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Abstract Most descriptions of the extensor mechanism

of the knee do not take into account its complexity and

variability. The quadriceps femoris insertion into the

patella is said to be through a common tendon with a three-

layered arrangement: rectus femoris (RF) most superfi-

cially, vastus medialis (VM) and lateralis (VL) in the

intermediate layer, and vastus intermedius (VI) most

deeply. We dissected 20 limbs from 17 cadavers to provide

a more detailed description of the anterior components of

the knee: the tendon, the patellar retinacula, and the

patellofemoral ligaments. Only three of the 20 specimens

exhibited the typically described quadriceps pattern. The

remainder had bilaminar and even more complex trilaminar

and tetralaminar fiber arrangements. We found an oblique

head of the vastus lateralis (VLO), separated from the

longitudinal head by a layer of fat or fascia, in 60% of the

specimens. However, we found no distinct oblique head of

the vastus medialis (VMO) in any specimen. The medial

patellofemoral ligament (MPFL) was more common than

the lateral (LPFL), supporting its suggested role as the

principal passive medial stabilizer of the patella. Because

the quadriceps muscle group plays a direct role in

patellofemoral joint function, investigation into the clinical

applications of its highly variable anatomy may be

worthwhile with respect to joint dysfunction and failures of

TKAs.

Introduction

The failure of many surgical procedures (eg, TKA) on the

knee is believed to originate frequently in disorders of the

mechanics of the joint. Patellar instability, including sub-

luxation and maltracking, relates to the imbalance of the

soft tissues. With its incidence being reported as much as

29% after TKAs, patellar instability is one of the most

common problems after these procedures [26]. Atrophy

[31], weakness [12], and a more proximal attachment of the

VMO [13] and overdevelopment of the VL [20] have been

suggested as causes of patellofemoral dysfunction. How-

ever, there are other components of the extensor

mechanism that also could be implicated.

Farahmand et al. [12] noted the lack of data that may be

used for the design or assessment of surgical procedures

involving the patellofemoral joint stemming from a short-

age of studies relating to joint structure and the balance

among the quadriceps muscle components. Currently,

much of the literature describes the quadriceps femoris

insertion into the patella as a common tendon with a three-

layered arrangement: RF being the most superficial, VMO
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and VL forming the intermediate, and VI being the deep

layer. The true insertion of the quadriceps femoris is into

the tibial tubercle, but convention considers it as inserting

into the patella (Fig. 1) through the quadriceps tendon or

the suprapatellar tendon, and the part distal to the sesamoid

bone is known as the patellar ligament (ligamentum

patellae), patellar tendon, or infrapatellar tendon.

Improvement of surgical techniques and prosthetic

designs in procedures such as the TKA requires more

detailed analyses of the extensor mechanism. Such analy-

ses must stem from refined and realistic assumptions that

are based on foundational documentation of variations in

quadriceps muscle forces and directionality. There is con-

siderable evidence that alterations in the forces generated

by the quadriceps bellies can affect patellofemoral joint

function [1]. Parameters such as the physiologic cross-

sectional area, a proxy measure for potential muscle force,

and the angles formed by the fibers of the VMO and VLO

and the longitudinal axis had significant variation among

individuals in a cadaver study [12]. In addition, the quality

of the static structures of the knee such as the medial and

lateral retinacula and the closely associated patellofemoral

ligaments appear to have a significant role in joint stability

[2, 13]. If this is true with the large variations studied so

far, it is reasonable to hypothesize that smaller variations

would have similar, if more subtle, effects. However, to the

best of our knowledge, this has not been investigated even

though anatomic variations in the tendinous insertions of

the quadriceps heads on and around the patella, and asso-

ciated soft tissues, might affect the mechanics of the joint.

We examined the normal variability of several anatomic

structures that may influence knee mechanics: (1) the

presence or absence of distinct oblique portions of the VM

and VL; (2) the anteroposterior (AP) relationships of the

four quadriceps tendon components, reflected in their

laminar patterns; and (3) the presence or absence of MPFL

and LPFL.

The following is an overview and our collation of

numerous published descriptions of the quadriceps inser-

tion on and around the patella.

Fig. 1A–D A schematic is shown of

the various patterns of the layers of the

quadriceps tendon. (A) A sagittal sec-

tion of the patella and its relation to

the quadriceps and patellar tendons is

illustrated. (B) Bilaminar, (C) trilami-

nar, and (D) quadrilaminar patterns

of the quadriceps tendon are shown.

R = Rectus femoris, L = Vastus latera-

lis, M = Vastus medialis, I = Vastus

intermedius.
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The Superficial Layer of the Quadriceps Tendon

The RF, the most superficial muscle of the quadriceps

group, inserts into the anterior portion of the base and the

superior third of the anterior surface of the patella [3, 13,

40] in one of three possible ways. One description is the RF

tendon attaches in part to the patella and the remainder

continues superficial to the patella to join the ligamentum

patellae [10]. A second interpretation is the RF tendon

fuses with the tendon of VI to form a unilaminar supra-

patellar tendon, either receiving some fibers from the VL

and VM [18] or separately from the VL and VM tendons’

attachment to the patella [21]. A third description of the

superficial quadriceps tendon insertion is it joins the ten-

dons of the other quadriceps muscles to form a trilaminar

tendon [9, 13]. The superficial fibers of this common ten-

dinous attachment (unilaminar or trilaminar) continue over

the patella and become continuous with the patellar liga-

ment [9, 12, 13, 21, 28, 37, 38, 40].

The Intermediate Layer of the Quadriceps Tendon

Centrally, the VL and VM unite to form a continuous

aponeurosis that inserts into the base of the patella, just

posterior to the insertion of RF, and also continues laterally

and medially to insert into the sides of the patella [13].

More laterally, the VL ends in an aponeurosis that

blends with the lateral side of the suprapatellar [21] or RF

[18] tendon and sends an expansion distally to the super-

olateral side of the patella [3, 4, 12, 18, 37]. Other fibers

cross superficial to the patella and attach to the medial

condyle of the tibia [9]. The lateral expansion of VL then

blends with the capsule of the knee [21], thereby forming

part of the lateral patellar retinaculum [3, 4, 18, 37].

Most fibers of the VM end in an aponeurosis that blends

with the medial side of the suprapatellar tendon [21] or the

RF tendon [13, 31]. The most distal fibers attach directly to

the medial edge of the patella and extend more distally than

fibers originating from any other part of the quadriceps

group [10, 37]. From the distal edge of the VM, a tendinous

expansion passes along the medial side of the patella. Deep

fibers of this expansion reinforce the joint capsule as part of

the medial patellar retinaculum [3, 4, 12, 13, 18, 46]. The

obliquely oriented fibers derived from the more superficial

VMO contribute to medial patellar stability through their

contribution to the superficial layer of the MPFL [28].

Other tendinous fibers pass obliquely across the patella to

attach to the lateral tibial condyle [9].

The most distal muscle fibers of the VM often are

referred to as the VMO [3, 12, 13, 19, 20, 31, 44]. Unlike

the situation with the VLO, it often is difficult to dis-

criminate between the oblique and longitudinal heads of

the VM because of the variability in the presence of a

division such as a thin layer of fat or fascia or a nerve

branch between the two heads [13, 18, 31, 44]. There is

controversy regarding whether the VMO is a separate

muscle with separate innervation because some anatomic

studies fail to support such an idea [19, 22, 31]. Andrikoula

et al. [3] claim the presence of a fascial plane mentioned in

other studies is the result of a distal-proximal dissection

that does not allow one to distinguish between a fascial

separation and the lateral portion of a tunnel surrounding

the sartorius.

Although surgeons and anatomists often accept the

presence of VMO, little attention is paid to the VLO [13].

This is an anatomically distinct group of VL fibers, which

is separated from the main belly of the VL by either a thin

layer of fat or loose fascia [13, 16] or by a distinct change

in fiber orientation [12]. Some describe this muscle group

as originating from the lateral intermuscular septum [13],

whereas others describe its origin as being from the ilio-

tibial tract (ITT) [12]. These fibers are believed to be

important because they provide a more direct lateral pull

on the extensor mechanism [13], because they have a more

lateral insertion on the patella than the longitudinal head of

the VL [12, 44].

The Deep Layer of the Quadriceps Tendon

The VI has an intimate origin with VL proximally and the

lateral intermuscular septum distally. It inserts through a

broad, thin tendon into the base of the patella posterior to

the VL and VM [13, 18, 40] or merged with them [10].

Jones [21] stated the VI also may join with the RF to form

the suprapatellar tendon, which inserts on the base of the

patella. Medially and laterally, this insertion reinforces the

patellofemoral ligaments [13].

Quadriceps Tendon as a Whole

Figure 2 is a scheme illustrating the approximate areas of

attachment of the quadriceps tendon components onto the

base and sides of the patella. These areas are derived from

previously published descriptions by Brizon and Castaing

[9] and Segal and Jacob [35]. Fibers that run across the

anterior surface of the patella to join the patellar ligament,

or which cross the anterior surface diagonally, are not

shown.

The four muscular elements of the quadriceps fuse to

form the quadriceps tendon [3, 4, 9, 12, 13, 18, 37, 39,

40] 2 cm proximal to the patella [16]. Some authors

suggest the three layers of the quadriceps tendon remain

distinct to their insertion into the patella [13, 47]. In
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addition, MRI has shown the tendon has more lamination

in its midline and medial aspects than its lateral aspects

[47]. The quadriceps tendon includes contributions from

the RF superficially, the VM and VL intermediately, and

the VI deeply [3, 4, 9, 37]. Zeiss et al. [47] described the

superficial layer of the quadriceps tendon as originating

from the thickening of the deep fascia posterior to the

RF, the deep layer from the anterior thickening of the

deep fascia anterior to the VI, and the middle layers

originating from the thickening of the fascia posterior to

the VM and VL. The tendinous fibers of the three layers

crisscross and meet along their edges to insert into the

proximal part of the patella [9]. However, Standring [39]

did not describe the quadriceps tendon as having any

laminations, but rather said the components come toge-

ther to form one structure attached to the sides and base

of the patella.

Although the usual description of the quadriceps tendon

includes three layers, a MRI study [47] revealed only 56%

of the subjects presented with a trilaminar appearance.

Thirty percent presented with only two different fiber

planes, 5% presented with a four-layered quadriceps ten-

don, and 7% were classified as having one layer because no

fascial boundaries could be distinguished. In addition,

Zeiss et al. [47] reported each layer of the quadriceps

tendon is composed of fibers from more than one of the

quadriceps muscles. For example, the intermediate layer

usually is described as receiving fibers from the tendons of

the VL and VM, but according to Zeiss et al. [47], the

intermediate layer also received contributions from the RF

and VI. Moreover, Zeiss et al. [47] noted the thickness of

the fascial layers inserting into the patella correlated to the

number of fiber layers joining to form each one. However,

because the MRI slices were 3 or 5 mm thick, partial

volume effects could have obscured some fascial planes

and made it appear there were fewer layers than actually

existed.

Fibrous Layers Superficial to the Quadriceps Tendon

and Related Structures

The fibrous layers that cover the knee anteriorly consist of

three separate, distinguishable layers [3, 8]. The deep

anterior fibrous layer, which is actually medial and lateral

to the patella, is made up of the patellofemoral [40] and

meniscopatellar ligaments [8]. The MPFL is larger and

stronger than the LPFL [8, 40].

The intermediate layer is subdivided into deep and

superficial midline layers. The deep midline layer is com-

prised of the fibers creating the quadriceps and patellar

tendons and the crossed fibers of the VM and VL traveling

to the tibial condyles of the opposite side (Figs. 3, 4) [3, 12,

40]. Laterally, the superficial midline layer is a thick

extension of the ITT. Medially, the superficial midline

layer is a thin expansion from the sartorius that connects to

the fascia lata [8].

Fig. 2 The approximate areas of attachment of the quadriceps tendon

components onto the base and sides of the patella are superimposed

on photographs of the bone. RF = Rectus femoris, VL = Vastus

lateralis, VM = Vastus medialis, VI = Vastus intermedius, L =

Lateral, S = Superior, M = Medial.

Fig. 3 Tendon fibers from the VL run inferomedially across the

patella (*) toward the medial tibial condyle. S = Superior, M =

Medial.

Fig. 4 Tendon fibers from the VM (arrows) run inferolaterally across

the patella toward the lateral tibial condyle. A = Anterior, I = Inferior.
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The superficial aponeurotic layer is a continuation of the

fascia lata proximally and the crural fascia distally [8].

Because casual examinations have led us to believe

formation of the quadriceps tendon often is quite different

from the way it usually is described, we performed an

anatomic study to describe variations in the quadriceps

insertion on the patella and to describe other soft tissues of

the extensor mechanism.

Materials and Methods

We selected 20 lower limbs from 17 individuals from

among cadavers that previously had been dissected by

students in the anatomy laboratory at Drexel University

College of Medicine; in no case did the dissections affect

the anterior tissues superficial to the knee. The cadaveric

specimens were from 11 females and six males; the mean

age was 86.3 ± 10.3 years; 11 specimens came from the

right limb and nine specimens came from the left limb. The

specimens had been embalmed with a solution containing

formalin, phenol, glycerin, and ethanol. All were inspected

visually to ensure the extensor mechanism of the knee was

intact and not disturbed. A section of the limb including the

knee was collected by cutting through it at midthigh and

approximately 15 cm distal to the tibial tubercle. All

bodies had been donated for education and research

through the Humanity Gifts Registry of the Commonwealth

of Pennsylvania (formerly the Anatomical Board), and this

study was approved by the Drexel University Institutional

Review Board.

All remaining skin and superficial fascia was stripped

away until the fascia lata and crural fascia were visible.

These fascial layers then were dissected to reveal the fascia

contributing to the extensor mechanism. The two sublayers

of the intermediate fascial layer could not be identified in

some specimens, but fibers that could be distinguished

were noted.

Once the epimysium of the muscles was bluntly dis-

sected away, the muscle fiber orientations were noted and

documented as were the presence of distinct oblique and

longitudinal heads of VM and VL. The RF then was

bisected longitudinally using a pair of scissors to the point

where it joined the common tendon. The fused VM and VL

tendons were bisected using scissors to the point where

they reached the common tendon of the quadriceps femo-

ris. The laminar appearance, composition, and order were

observed and recorded.

On the medial and lateral aspects of the thigh, the deep

fibrous layer was bluntly dissected to search for the MPFL

and LPFL. They were noted as being present when there

was a distinct horizontal thickening in the deep fibrous

layer that was not easily destroyed with blunt dissection.

Once all fibrous layers were described and recorded, we

bisected the quadriceps tendon to the base of the patella

and completely bisected the patella vertically by cutting

through it with a razor saw. The two halves were spread so

the composition of the fibrous layers and their insertion

into the patella could be described and recorded.

Results

We observed no discernible fat or fascial plane separating

the oblique and longitudinal heads of the VM in any of

the specimens, although a progressive change in fiber

orientation led to a distinct difference between the prox-

imal and distal fibers. Twelve of the 20 specimens had an

independent and identifiable group of obliquely oriented

muscle fibers originating from the lateral intermuscular

septum in the distal thigh forming the VLO (Table 1;

Fig. 5). These fibers were separated from the main body

of VL by a thin plane of fatty tissue. In 11 of those

specimens, these oblique fibers blended with the common

tendon of the quadriceps femoris at the superolateral

corner of the patella. In the twelfth, the muscle fibers

blended with the tendinous part of VL to ultimately insert

in that same area.

Of the 20 cadaveric specimens, six had a bilaminar

quadriceps tendon (Table 1; Figs. 1, 6) rather than a tri-

laminar tendon. There were three distinct lamination

patterns in the bilaminar quadriceps tendons. In four of

the specimens, the VM and VL joined the RF to create the

superficial layer, whereas the VI alone contributed to the

deep layer. In a fifth specimen, all four muscle groups sent

contributing fibers to the superficial lamina, whereas the VI

was the sole contributor to the deep lamina. The sixth bi-

laminar quadriceps tendon was characterized by the VM

contributing to the superficial and deep layers.

Eleven specimens had a trilaminar quadriceps tendon,

but only three of those tendons had the traditionally de-

scribed three-layered arrangement [9–11, 13, 34, 35, 40]

with the superficial layer consisting of RF, intermediate

layer of the VM and VL, and deep layer of the VI (Table 1;

Figs. 1, 7, 8). The other eight had a more complex orga-

nization of muscle fibers (Table 1; Fig. 1). One specimen

had a fiber arrangement in which the VL was the only

muscle contributing to the intermediate layer, because the

fibers of the VM joined those of the RF to create the

superficial layer. In four other specimens, the tendinous

layers from the VM and VL contributed to the superficial

and intermediate layers of the quadriceps tendon. One

specimen had a lamination pattern in which the RF con-

tributed to the superficial and intermediate quadriceps

layers. The superficial layer of two of the quadriceps ten-

dons contained fibers from the RF and VM. In one of these
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specimens, the VI split and joined the VM and VL to create

the intermediate layer.

Three of the specimens had a quadriceps tendon com-

prised of four distinct fascial layers (Table 1; Fig. 1). Two

of these specimens had a similar arrangement with the RF

and the superficial VM fibers combining to create the

superficial layer, the VL alone creating a second layer, the

remaining part of the VM constituting the third layer, and

the VI becoming the deep layer. The third specimen with a

Fig. 5 The LPFL is lifted by the hemostat. The curved arrows

indicate the fascial plane separating the oblique and longitudinal

heads of the VL. A = Anterior, I = Inferior.

Fig. 6 This is an example of a two-layered quadriceps tendon whose

superficial (S) and deep (D) layers fuse proximal to the patella.

Articularis genus (lower curved arrow) and fibers from the VM (upper

curved arrow) can be seen inserting into the suprapatellar bursa (*).

A = Anterior, S = Superior.

Table 1. Subject characteristics and anatomic observations

Age

(years)

Gender Side Number

of tendon

layers

Superficial layer Intermediate

components

Deep

components

VLO VMO MPFL LPFL

82 F L 3 RF VL, VM VI X X

82 F R 2 RF, VM, VL VI X

99 F R 3 RF VL, VM VI X X X

92 F L 3 RF, VM, VL VL, VM VI

90 M R 3 RF, VM, VL VL, VM Vi X

82 M R 3 RF RF, VL, VM VM, VI X X

82 F L 3 RF, VM, VL VL, VM VI

86 F L 2 RF, VM, VL VI X

78 M R 3 RF, VM, VL VL, VM Vi X

86 F L 3 RF, VM, VI VL VI

56 F L 2 RF, VM, VL VI X

56* F R 2 RF, VM, VL VI

80* M R 2 RF, VM, VL, VI VI X

99 F R 3 RF, VM VL and (VM and VI) VI X X

85 M R 4 RF, VM Layer 2, VL; layer 3, VM VI X X

92 M R 4 RF, VM Layer 2, VL; layer 3, VM VI X

87 F L 3 RF w/ VM joining

distally

VL and deep fibers of VM VI X X

91 F R 4 RF Layer 2, VL (superficial),

VM; layer 3, VL (deep)

VI X

91 F L 3 RF VL, VM VI X

100 F L 2 RF, VM, VL VM, VI X X

* Observations on the presence or absence of the MPFL could not be made because of previous dissection of these two specimens; VLO, oblique

head of vastus lateralis; VMO, oblique head of the vastus medialis; MPFL, medial patellofemoral ligament; LPFL, lateral patellofemoral

ligament; F, female; M, male; L, left; R, right; RF, rectus femoris; VM, vastus medialis; VL, vastus lateralis; VI, vastus intermedius.
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tetralaminar quadriceps arrangement had the RF forming

the superficial layer and the VM in the intermediate layer.

The VL, however, split to create two intermediate layers,

one of which blended with the VM in the midline and one

of which was deeper. The VI formed the deepest layer.

In all specimens, the quadriceps tendon was most lam-

inated proximally and in the midline. The tendons of the

quadriceps muscles first began to fuse several centimeters

proximal to the patella on the medial and lateral sides; and

as the tendinous layers continued distally, they fused closer

to and then in the midline. Some variability was observed

at the quadriceps tendon’s insertion into the patella. At its

insertion, it always is composed of one common tendon

(Figs. 6–8), except for two specimens in which distinct

fascial planes separated the laminae. There also was vari-

ability in the distance from the patella at which the fascial

planes fused into one bundle in the midline. These dis-

tances ranged from less than 1 cm to approximately

5.5 cm. Once the layers fused to form a common tendon, it

generally remained intact all the way to its insertion on and

around the patella. Nevertheless, in the common tendon,

there could be some variability in the fascial planes. There

was one specimen in which a group of fibers from the

intermediate layer joined the deep layer. Another specimen

with a bilaminar proximal arrangement had a trilaminar

arrangement distally because a loose fascial plane sepa-

rated the deep layer into two distinguishable planes, but

before they reached the patella, all the layers had merged.

The regions of the MPFL and LPFL in 18 of the 20

specimens studied were suitable for determining the pres-

ence and nature of the ligaments. Of those excluded, one

was from a subject who had a TKA, and in the other, the

deep fibrous layer was completely dissected before this

study. Twelve of the 18 specimens had intact, observable

MPFLs (Table 1; Figs. 9–11), but only one had an intact

and observable LPFL (Table 1; Fig. 5). The MPFL and

LPFL contributed to the deepest fiber layer of the knee and

appeared fused to the fibrous layer of the joint capsule.

Each MPFL ran from the medial epicondylar region of the

Fig. 7 In this three-layered quadriceps tendon, the layers remain

distinct until they come together and fuse into one tendon proximal to

the patella. The superficial (S), intermediate (I), and deep (D) layers

are indicated. Su = Superior.

Fig. 8 In this specimen with a three-layered quadriceps tendon, the

layers fuse into a single tendon proximal to the patella, but a bundle of

fibers (unlabeled short arrow) first passes from the VI to the

intermediate layer joining the VL and VM. The superficial (S),

intermediate (I), and deep (D) layers are indicated. Su = Superior.

Fig. 9 The medial patellofemoral ligament (MPFL) runs between the

medial femoral epicondyle and the superolateral corner of the patella

(*). It is partially covered by VM, which sends a fascial expansion to

the ligament. A = Anterior, S = Superior.

Fig. 10 In this specimen the MPFL is a very wide band attaching to

the medial femoral epicondyle anteroinferior to the adductor tubercle

(+). VM = vastus medialis, A = Anterior, S = Superior.

Volume 467, Number 12, December 2009 The Extensor Apparatus of the Knee 3303

123



femur near the adductor tubercle to, with one exception, the

deep aspect of the VMO and the patella (Fig. 9). In the one

exception, all of the MPFL fibers attached directly to the

patella. The patellar attachment was, in all specimens, on

the deep-medial border of the bone. In the specimen with

an MPFL and LPFL present, the MPFL was visibly the

larger and stronger of the two.

Discussion

This study was done to gather data on the anatomic vari-

ability of the extensor apparatus to provide a basis for

further investigation of the roles such variations might play

in complications of TKA and other procedures. Specifically

we explored: (1) the presence or absence of distinct oblique

portions of the VM and VL; (2) the AP relationships of the

four quadriceps tendon components, reflected in their

laminar patterns; and (3) the presence or absence of the

MPFL and LPFL.

We acknowledge several limitations. First, connective

tissue properties are altered by the fixation process in

embalming specimens. This can affect strength of fasciae,

but there is no evidence that it alters the visible relation-

ships. Second, this is an elderly subject population. It is

possible that the features described could change with time

and that different results might be obtained in a young

group of knees.

The observations of this study are consistent with those

in studies that deny the existence of an observable, ana-

tomically distinct VMO [13, 18, 22, 31]. Nevertheless, the

fiber orientation in the distal part of the muscle is notice-

ably more horizontal than in the proximal part, and there is

considerable evidence the distal part has a role in main-

taining patellar alignment [24]. The distal part, which can

be considered the functional equivalent of the VMO, has its

own motor point, is a relatively weak extensor, inserts into

the medial border of the patella [23], is more active at 90�
flexion than the rest of quadriceps [22], and pulls the

patella medially [15, 17, 25]. Although Peeler et al. [31]

said there was no sign of a separate nerve entering the

VMO, numerous authors disagree [16, 17, 20, 41, 44].

Also, a large number of anatomic atlases and texts have

included illustrations that show numerous twigs from the

nerve to the VM entering the muscle along its length [7, 29,

33–36, 39, 43]. Therefore, it is reasonable to conclude,

even in the absence of a separate, anatomically identifiable

muscle which could be called the VMO, that the distal

portion of the VM functions differently from the rest and

can be thought of as the VMO in a practical context. Our

observations support reports of two heads of the VL in

some subjects [5, 12, 13, 16]. Although a clear distinction

between the heads often can be made, we found no evi-

dence they have separate innervation. The VL is served by

one branch of the femoral nerve, which divides and sub-

divides so four twigs enter the muscle [7, 30]. All of them

enter in the upper or middle part, ramifying within the

fleshy substance. There was no sign of a separate nerve to

the VLO, although one or more of the twigs could have

innervated that part. Hollinshead [18] made a similar

observation of the VL innervation, although he said there

could be as many as three separate branches of the femoral

nerve, all entering in the upper third. With electromyog-

raphy, the VLO, like the VMO, was particularly active at

90� flexion indicating that the two muscles work together

to maintain patellar stability [6].

This and previous studies differ in the observation of the

variation and complexity of the quadriceps tendon

arrangements. The only previous study that mentions var-

iability in the laminar arrangement of the quadriceps

tendon was that of Zeiss et al. [47], but although they

described similar quadriceps fiber arrangements, the

question arises regarding whether these two studies actu-

ally are describing the same objects. It is possible that in

MRI studies imaging issues such as voxel size and partial

volume effects cause other factors to look like the forma-

tion of anatomic layers. This can be answered by a study in

which knees are imaged and then dissected. Evaluation of

the clinical consequences of these anatomic differences

may be worth investigating, because differences in the

laminations and insertions of the quadriceps into the patella

could affect patellar motion through differences in the

angle and magnitude of the forces acting on it and thus be a

predisposing factor for PFJ dysfunction such as patellar

maltracking and TKA failure.

The MPLF could be identified in 66.7% (12 of 18) of our

limbs.Various reports, as reviewed by Amis et al. [2], give

differing frequencies of its presence for reasons that are not

Fig. 11 The MPFL (arrow) has an extensive connection to the VM

before it reaches the patella. + = Adductor tubercle, A = Anterior, S =

Superior.
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clear. When it is present, it exhibits considerable strength

and contributes approximately 55% of the passive soft tis-

sue resistance to lateral patellar subluxation [1]. The

MPFL’s intimate relationship with the VMO as observed in

this and other studies, its tensile strength, and its prevalence

continue to support its role as a strong medial static stabi-

lizer of the patella [3, 13, 16, 28]. In agreement with

previous descriptions, the MPFL also was larger and more

easily defined during dissection than the LPFL [8]. Other

authors imply the LPFL is present in approximately two-

thirds of knees [27, 32], therefore we were surprised to see it

in only one specimen in our study. One possible explanation

is we did not consider it present simply when horizontal

fibers were seen in that region; we also used a crude test of

strength. Others therefore might have concluded it was

more common in our sample. Another possible explanation

for the discrepancy could relate to the varying descriptions

of its location. Fulkerson and Gossling [14], for example,

stated the LPFL is the deep layer of the lateral patellar

retinaculum distinct from the fibrous capsular layer of the

knee. However, others state it is part of the knee capsule

[27, 32, 42]. The LPFL we describe was extracapsular but at

least partially fused with the fibrous layer.

TKA designs and surgical techniques have been based

largely on assumptions regarding the sizes and proportions

of the bony surfaces and a generalized model of extensor

mechanism structure and function. Our study showed the

extensor mechanism should be redefined in light of the

considerable variations we observed. If the retinacular

structures, patellofemoral ligaments, and the quadriceps

muscles have major variability in bulk, directionality, and

resultant force, these factors may have a direct influence on

the surgical outcome. The lack of a reliable classification

system of extensor mechanism anatomy and its relation to

function has prevented testing of this hypothesis. Ulti-

mately, the clinical importance of any of these structures or

relationships, alone or in combination, can be assessed only

by developing valid noninvasive imaging tools for use in

large populations. Willan et al. [45] called for combining

current anatomic data sets with advanced imaging tech-

niques such as three-dimensional imaging. Such data,

based on imaging of each individual’s structures, could

provide a basis for prospective clinical trials of clinical

protocols and devices directed at adapting to subtle

variations.
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