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Abstract

Purpose The scientific literature concerning the anatomy of medial soft-tissue stabilizers of the patella is growing exponen-
tially. Much of the surgical literature has focused on the role of the medial patellofemoral ligament (MPFL) and techniques
to reconstruct it, yet our understanding of its anatomy has evolved during the past several years. Given this, we report on the
current understanding of medial patellofemoral anatomy and implications for reconstruction.

Methods Current and historical studies of medial patellar anatomy were reviewed, which include the MPFL and medial
quadriceps tendon femoral ligament (MQTFL), as well as that of the distal medial patellar restraints, the medial patellotibial
ligament (MPTL) and medial patellomeniscal ligament (MPML). In addition to the reported findings, the authors’ anatomic
descriptions of each ligament during their dissections were identified and recorded.

Results Despite the name of the MPFL, which implies that the ligament courses between the femur and patella, recent stud-
ies have highlighted the proximal MPFL fibers that attach to the quadriceps tendon, known as the MQTFL. The MPFL and
MQTFL have also been referred to as the medial patellofemoral complex, reflecting the variability in anatomical attachment
sites. The MPFL accounts for only half of the total restraint to lateral patellar displacement, and the remaining contributions
to patellar stability are derived from the combination of the MPTL and MPML, which function primarily in greater degrees
of knee flexion.

Conclusion The understanding of the complexity of the medial patellar stabilizers continues to evolve. Although MPFL
reconstruction is gaining wide acceptance as a procedure to treat patellar instability, it is important to recognize the complex
and changing understanding of the anatomy of the medial soft-tissue stabilizers and the implications for reconstruction.
Level of evidence V.

Keywords Anatomy - Knee - Medial patellofemoral ligament - Patellar instability - Reconstruction - Restraints - Soft
tissue - Stabilizers

Introduction [41] as a condensation of fibers extending from the medial

epicondyle to the superomedial patella. Conlan et al. [7]

The scientific literature concerning the anatomy of medial
soft-tissue stabilizers of the patella is growing exponentially.
The medial patellofemoral ligament (MPFL) functions as a
static restraint to lateral patellar displacement from 0 to 70°
of knee flexion [7, 8, 13], and reconstruction of this ligament
has been shown to yield consistent improvements in lateral
patellar stability [7, 37]. The MPFL was first described in an
anatomic cadaveric dissection study by Warren and Marshall
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expanded on this work with his findings that the MPFL
inserts “not only on the patella but also on the undersurface
of the distal aspect of the quadriceps mechanism” [p. 682].
However, these proximal fibers have not been highlighted
in anatomical discussions or reconstructive techniques until
more recently [12, 23, 28, 35]. In light of this, new terms
have emerged for the fibers that extend to the quadriceps ten-
don, including those fibers that course to the tendon, which
are labeled the medial quadriceps tendon femoral ligament
(MQTFL). A new conceptually helpful term, the medial
patellofemoral complex (MPFC), encourages clinicians to
recognize the contributions of more than just the traditional
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role of the MPFL to medial constraint and also recognizes
the variability of the individual anatomic structures that
occurs in this area.

Despite being considered the primary static stabilizer to
the patella, the MPFL accounts for approximately half of the
total restraint to lateral patellar displacement [2, 7, 8, 13, 26,
38]. In the original in vitro cutting study by Conlan et al. [7],
MPFL contribution to lateral patellar restraint ranged from
23 to 80%. In 7 of 25 knees, the authors reported that the
MPFL contributed less than 39% to medial static restraint.
Other anatomical and biomechanical studies have shown that
the remaining contributions to patellar stability are derived
from the medial patellotibial ligament (MPTL) and medial
patellomeniscal ligament (MPML), with the combination of
these two ligaments reported to contribute 26% to resisting
lateral patellar shift in full extension and 46% at 90° of knee
flexion [15, 20, 26, 38].

Given the evolving understanding of the medial patel-
lar soft-tissue restraints, a report on the current knowledge
of the anatomy and implications for reconstruction in the
treatment of patellar instability is needed. In contrast to
previous systematic reviews of MPFL anatomy, which have
summarized the results of all studies on this topic [1, 27],
we highlight the recent literature to update readers on cur-
rent concepts in patellofemoral anatomy, while revisiting
the original anatomical descriptions to provide the context
of these changing views. A new framework of terminology
for these soft-tissue restraints is discussed, consisting of the
proximal medial patellar restraints, which include the MPFL
and MQTFL, as well as that of the distal medial patellar
restraints, the MPTL and MPML.

Proximal medial patellar restraints

MPFL

Anatomic studies of the MPFL describe this ligament as
having a smaller femoral origin and a wide, fan-shaped
insertion on the patella and quadriceps tendon [7, 8, 23, 28,
34, 35, 38]. Much attention has focused on the location of
the femoral origin and ways to identify proper femoral tunnel
placement, given the sensitivity of graft function to the loca-
tion of its placement on the femur. In anatomic studies, the
location of the origin has varied but is most often described
as being in the region of the adductor tubercle and medial
epicondyle [3, 24, 31, 38], most commonly in the “saddle”
between the adductor tubercle and medial epicondyle [5,
21, 22, 26, 28] or within 1 cm distal to the adductor tubercle
[11, 31, 39, 42]. It has also been noted to have additional
attachments to the medial collateral ligament fibers and/or
adductor tendon [3, 8] (Fig. 1). One pediatric study found
the femoral origin was 8.5 mm distal to the medial distal

@ Springer

Fig.1 Medial knee anatomy.Right knee dissection of the medial
aspect of the knee showing the spatial relationship between the
adductor tubercle (AT) and the medial patellofemoral ligament
(MPFL), the medial quadriceps tendon femoral ligament (MQTFL)
and the superficial medial collateral ligament (sMCL). VMO, vastus
medialis obliquus

femoral physis [9]. The variability in this anatomy has been
emphasized, and authors have stressed that the femoral ori-
gin should likely be thought of as a “cloud”, rather than a
“point” [33]. The presence and robustness of these fibers
have also been reported to vary. Descriptions of the MPFL
fibers and their origin on the femur are detailed in Table 1.

Radiographic landmarks can be used to identify the loca-
tion of the MPFL femoral origin [4, 16, 20, 44]. However,
an exact anatomic femoral attachment point identified by
radiographs is not always accurate. Because radiography
provides only an approximation of the true anatomy, the
femoral attachment point must be determined during sur-
gical exposure on the basis of knowledge of the anatomy
to account for person-to-person variability. For example,
in women with severe trochlear dysplasia, the radiographic
method is less accurate in determining the anatomic femo-
ral fixation point [29]. Schoéttle et al. [30] performed eight
cadaveric dissections and described the mean point of the
femoral origin as 1 mm anterior to the posterior cortical line,
2.5 mm distal to the proximal origin of the medial femoral
condyle, and proximal to the posterior aspect of Blumen-
saat’s line. When using intraoperative fluoroscopy to locate
this region, some authors have emphasized the importance
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of using true lateral views to determine the insertion point
[4, 44], whereas others have cautioned not to rely solely on
radiographic markers because of a limited ability to create
an anatomic tunnel [29].

The term “medial patellofemoral ligament”, which is
used to describe the primary medial soft-tissue restraint
of the patella, implies that the fibers extend between the
medial patella and the femur. However, because of the
understanding that the MPFL has fibers that insert onto
both the patella and the quadriceps tendon, some authors
[35] have referred to this ligament as the medial patel-
lofemoral complex (MPFC) to express more clearly the
burgeoning recognition of the diversity of specific inser-
tion sites. Such findings reflect the complexity of these
medial retinacular structures. On close examination of
the femoral origins of the MPFC, one finds that structures
originating from more distal structures, such as the medial
epicondyle, insert more distally, toward the mid-patella.
Similarly, MPFC components originating from the more
proximal femoral side (e.g., the adductor tubercle itself),
course toward and into the quadriceps/vastus intermedius
tendon at and proximal to the proximal patella. Although
the term “MPFC” was popularized recently, early studies
described the presence of proximal MPFL fibers that addi-
tionally extend to the quadriceps tendon [7, 31]. Recent
studies have re-evaluated the presence and importance
of these proximal fibers. The descriptions of the anterior
attachments of these fibers, including specific references
to the attachments to the quadriceps tendon, are detailed
in Table 2.

Medial quadriceps tendon femoral ligament
(MQTFL)

Fulkerson and Edgar [12] described the proximal fibers
to the quadriceps tendon as a discrete set of fibers, which
they termed the MQTFL, and this has been described
by others in more recent studies [20]. Other authors, in
contrast, have reported these fibers as part of the same
condensation of fibers as the MPFL originating from the
medial epicondyle [19, 34]. Tanaka [34] reported in a
series of 28 cadaveric knees that most ligaments attached
to both structures, with 57.3% + 19.5% of fibers attaching
to the patella and the remainder attaching to the quadri-
ceps tendon. Furthermore, the insertion sites were noted
to vary, with one knee exhibiting 100% of fibers attaching
on the patella and another with a sole attachment to the
quadriceps tendon, which may explain the variations in
anatomic reports that describe this ligament (Fig. 2). Kang
et al. [19] described these fibers as two separate bundles,
with the inferior-straight bundle attaching to the patella
and the superior oblique fibers attaching to the quadriceps

tendon. They reported a mean 25.1° +2.1° angle between
these two bundles. Given these multiple descriptions, the
use of the term MQTFL allows us to distinguish the fibers
within this complex that attach specifically to the quadri-
ceps tendon.

Several researchers have discussed functional and surgi-
cal considerations related to the wide attachment of this
ligament. Fulkerson and Edgar [12] described the recon-
struction of the MQTFL, recreating the proximal fibers
to the quadriceps tendon. Tanaka et al. [35] identified the
midpoint of these fibers as they insert on the patella and
vastus intermedius to approximate the potential site of
placement for a single-bundle graft. They identified this
location as a mean of 2.3% + 15.8% of the articular length
of the patella from the superior pole or at a reproducible
point at the junction of the medial border of the quadri-
ceps tendon with the superomedial articular border of the
patella (Fig. 3).

Others have considered the length difference between
the most proximal and most distal of these fan-shaped fib-
ers with a reported 1.9-7.1 mm length difference between
the two, suggesting variable anisometry between these fib-
ers as it relates to changes in anatomic distances between
attachment points throughout knee range of motion [19, 34].
Because of this, recent developments in reconstruction tech-
niques have described reconstructing the wide attachment
of the fibers [18]. Kang et al. [18] described both Y- and
C-shaped grafts that involve fixation first on the femoral
side and first on the patellar side, respectively, with minor
differences in functional outcomes at 2 years. Wang et al.
[40] also reported that although both configurations could
restore the stability of the patella, the double-bundle recon-
struction had a greater capacity to resist patellar dislocation
at 15° of knee flexion but not in greater flexion angles. In
both studies, the two fixation points were on the patella.
Further studies are needed to understand differences in
long-term outcomes of double-bundle techniques, as well
as considerations for graft placement on both the patella and
quadriceps tendon to anatomically reconstruct the proximal
medial patellar restraints.

In addition to its wide proximal—distal insertion, an
attachment along the middle of the ligament is adherent
directly to the VMO [7, 10, 34, 38]. Conlan [7] described
these fibers as fanning out and inserting broadly on the
undersurface of the VMO aponeurosis. Descriptions of
these findings from previous and recent studies are also
noted in Table 1. In dissections by the current authors,
the fibers have also been found to decussate with VMO
aponeurosis at its midsubstance before inserting onto
the vastus intermedius tendon (Fig. 4). Although these
anatomic findings may imply an interaction between the
MPFC and VMO and could suggest a dynamic role in
addition to that of a static stabilizer, further investigations

@ Springer
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Fig.2 Articular-sided view of proximal medial

patellar
restraints. Right knee dissection showing the attachments of the
medial patellofemoral ligament (MPFL) on the patella, and the
medial quadriceps tendon femoral ligament (MQTFL) on the quadri-
ceps tendon

are needed to fully understand the function of these fibers,
as well as their implications for reconstruction.

Distal medial patellar restraints

The distal medial patellar restraints originate on the dis-
tal patella and include the MPTL and MPML [14, 15, 17,
20, 21]. Although these are thought of as two separate
sets of fibers, a recent study [20] noted that the MPML
and MPTL converged to insert on the same location on
the inferomedial patella, with the distal portion deep to
the patellar tendon and superficial to the capsule. Ear-
lier cadaveric studies also describe the two sets of fib-
ers as a single structure that reinforces the area from
the patella to the tibia with extensions to the meniscus
[13]. Hinckel et al. [14] reported variability of the ori-
gins on the patella, with five of the nine knees having
a combined MPML and MPTL on the patella, whereas
the MPML was proximal in three and distal in one. They
noted that in two cases, the MPML extended also to the
tibia, indicating that the MPML and MPTL may have

@ Springer

Fig.3 Midpoint of the medial patellofemoral complex (MPFC).
Articular-sided view of the MPFC insertion on the patella and quadri-
ceps tendon, showing a midpoint (star) at the junction of the medial
quadriceps tendon border and articular surface of the patella. VMO,
vastus medialis obliquus

some interrelated functions. Philippot et al. [26] evalu-
ated the medial ligament patella stabilizers from 0°-90°
of flexion, reporting that the MPFL was the primary
medial stabilizer of the patella in the first 30° of flexion,
whereas the MPTL and MPML have an increased role in
restriction of lateral translation, patellar tilt, and patellar
rotation at 90° of flexion compared with full extension
(demonstrating an important role, particularly at higher
flexion angles) [26].

MPTL

The MPTL is a thin ligament in layer 2 that serves as a cap-
sular reinforcement and condensation of the medial retinacu-
lum that resists lateral and anterolateral translation of the
patella [7, 13, 36]. The fibers originate on the inferomedial
patella, 3.6 mm proximal to the distal border of the inferior
pole of the patella [7] and insert 14—15 mm distal from the
joint line on the anteromedial tibia [14, 36]. Kruckeberg
et al. [20] recently identified a bony prominence in this area,
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Fig.4 The medial patellofemoral complex (MPFC) is closely adher-
ent to the vastus medialis obliquus (VMO).Left knee dissection show-
ing MPFC fibers adherent to the undersurface of the VMO. Anatomi-
cal landmarks are also depicted, including the medial gastrocnemius
(MGT), the superficial medial collateral ligament (SMCL), and the
adductor tendon

termed the medial tibial tubercle, on which the MPTL is
reported to insert consistently (Fig. 5.).

The MPTL is 35-50 mm long and 4-22 mm wide [14,
15, 17, 25, 26]. These fibers are more vertically oriented
than the MPFL and course in a more superficial plane [7,
20]. The MPTL courses in a “steep inferomedial orienta-
tion” from the inferomedial patella to tibia, at a 20°-25°
angle relative to the patellar tendon [7, 17, 25]. A sum-
mary of anatomic descriptions of the MPTL is provided in
Table 3. Because of this close relationship to the patellar
tendon, some authors have described the reconstruction of
these fibers as mimicking the medialization of the patel-
lar tendon. One such technique was described by Zaffag-
nini et al. [43], in which the medial fibers of the patellar
tendon are attached to the tibia. The authors reported on
outcomes of 29 knees after undergoing MPTL reconstruc-
tion with good clinical and radiographic outcomes and a
14% failure rate at a mean follow-up of 6.1 years. Further

Fig.5 Medial patellotibial ligament (MPTL) anatomy.Right knee dis-
section showing the MPTL inserting into the medial tibial tubercle.
MM medial meniscus, 77 tibial tubercle

studies are needed to understand the role and indica-
tions for MPTL reconstruction in the setting of patellar
instability.

MPML

The MPML is a round, cord-like ligament superficial and
adherent to the medial capsule. It is thought to contrib-
ute more to patellar stability than the MPTL, with forces
accounting for 22% of the total restraint against lateral
patellar translation [8, 17]. It can be identified in layer 3,
within the deep capsular layer [7, 20]. It is 20-40 mm long
and 3—-10 mm wide [15, 17, 25, 26]. A summary of ana-
tomical descriptions of the MPML is provided in Table 4.
The MPML has a narrow origin of 3—5 mm on the infero-
medial patella, at a point described as 5.7 mm proximal to
the distal border of the patella [7, 14, 38]. It has a “close
relation to the infrapatellar fat pad” [38] (p. 139) and a

@ Springer
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Table 3 Results of anatomic
studies describing the MPTL

@ Springer

First author No. of knees Mean + SD size, MPTL Orientation
(year) mm with respect to
- — - patellar tendon
Length  Width Origin Insertion

Conlan (1993) 25 (fresh- NA NA NA NA
[7] frozen)

Desio (1998) 9 (fresh- NA Medial border >1cmbelow  Oblique con-
[8] frozen) of patella joint line densation of

fibers from
layer 1 that
coalesces
with fibers of
MPFL

Tuxoe (2002) 39 (unpre- NA NA NA NA
[38] served)

Panagiotopou- 8 (fresh- NA Lower patellar  Medial tibia, Range, 20°-25°
los (2006) frozen) pole 15-20 mm angle to patel-
[25] below lar tendon

joint line,
15-20 mm
medial to
patellar
tendon

Philippot 23 (fresh) 55+£84 22+44 NA NA NA
(2009) [26] found in 11

knees (47%)

Kaleka (2017) 30 (10% for- 46+8.8% NA Inferomedial 18+3.4 mm 22°+7.6°
[17] maldehyde patellar on anterome-

solution) border near dial tibia
articular
surface; width
12+3.4 mm

Hinckel (2017) 9 (fresh- 36+£64 7.1+£2.0 34+3.6mm NA 18.5°+4.9°
[14] frozen) from lower

patellar pole

Kruckeberg 10 (fresh- NA Mean area, 27  Area, 46 mm?>  8.3° (CL5.7, 11)

(2018) [20] frozen) mm? (CI 20, (CI 35, 58)
35) combined  on tibia
with MPML
center of ori-
gin 3.5 mm
medial and
3.5 mm
proximal to
medial border
of patellar
tendon attach-
ment

LaPrade 22 (fresh- NA 46+8.8 NA NA NA
(2018) [21] frozen)

CI confidence interval, MPFL medial patellofemoral ligament, MPTL medial patellotibial ligament, NA not

available, SD standard deviation

*Present in 27 knees
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Table 4 Results of anatomic

R First author No. of knees Mean + SD size, mm MPML Orientation
studies describing the MPML (year) (preservation) - — with respect to
Length  Width Origin Attachment patellar tendon
Conlan (1993) 25 (fresh- NA Lower patellar Anterior horn NA
[7] frozen) pole of MM and
meniscoti-
bial coronary
ligament
Desio (1998) 9 (fresh- NA Inferior two- Anterior por- NA
[8] frozen) thirds of tion of MM
patella
Tuxoe (2002) 39 (unpre- NA Narrow inser-  Wide insertion NA
[38] served) tion (range, at anterior

Panagiotopou- 8 (fresh-
los (2006) frozen)
[25]

Philippot 23 (fresh)
(2009) [26]

Kaleka (2017) 30 (10% for-
[17] maldehyde

solution)
Hinckel 9 (fresh-

(2017) [14] frozen)

Kruckeberg 10 (fresh-
(2018) [20] frozen)

LaPrade 22 (fresh-
(2018) [21] frozen)

0.3-0.5 cm) horn of MM
at inferome-

dial corner

of patella in

layer 3
22422 4.1+0.92 Lower patellar Medial capsu- Range 15°-30°
pole lomeniscal angle
region
39+3.2*% 9.6 +1.2% NA NA
37+7.37 NA Lower patellar Mean, Mean, 24° +
pole, distal 6.7+1.9mm 6.6°
to origin of at anterior
the MPTL; horn of MM
mean width,
8.5+2.6 mm
34+33 83+32 Mean, NA Mean, 43° +
5.7+5.4 mm 12°
from lower
patellar pole
NA Mean area, 27 38 mm? (32,  23°(CI 15, 30)

mm? (CI20,  45) attach-
35) combined  ment, 20 mm
with MPTL from center
of anterior
MM inser-
tion
53+11 NA NA NA NA

MM medial meniscus, MPML medial patellomeniscal ligament, NA not available, SD standard deviation

*Based on 11 knees

"Based on 29 knees

wide attachment to the anterior horn of the medial menis-
cus. Hinckel et al. [14] noted that this meniscal attachment
was variable. The MPML is thought have more horizontally
oriented fibers than the MPTL [20]. It has been described
as having an orientation of 15°-30° relative to the patellar
tendon, compared with 20°-25° relative to the MPML [17,
25] (Fig. 6).

Conclusions

The understanding of the complexity of the medial patel-
lar stabilizers continues to evolve. While MPFL recon-
struction is gaining wide acceptance as a procedure to
treat patellar instability, we emphasize the importance of
not only proper patient selection and adding concurrent

@ Springer
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Fig.6 Proximal and distal medial patellar restraints.Left knee dis-
section showing medial restraints to lateral patellar translation. The
medial patellofemoral complex (MPFC), medial patellotibial ligament
(MPTL), and the medial patellomeniscal ligament (MPML), and
its anatomical relationship with the adductor tubercle (AT) and the
medial epicondyle (ME) are seen. The superficial medial collateral
ligament (sMCL), the medial meniscus (MM), semimembranosus
(SM), and medial gastrocnemius (MGT) are also depicted

procedures when necessary [6], but also recognizing the
complex and changing understanding of the anatomy of the
medial soft-tissue stabilizers that we aim to reconstruct.
Further studies to elucidate the clinical and biomechani-
cal roles of these additional medial patellar stabilizers can
guide advances in anatomical soft-tissue reconstruction in
the treatment of patellofemoral instability.
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