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Abstract Patellofemoral joint cartilage lesions are associated with a variety of clinical situations including blunt
trauma, lateral patella dislocations, or as a secondary development in the setting of abnormal joint loading. There is a
need for more clarity on how to best address these lesions.
Most specifically, when is it necessary to surgically treat
these lesions of the patella and trochlea and which technique to use? This review will focus on the spectrum of
patellofemoral disease/injury and their treatment strategies,
with special emphasis on cartilage damage and early osteoarthritis. Chapter sections will review the most common
scenarios of cartilage damage in the patellofemoral joint,
with an attempt to summarize current treatment, their outcomes, remaining challenges and unanswered questions.
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Introduction
The patellofemoral (PF) joint is composed of two osseous components, the patella and the femoral trochlea,
which share a cartilaginous articulating surface. The
patella is a sesamoid bone enclosed within the extensor
mechanism; its function is intimately associated with
dynamic lower limb muscle activity. From a neuromuscular viewpoint, the quadriceps muscle unit is responsible for knee extension in open kinetic chain function and
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stabilization and shock absorption of the limb in closed
kinetic chain activities. This complex orchestration of
bony, soft tissue, cartilage and neuromuscular elements
offers challenges to the clinician when faced with PF disease and injury.
The PF joint, due to its highly complex structure and
function, is often affected by articular surface damage.
PF cartilage damage has been documented in a large
percentage of knee arthroscopy procedures, with the
involvement of the articular surface of the PF joint in
up to 44.6 % of these lesions [64]. Patellofemoral joint
cartilage lesions may arise following blunt trauma, lateral patella dislocations, or as a secondary development
in the setting of abnormal joint loading. Left untreated
cartilage defects affecting patella or trochlea surfaces can
alter the normal distribution of weight-bearing forces and
may predispose to the development of OA [18], thus supporting the need for more clarity on how to best address
these lesions. Most specifically, when is it necessary
to surgically treat these lesions and which technique to
use? Unfortunately, cartilage lesions of the PF joint can
be particularly challenging to treat due to the complex
biomechanical environment including varying individual anatomy, and the unique forces experienced within
this compartment during weight-bearing and bent knee
activities.
This review will discuss the spectrum of PF disease/
injury and their treatment strategies, with special emphasis
on cartilage damage and early osteoarthritis (OA). Chapter
sections will review the most common scenarios of cartilage damage in the PF joint, with an attempt to summarize
current treatment, their outcomes, remaining challenges
and unanswered questions.

Post‑traumatic PF lesions
The pathogenesis of PF cartilage lesions is frequently multifactorial; however, it is possible to identify a group of
lesions with a traumatic aetiology. One frequent traumatic
mechanism is blunt trauma, e.g. fall on a flexed knee, or
a direct impact as seen in dashboard injuries. Often these
cases show delayed chondral damage caused by the alteration of PF joint homoeostasis [54] or loss of articular congruence in the presence of a chondral/osteochondral lesion.
The most common location of the cartilage lesion is a
central bipolar lesion of both patella and trochlea, or the
superomedial aspect of patella resulting from the frequent
flexed knee position with this injury. Post-traumatic aetiology (including fractures, excluding patellar dislocations)
accounted for 9 % of a large cohort of patients with isolated PF osteoarthritis [17].
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PF chondral lesions related to patellar instability
Acute injuries
Osteochondral fractures are frequently observable after
a patellar dislocation [51]; Nomura et al. [40] reported a
95 % incidence of cartilage damage with 72 % of osteochondral lesions, mostly located on medial patellar facet.
MR imaging is crucial in assessing the dimension and location of the damaged articular surface, though arthroscopic
examination allows better evaluation of the involved articular surface and allows definitive treatment of small focal
defects. With a viable osteochondral lesion involving more
than 10 % of the PF joint articular surface, acute surgical
repair is advised [9]. Osteochondral fragments should be
fixed in place using resorbable pins or headless compression screws in the acute phase to preserve chondrocytes
viability and restore PF articular congruency. When chondral or osteochondral lesions cannot be repaired, persistency of pain and swelling may make a delayed chondral
surgical treatment necessary. Potential cartilage techniques
used are discussed later in this section.
Recurrent patellar instability
Grelsamer et al. [17] reported a history of patellar dislocation in 33 % of isolated PF OA, with PF instability the
most common identifiable cause of this pathology. Vollnberg et al. [62] showed a strong correlation between the
number of patellar dislocation and the prevalence of PF OA
assessed by MRI, confirming similar (arthroscopic) observations of Nomura and Inoue [38].
The association of the anatomic factors with recurrent
patellar instability has been established [7]; these being
trochlear dysplasia (TD), patella alta, excessive tibial tubercle–trochlear groove (TT–TG) distance and excessive lateral patellar tilt. However, these same factors are found in a
large cohort of isolated patella OA patients [17] (Table 1).
This presents a confusing picture of the aetiology of PF OA
in patients with patellar instability.
Although cartilage procedures can be performed in association with patellar stabilization surgery [32], there is no
consensus on this topic and sparse literature support for this
combined procedure. This is due, in part, to the generally
good results of stabilization surgery and mixed results of
cartilage restoration techniques in this joint (as discussed
later in this section).
Siebold et al. [47] reported the results of a ten patients
presenting an ICRS grade 4 patellar lesions in association with recurrent patellar dislocation; surgery performed
was an MPFL reconstruction plus autologous chondrocyte
implantation (ACI). At a mean follow-up of 2 years, no
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Table 1  The % PF anatomic factors associated with PF OA/instability
Patella alta

Trochlear dysplasia

Excessive patella tilt

Excessive TT–TG

PF OA

No statistical threshold

78 %

66 %

No statistical threshold

PF instability (%)

30

96

83

56

PF patellofemoral, OA osteoarthritis, TT–TG tibial tubercle–trochlear groove

Fig. 1  Thirty-three year-old
women suffering from recurrent
patella dislocation and chondromalacia of medial patella facet.
a Emslie-Trillat procedure with
a medialization of tibial tuberosity of 8 mm. b After debridement, the chondral lesion
measured 4.5 cm2. c AMIC
(Autologous Matrix-Induced
Chondrogenesis). d MPFL
reconstruction with autologous
gracilis tendon (black arrow)
fixed on patella with 2 anchor
and on femur with an interference screw (white arrow). This
figure was generously provided
by Dr. Mario Ronga

recurrence of patellar dislocation was observed. Subjective and objective scores were increased over pre-op scores;
however, the improvement was not statistically significant.
This short-term study questions the value of a combined
cartilage surgery to optimize the final outcome.
Without evidence-based literature on the topic of when to
treat cartilage lesions concurrent with patellar stabilization surgery, most surgeons limit surgical treatment to patellar stabilization alone. Treatment of chondral lesions associated with PF
instability need to be performed when, after a surgical patellar
stabilization, the damage remains symptomatic as judged by
pain and recurrent swelling (Fig. 1). Also, after a failed patellar surgical stabilization procedure, cartilage lesions are often
addressed concomitant with revision surgery, when present.

Patellar cartilage lesions without patellar
dislocations
Dejour et al. [7] defined potential patella instability (PPI)
patients as those patients that have (+) anatomic instability

factors without patellar dislocations; PF cartilage damage
is frequently observed in these patients. High-grade (B, C,
D) TD was found in 78 % of 365 patients with isolated PF
OA, validating that PF OA is associated with TD with or
without a history of patellar instability [17]. Within this
cohort, only 33 % had a history of patellar instability. In
a study of patients undergoing anteromedialization of the
tibial tubercle for symptomatic PF cartilage lesions, only
58 % of patients reported a history of patella dislocations
[44]. These studies support the association of PF cartilage
lesions without patella instability.
The aetiology of cartilage wear is speculative. In the
presence of a trochlear bump, as observed in TD type B and
D, or in the presence of a trochlear prominence (TD type
C), the prominence of the proximal trochlea raises the contact pressures on PF joint, causing an “anti-Maquet effect”
during the first degrees of flexion [30, 59]. In the setting of
patella alta, excessive load of the distal patella can occur
due to decreased engagement of the patella in the trochlea,
concentrating load on a smaller than normal area of cartilage with a resulting increase in cartilage load, which may
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result in cartilage wear [25]. Excessive TT–TG distance
and/or excessive patellar tilt can increase lateral patella
facet pressure with eventual lateral patellar shift, predisposing the lateral PF joint to increased load and possible cartilage damage [58]. Excessive TT–TG distance presents a
direct correlation with axial malalignment and subsequent
lateral facet cartilage damage [52]; indeed, TT–TG values
have been shown to be proportional to the development of
PF cartilage damage and OA [15].
Symptomatic defects of the patella can improve following isolated realignment surgery. The location of the
cartilage lesion correlates better with good outcome after
anteromedialization (AMZ) procedure (Fig. 2a, b) than the
depth and extent of the lesion in a nonhomogeneous population with either lateral patella subluxation or symptomatic
PF OA [44]; patients undergoing AMZ had better outcomes
when lesions were located in the lateral facet or distal pole
of the patella. Patients had poor outcomes with medial and
proximal patellar lesions. The central trochlear lesion is a
contraindication to the AMZ since all such lesions resulted
in poor outcomes. Conversely, all lateral trochlear lesions,
most of them associated with lateral patellar lesions, had
good or excellent results. The conclusion of this study was
that normal knee function after this procedure may not
occur, but the patients may experience improvement in
pain, stability and activities of daily living [44].
In potential patella instability [7] patients with symptomatic chondral lesions, surgery aimed at the correction of
predisposing instability factors (realignment surgery) and
reparative cartilage surgery has some literature support

Fig. 2  a AP knee radiograph of a knee with cartilage restoration
combined with an anteromedialization (AMZ) realignment procedure. b Lateral knee radiograph of a knee with cartilage restoration
combined with an anteromedialization (AMZ) realignment procedure. Figures were generously provided by Dr. Andreas Gomoll
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for this combined approach. The aim of these procedures
is to unload the cartilage repair area and restore a physiologic tracking of the PF joint, with the goal of relieving
pain and optimizing cartilage restoration potential. In a
population presenting a symptomatic patellar cartilage
lesion in association with a predisposing factor (TT–TG
distance >20 mm), Gigante et al. [14] found significant
improvement of clinical scores (Kujala from 52 to 88.5) at
midterm follow-up after combined distal realignment and
matrix-assisted autologous chondrocyte transplantation
(MACT). In most current published studies, the association of ‘realignment procedures’ improves the outcomes of
cartilage procedures as evidenced by the decrease in pain
[10, 43, 60], though with increased complications [61]. A
recent systematic review [57] showed a significant increase
in clinical results at a midterm follow-up in patients treated
with associated realignment procedures compared to isolated ACI. Though there is general acceptance to correct
predisposing anatomic factors simultaneous with cartilage
restoration surgery in patients without a history of patellar dislocation, there remains no consensus on the amount
of correction needed in order to avoid possible complications related to hypercorrection, such as patella infera or
hypermedialization.
The inferior results observed in central patellar and
trochlear defects lie in the specific biomechanical properties of the PF compartment of the knee joint [56]. During
walking or stair climbing, the patellar ridge has a significant meshing function in guiding the patella in the sliding
bearing and prevents gliding movements in the coronary
plane [56]. The patella sustains forces in excess of seven
times body weight, with shear forces that are greater
than those in the tibiofemoral knee compartments. Thus,
full thickness patellar ridge chondral lesions or flattening
due to excessive cartilage debridement is associated with
poorer outcomes [31, 37]. For this reasons, many authors
have suggested preserving this anatomic region, i.e. the
median ridge, when possible [31, 37]. Niemeyer et al. [36]
have described the “double eye technique”: this technique
provides for a separate reconstruction of the medial and
the lateral facets by means of ACI, but the median ridge
region is preserved to maintain the original thickness
of cartilage at this site. The authors [37] reported better
results in patients treated with ACI and preservation of the
median patellar ridge compared with patients treated with
ACI with excessive debridement and flattening the this
ridge.
There is a need for higher-level studies to give systematic recommendations for treating or not treating cartilage
damages as concomitant procedure in surgical correction
of patellar instability. In regard to treating all concomitant
instability factors, there remain questions of when and how
much correction is needed.
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Does surgical treatment of patellar instability prevent
early OA?
Whether PF realignment surgery is able to prevent or delay
PF early OA is a much debated but still unsolved issue.
Published literature on surgical solutions for PF instability
contains diverse surgical methods, as well as diverse methods of recording pre- and post-operative demographic and
imaging variables [55]. The majority of papers report populations with mixed diagnoses and inconsistent applicability
to the broad spectrum of patellar instability patients. The
outcomes in the current literature need more clarity and
consistency in reporting methodology to be of value for the
treating clinician [55].
Due to the multifactorial nature of PF instability, the
spectrum of varying anatomic abnormalities, and diverse
surgical solutions, the current literature is scarce of highquality studies regarding the long-term natural history
of lateral patellar dislocation and the effect of surgical
correction.
In 1992, Arnbjornsson et al. [1] published a seminal study addressing this concern; the authors evaluated
patients with bilateral recurrent PF instability treated surgically in one knee and conservatively in the contralateral
knee, demonstrating comparable results at the short term.
However, at a mean of 14-year follow-up, 75 % of the operated knees presented with OA degenerative changes compared to 29 % in the conservatively managed knees. Study
limitations included: small cohort, unclear OA grading
system and heterogeneous (and at times outdated) surgical
management.
A similar study design was applied by Marcacci et al.
[28], who reported on 16 patients with a mean 30-year follow-up; there were similar clinical and radiographic results
reported on patients with the Roux surgical technique compared to conservative management. Despite marked degenerative changes in 50 % of both knees, there was a greater
percentage of conservatively treated knees with a lower
grade OA (50 vs. 31 %). This study presents similar limitations, small cohort and the use of a dated non-anatomic
surgical procedure.
There are important factors to consider when interpreting the findings of these studies. There is a natural development of PF OA in knees with PF instability. This was
also confirmed by Maenpaa and Lehto [26] who reported
PF OA in 22 % of patellar instability knees compared to
11 % of contralateral healthy knees at 13-year follow-up.
Another consideration is the apparent inability of PF stabilization surgery to prevent or delay PF OA onset and progression. All of the surgical procedures discussed in these
articles were based on the principle of extensor mechanism
realignment as the key factor in patellar stabilization, most
involving a medialization of the tibial tubercle and/or distal

patella tendon. The effect of this kind of surgery appears
to worsen the radiographic results, possibly due to the
changes in PF kinematics and pressures caused by the realignment procedures [24, 27], or incomplete or inadequate
correction of PF abnormalities.
Current techniques addressing patella containment, i.e.
MPFL reconstruction, combined with less post-op immobilization and a more knowledgeable approach to postsurgical rehabilitation, could translate into surgical management with more encouraging long-term results. This
is suggested by a few short- and midterm studies. Sillanpaa et al. [48, 49] reported on two different surgical techniques with different results in terms of OA progression.
The authors reported no OA signs and better radiographic
results at 10-year follow-up in patients treated with MPFL
reconstruction through adductor magnus tenodesis compared to the non-anatomic Roux surgical technique.
Nomura et al. [39] reported (only) 12 % of moderate PF
OA 12 years after MPFL reconstruction. More discouraging is a study from Farr et al. [11] who studied 30 knees
in 26 patients who underwent medialization of the tibial
tubercle for recurrent patella instability. This study was
a case–control study with a minimum 10-year followup reporting severe PF and tibiofemoral OA in 23 % of
patients. However, radiographic findings and subjective
clinical reporting were not statistically different than the
controls. The authors also reported worst radiographic
results in patients treated late, opining that delay in surgical treatment, allowing recurrent patellar dislocations,
could be responsible for further chondral damage, as suggested by others [33, 34].
A procedure used to surgically treat patella instability
combined with high-grade dysplasia is a trochleoplasty [3,
5, 42]. A recent systematic review [50] including six studies showed higher-grade PF OA in patients with severe TD
(Dejour type B–D) treated with non-trochleoplasty procedures (Insall’s proximal realignment) [46] compared to
trochleoplasty [2, 6, 41, 53, 63]. Failing to address TD may
produce poor radiographic results; alternatively, severely
dysplastic groove abnormalities requiring trochleoplasty
are correlated with both worst clinical and radiographic
outcomes compared to less severe presentations where realignment procedures may suffice [29, 65]. Other considerations for OA associated with trochleoplasties include: the
presence of high degenerative changes at time of surgery
in severe TD [6, 41, 63], and PF incongruence due to a
dysplastic patella tracking in a newly deepened trochlear
groove [45].
There is no current evidence that suggests surgical treatment of patellar instability prevents or delays early PF OA.
Despite the potential for future OA, even after surgical stabilization procedures, positive clinical results in terms of
symptom reduction and prevention of recurrence should
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guide surgical management. There are short-term studies
concerning patella stabilization currently in our literature;
it will take appropriate study designs detailing cartilage
damage at the time of the surgery, combined with surgical
outcomes and long-term follow-up, to provide the necessary information to answer whether patella stabilization
surgery, with or without combined cartilage procedures,
has a positive or negative impact on OA prevention or
progression.

Overview of cartilage treatment of the PF joint
The surgical procedures adopted for the treatment of cartilage defects of the PF joint have been borrowed from the
techniques successfully used for femoral condyles lesions,
even though with sometimes less satisfactory clinical
results [23].
Arthroscopic chondral debridement, focused on removing fibrillated cartilage to smooth a rough articular surface, has been applied with encouraging positive subjective
results [12]. However, microtraumatic/degenerative lesions
performed worse than traumatic cases, and many patients
who were improved by the surgery still presented functional limitations. Currently, its use is rarely indicated as a
primary procedure.
Microfracture, a bone marrow stimulation technique,
proved to be effective in improving symptoms and function at short-term follow-up [22], and it is usually the first
choice procedure to manage small cartilage lesions. However, patients with lesions in the PF joint obtained lower
results at all follow-ups times compared to patients with
condylar lesions, and an overall progressive worsening of
the evaluated scores has been shown over time [22].
Some efforts have been made in the recent years in order
to improve microfracture healing potential through augmentation with biomaterials, which should allow a better
reparative tissue and thus greater improvement in subjective scores and longer-lasting results. Autologous matrixinduced chondrogenesis (AMIC), which combines microfracturing with a collagen I/III matrix, demonstrated a
satisfying clinical improvement at 24-month follow-up for
the treatment of PF cartilage defects in the knee. However,
the favourable clinical outcome of the AMIC technique
was not confirmed by the magnetic resonance image (MRI)
findings, with frequent subchondral lamina changes and
intra-lesional osteophytes [8].
For those lesions characterized by greater cartilage loss,
different treatment approaches have been proposed.
Autologous osteochondral transplantation or mosaicplasty, which provide a single-stage procedure with immediate reliable tissue transfer of a viable osteochondral unit
capitalizing on bone-to-bone healing, has been used in the
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PF joint with controversial results: an overall improvement
in clinical scores but with a high failure rate [4]. The reason
may be the difficulty in accurately reproducing the curvature
of the articular surface of both the patella and the trochlea.
Moreover, osteochondral plugs harvested from a low loadbearing location in the femoral trochlea have a thinner cartilage layer compared to surrounding patellar tissue, resulting
in a discrepancy at the osteochondral interface when performing this technique on the patella. Allograft osteochondral transplantation does not suffer from such limitations
because the donor graft is harvested from the same location
and is size matched. Nonetheless, a high failure rate was
shown at long-term follow-up, which was felt to be related to
anatomic considerations, including residual dysplasia, functional defects of the limb or knee, combined with the difficulties in restoring the peculiar anatomy of this region [16].
First-generation ACI, based on two surgical steps for
chondrocyte harvesting, culture, and subsequent implantation into the defect site, has been proven as a suitable option
for cartilage lesions in the PF joint [31]. However, the longterm evaluation for this regenerative approach also provided
inferior results for degenerative lesions and a higher failure
rate for patients affected by patellar (vs. knee) defects [35].
MACT procedures have been introduced to overcome some
of the limitations of the first-generation approach, involving
the growth of patients’ chondrocytes on three-dimensional
scaffolds of various biocompatible materials. A long-term
study on the use of a hyaluronan-based MACT showed significant clinical improvement for both patellar and trochlear
lesions with a low number of failures in follow-up of up to
10 years; however, significantly lower results were found
in complex cases, e.g. female patients with patellar lesions
requiring realignment procedures [21].
Osteochondral scaffolds represent the last frontier for
the regeneration of the articular surface, an “off-the-shelf”
approach with different biomaterials designed to replace
the entire damaged osteochondral unit in a single-step procedure. A polylactic, polyglycolic acid and calcium phosphate scaffold were used with very unsatisfactory results
in the PF joint: poor clinical scores after 2 years, a failure
rate of 70 % and cylindrical cavity of fibrous tissue instead
of subchondral bone restoration at MRI [19]. Better results
have recently been reported for another scaffold made of
three layers of type I collagen and hydroxyapatite in different concentrations to reproduce the structure and composition of the osteochondral unit: good clinical scores
were found at the midterm follow-up, with evidence of
a slow but progressive maturation of the scaffold at MRI
evaluation, even though the persistence of some abnormalities suggested some limitations in this technique. There
remains the possibility to further improve this surgical
approach for one-step treatment of chondral and osteochondral lesions [20].
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Several treatment options have been proposed to treat
cartilage lesions in the PF joint, but none have emerged as
gold standard, neither to improve symptoms and function
nor to prevent OA degeneration. One of the reasons for the
overall unsatisfactory results may be due to the poor understanding of the pathology itself and therefore the inclusions
of heterogeneous pathological entities in the same study
cohorts, a bias leading to inconclusive findings. In this
regard, it has recently been shown how the same cartilage
surgical technique used in the PF compartment led to different results, with patellar lesions demonstrating lower results
compared to trochlear lesions [13]. This suggests that the
PF joint articulating surfaces may have different lesion patterns (aetiologies) as well as different healing mechanisms.
In future cartilage studies involving the PF joint, lesions
should be separated by location and evaluated separately,
to better understand the potential for cartilage treatments in
this region. Moreover, the literature lacks properly designed
studies with agreement on the diagnosis of early OA, indications of the available techniques in the early OA phase,
and consistency with reporting data and outcomes. There is
a need for high-level studies to establish the value of cartilage treatments in early OA, but also to understand the aetiopathogenetic processes and the biomechanical alterations
responsible for these degenerative lesions and better target
available and advancing treatment options.

Conclusion
Despite increasing interest and literature publications in
these topics, questions remain:
Is the location of the cartilage lesion in the PF joint
important in the development of clinical symptoms and/
or eventual OA?
Which cartilage treatment is best for each location
(including non-operative solutions)?
When is it advisable to combine a cartilage procedure
with patella stabilization surgery in patella instability
patients?
When is it necessary to combine realignment surgery in
PPI patients undergoing cartilage restoration surgery?
Does patellar stabilization change the natural history of
patellofemoral OA associated with trochlear dysplasia
and other anatomic instability factors?
Does patella stabilization surgery have a positive or negative impact on OA prevention or progression?
The recurrent theme with each topic within this chapter is the need for higher-level studies to give systematic
recommendations for treatment. For this, we need consensus in PF language, agreement in the clinical and imaging

factors most important to record, and agreement in assessment tools for outcome evaluation.
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