow) on the cord. With regard to the
extensor mechanism of the knee joint, this control function is adopted
by the vastus medialis (VM) muscle. Due to its medial and dorsal pull
(red arrow) on the longitudinal components of the quadriceps muscle
group, the VM influences the length, effectiveness and power of the
extensor apparatus of the knee joint. This shortening of the quadri-
ceps muscle group is most important during the terminal range of
extension c. Thus, the VM regulates the extensor apparatus during the
entire range of knee joint motion.

(Fig. 7). This is due to the double attachment of the VM
into the VI aponeurosis (the clip-type double insertion
shown in Figs. 2, 4). The VM and VI form a functional con-
nection. This interpretation is supported by the innervation
pattern of both muscles (Fig. 5). With regard to its innerva-
tion, the VI can also be divided into a medial and lateral
section [10-13].

The functions of the VM can be summarized as follows:

1. The VM is an effective indirect extensor of the knee
joint, mainly important during the terminal phase of
extension (Pretension).

2. The VM adjusts the length of the quadriceps muscle
group and regulates the knee joint during the entire
range of motion.

3. VM (together with the VI) represents a dynamic
restraint to lateral tracking of the patella.
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Fig.8 MRI cross section of the extensor apparatus of the knee
joint. a MRI cross section through the middle third of the right thigh
(marked with colour) is shown. b The same cross section as Fig. 7a
but marked with colour. The aponeurosis of the vastus intermedius
(VD) is labelled green, and the tensor vastus intermedius (TVI) blue.
Vastus lateralis (VL) is also labelled. Vastus medialis (VM) inserts
into the VI aponeurosis (green) on its anterior and posterior side (*),

Figure. 8 Most modern anatomy textbooks do not reflect
the complex anatomy and interaction between the differ-
ent muscle components of the quadriceps group. Classical
anatomy has defined each muscle as a separate entity with a
unique function at the joint it spans, so it is common to view
muscles as mechanically independent actuators. As a result,
many musculoskeletal models have been developed based
on a simplified view of the human quadriceps anatomy [7,
22, 35, 47]. However, in the last decade, the potential of
force transmission between synergistic skeletal muscles
through connective tissue linkage has been demonstrated
[20, 29, 57].

The interaction between the VM and VI, with its respon-
sibility for the extension of the knee joint and influence on
the patellofemoral function, leads to a ready understand-
ing of common clinical problems found at the knee joint as
the body attempts to meet contradictory demands for both
mobility and stability. The results of this study have many
implications including the understanding and treatment of
patellofemoral instability, therapy for knee malfunction or
knee stiffness after trauma or surgery, the choice of surgi-
cal approach to the femur and knee joint, treatment of the
extensor apparatus in knee revision settings and radio-
logical interpretation of MRI transections of the extensor
apparatus.

The present study has few limitations, in which one
important limitation is that the quadriceps tendon was
investigated in embalmed cadaveric specimens from elderly
donors. Age-related muscle atrophy may well have dis-
torted some results. In addition, embalmed tissue has been
reported to shrink by between 2 and 12% [5, 8]. This could
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but also into the rectus femoris muscle (R). The thick red dotted line
corresponds to the hammock-like origin of the medial intermuscular
septum and medial lip of the linea aspera (red dot). The red arrows
indicate the direction of VM pull on the longitudinal components of
the extensor apparatus of the knee joint (from anterior, lateral and dis-
tal to medial, dorsal and proximal)

have affected absolute values for variables such as meas-
ured distances. Nevertheless, the fundamental architecture
of the quadriceps muscle group is likely to have been pre-
served. Considering the complexity of the extensor appara-
tus of the knee joint, further investigation of its morphol-
ogy in healthy young individuals is warranted.

Conclusion

Comprehension of the function and architecture of the
quadriceps muscle group is strongly linked with an under-
standing of the anatomy of the VM and VI. VM consists of
multiple muscle units inserting into the entire VI aponeu-
rosis. Together, VM and VI build a potential functional
muscular complex. From an anatomical point of view, it
can be suggested that the VM acts as an indirect extensor
of the knee joint, regulating and adjusting the length of the
extensor apparatus throughout the entire range of motion.
It is of clinical importance that besides the VM, substantial
parts of the VI directly contribute to the medial pull on the
patella and help to maintain medial tracking of the patella
during knee extension. Surgery or trauma in the antero-
medial aspect of the quadriceps muscle group might alter
a delicate interplay between the VM and VI, which would
affect the extensor apparatus as a whole.
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