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Introduction

Isolated patellofemoral Joint Osteoarthritis (PFOA) is 
a common degenerative disease involving 10–25% of 
patients with symptomatic knee osteoarthritis (OA) (1-4), 
Noble et al. reported an incidence of 79% in a cadaveric 
study on patients aged over 65 years (5). PFOA is by far 
more common than isolated medial or lateral femorotibial 
osteoarthritis (FTOA). An association with symptomatic 
medial FTOA was identified in 12% of patients (3). The 
lateral facet is more frequently involved than the medial one 

(92% vs. 8%) (6).
McAlindon et al. observed an augmented prevalence in 

females for isolated anterior compartment degeneration 
(24% vs. 11%) (2) but a recent systematic review and 
meta-analysis revealed comparable prevalence in both 
sexes (27% vs. 26%) (4). This lack of consensus can be 
expression of the variable entity of symptoms and by 
the fact that the progression of the degenerative process 
is typically slow (7). In presence of symptomatic high 
grade PFOA prosthetic treatment is generally considered 
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as the gold standard of treatment. Despite this general 
consideration there is still a lack of consensus about the 
role of patellofemoral arthroplasty (PFA). The results 
reported in literature based on first generation PFA lead 
some authors to consider this procedure as a bridge before 
total knee replacement or even to contraindicate PFA in 
favor of total knee arthroplasty (TKA) (8,9). Nevertheless, 
improvement in new generation prosthetic design and 
surgical techniques demonstrated more consistent clinical 
results and good mid-term implant survivorship bringing 
more surgeons to consider this procedure as safe and 
effective in treating isolated PFOA (10).

Aetiology and classification

PFOA can recognize different aetiologies such as previous 
recurrent patellar dislocation, cartilage lesions, inflammatory 
diseases and patellar fractures sequelae. Dejour and Allain in 
a multicentric study identified four groups possibly leading 
to PFOA: 8% were concomitant to inflammatory diseases 
such as chondrocalcinosis, 9% were associated to previous 
patellar fracture, a large group (33%) was associated to 
previous patellofemoral dislocations and finally 49% were 
considered as primary (idiopathic) (7).

The most common classification system is the one 
described by Iwano et al. (6), based on axial view X-rays. 
Four stages are described:
	Stage 1: patellofemoral remodelling;
	Stage 2: reduction on joint line less than 3 mm;
	Stage 3: reduction of joint line more than 3 mm;
	Stage 4: bone on bone facet.

Predisposing factors

Anatomical abnormalities are described as a potential 
predisposing factor in developing of PFOA. The most 
common abnormalities are: patella alta, excessive patellar 
tilt, off-set and trochlear dysplasia (11-13). These 
considerations were confirmed by Dejour and Allain who 
observed radiological signs of trochlear dysplasia in 78% of 
isolated PFOA (7). One of the possible explanations is that 
supratrochlear spur, identifiable in type B and D trochlear 
dysplasia (14), could increase patellofemoral joint load in 
flexion performing a so called “Anti-Maquet effect”. A 
correlation between patella dysplasia and PFOA was also 
observed, with PFOA occurring more frequently in Wiberg 
type 2 patellas (7,15).

Relationships between patellofemoral disorders in young 

population can be correlated with an increased risk of knee 
OA changes (16,17). Recurrent patellofemoral dislocation 
was recognized as one on the main causes by Conchie et al. 
reporting an increased risk (adjust OR of 3.2) of developing 
PFOA in presence of previous patellar dislocations. These 
data were similar to the one observed in patients who 
underwent previous knee surgeries. (adjust OR of 3.5) (16).

In a recent cohort study, including 609 patients, Sanders 
et al. observed an even higher risk of PFOA in subjects who 
experienced a lateral patellar dislocation (HR 7.8; 95% CI, 
3.9–17.6; P<0.001) (17).

Treatment

Being most of isolated PFOA symptoms well tolerated, and 
knowing that clinical and radiological progression can be 
very low, the treatment of PFOA is mainly conservative (7).

In patients not responding to conservative treatment 
(rehabilitation program, weight reduction, oral pain killers 
or intrarticular viscosupplementation) (18-21), surgical 
treatment is a viable option in order to provide pain relief 
and restore PF joint function.

In treatment of PFOA many surgical procedures 
have been described, reporting variable results, varying 
from Lateral release (22), Anterior Tibial Tuberosity 
(ATT) osteotomy (23,24), reparative surgery of cartilage  
lesions (25), patellectomy (26), PFA (27-30) and TKA 
(8,9,31,32).

In advanced stage PFOA most of the authors advocate 
prosthetic solutions which include PFA and TKA. In the 
recent past PFA is gaining more and more popularity 
considering the promising results of new generation 
implants and less invasive surgical technique when 
compared to TKA.

Patellofemoral joint arthroplasty

McKeever first reported in 1955 the use of a screw-on 
Vitallium patellar implant in alternative to patellectomy, 
historically associated to unsuccessful clinical results (33). 
Despite having short-term good results, also confirmed 
by Levitt (34) and Vermeulen et al. (35), early failure 
of McKeever prosthesis was reported due to the rapid 
native trochlear wear (36). In 1979 a new generation 
implant, the Richards PFA, was presented but results were  
inconsistent (37). In the past few years the concept of PFA 
has been constantly evolving with introduction of new 
generation implants and surgical techniques.
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Resurfacing implants 

This kind of implants is meant to replace worn cartilage 
laying on subchondral bone. Being based on pre-existing 
anatomy of the native trochlea, anatomical parameters such 
as shape or orientation remain unchanged when using this 
kind of implants, the resurfacing implants are also defined 
as “Inlay”. This type of design allows a highly conservative 
bone preparation, flush with native surrounding cartilage 
and parallel to the original trochlear inclination. The 
mediolateral coverage of the trochlea is limited and the 
proximal extension of the component is contained by the 
trochlear cartilage surface.

Implant positioning highly depends on underlying 
trochlear anatomy, therefore the presence of trochlear 
dysplasia can lead to a greater risk of components 
malpositioning (in particular excessive internal-rotation) 
possible leading to instability or maltracking. In addiction 
surgical technique mainly relies on free hand preparation, 
leading to reduced reproducibility and accuracy in implants 
positioning. Associated surgical procedures are necessary 
in presence of excessive patella height and TT-TG (Tibial 
Tuberosity Tibial Groove) to achieve a proper patellar 
tracking.

Trochlear cutting implants

In 1990s the poor clinical results of first generation 
implants, mainly due to patellofemoral maltracking and 
instability, lead to the development of the second generation 
patellofemoral prosthesis, the so-called “Onlay design” 
These implants are based on TKA anterior flange, flush 
with the anterior femoral cortex, reducing the risk of 
potential impingement with residual trochlear bone (38,39). 

Second generations implants are characterized by a wider 
trochlea in mediolateral size, extending more proximally 
than the original cartilage, a less obtuse sagittal radius 
of curvature, a higher level of patellar constraint and a 
high asymmetrical lateral flange, in order to resist lateral 
dislocation quadriceps force (40).

The surgical technique is more reproducible and 
adaptable to the patient’s anatomic characteristics, allowing 
a better rotational control of the femoral component 
whatever the pre-existing anatomy, therefore additional 
extensor mechanism procedures are no longer systematically 
required in order to obtain implant stability.

These advancements in components design lead to 
reduction of snapping, catching and popping, allowing free 

transverse movement in full extension.

Indications

The success of the surgical procedure heavily depends 
upon patient selection. Most of the authors agree on 
performing PFA in isolated PFOA, whatever the aetiology, 
greater than Iwano stage 2. Another typical indication is 
failure of previous surgeries such as ATT osteotomy or 
cartilage regeneration procedures. A BMI higher than 
30 represents, according to van Jonbergen et al. (41), a 
relative contraindication. These findings are supported by 
Dahm et al. who reported significantly lower (P>0.03) KSS 
improvement in this category of patients despite not finding 
any significative difference in pain, knee flexion, satisfaction 
and progression of tibiofemoral joint OA (27). 

Observing that progression of Osteoarthritis to the non-
replaced tibiofemoral compartments is the main cause of 
revision in PFOA, presence of OA great than Kellgren-
Lawrence grade 1 in medial or lateral compartment, 
excessive valgus or varus and history of meniscal surgery 
represent an important contraindication. Other absolute 
contraindications are Complex Regional Pain Syndrome, 
Inflammatory diseases such as, chondrocalcinosis and 
rheumatoid arthritis, active infections and psychogenic 
anterior knee pain (42-44).

Outcomes

PFA is considered to have several theoretical advantages if 
compared to TKA, such as good bone-stock and soft-tissue 
preservation (31), reduced blood loss and hospitalization 
time (33) and more physiological knee kinematics 
potentially allowing faster recovery and better clinical 
outcomes (Table 1). 

Despite these considerations about re-creating kinematics 
close to physiology, the number of biomechanical 
studies investigating this aspect is limited and results are 
heterogeneous (40,45,56).

Resurfacing implants 

A large number of studies are available for first generation 
Inlay-design although heterogeneous in implanted 
prosthetic model, inclusion criteria and quality. Hoogervorst 
et al. reported good to excellent results in satisfaction score 
in 90% of patients, a survival rate of 73% at 10 years, with 
a TKA conversion rate of 21% at 5.5 years, mainly due to 
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TFOA progression (71% of cases) (28). These data appear to 
be comparable to the ones reported by Van Jonbergen et al.  
(84% survival-rate at 10 years) (41) and Cartier et al. (75% 
survival rate at 10 years) (47). 

Considering the 90% survival rate at 10 years, set as 
acceptable minimal threshold by ODEP benchmark for 
prosthetic implants, was not reached.

The author stressed the importance of carefully 
excluding TFOA, defined as the main cause of failure, in 
order to reduce the re-intervention rate after PFA (28).

Good to excellent long term results at a mean FU of 
17.8±0.8 years were reported by Kooijman et al. showing a 
98% survival rate and a satisfaction rate of 86% (46). These 
positive data are contrasting with the one observed by 
Argenson et al. reporting a cumulative survival rate of only 
58% at 16 years FU (29).

Regarding new generation Inlay prosthesis Feucht et al. 
reported in a short-term matched-pair comparison study 
(mean FU 24 months) with Onlay implants, similar result 
in clinical scores (P>0.05) and implant survivorship but a 
slower TFOA progression in the Inlay group (10).

Comparable results about the same implant have been 
recently reported by Cotic et al., in the authors’ view the 
more physiological placement of the Inlay prosthesis could 
reduce the risk of patellar overstuffing leading to a lower 
progression of TFOA (57).

According to these authors these so called “second 
generation implants” could increase patellar stability, 
without altering soft tissue tension and reducing the risk of 
patellar overstuffing (58,59). A recent mid-term study by 
Laursen et al., based on similar prosthetic design, reported 
a high revision rate (28%) at 6 years FU, leading the author 
to consider this kind of implants as a temporary solution, 
with good to excellent results in short-term period for 
younger patients ineligible for TKA (50). There is a need of 
long-term clinical studies in order to better define clinical 
results and revision rate of new Inlay prosthesis design 
which could diverge from the first generation one, even 
in consideration of the wider inclusion criteria used in the 
older studies including patients with initial signs of TFOA.

Trochlear cutting implants

The outcomes of Onlay design Implants were discussed by 
several clinical studies.

Halai et al. reported results about 31 patients (mean age 
65 years) affected by idiopathic PFOA with a mean follow-
up of 3.2 years, describing 78% of patient satisfaction with a 

97.6% survival rate (12).
Al-Hadithy et al. reported about 41 patients affected by 

isolated PFOA, evaluated at mean follow-up of 37 months, 
with improvement of Oxford Knee Score (from 19.7 to 
37.7) and a 97% survival rate (53).

These results seem comparable to those found in prior 
studies in which the percentage of good to excellent results 
was superior to 90% (30,60).

A slightly lower survivorship rate (82%) was reported 
by Mont et al. on 37 patients (mean age 49 years) and 
mean follow-up of 7 years (52). Outcomes of PFA in 
post-traumatic PFOA were described by Konan et al. 
reporting results on 51 patients (mean age 57 years). At 
the mean FU of 7.1 years the median Oxford Knee Score 
was 38 with excellent reported pain relief and functional 
outcomes. Survivorship was 96.1% and only two revisions 
were reported (one for residual pain and one for TFOA 
progression) (57).

In patients presenting PFOA variably associated to 
medial and/or lateral compartment OA and with intact 
ligaments, some authors suggest the combinations of PFA 
with unicompartmental knee arthroplasty (UKA). Data 
in literature reporting clinical results of these procedures 
combined are few, even though outcomes seem to be 
promising (61-64).

Further long-term high quality studies are needed to 
assess the clinical benefits of this implant association, even 
in consideration of the good results of TKA in treatment of 
PFOA (Table 2).

Complications

A high failure risk and complication rate in PFA was 
previously reported although nowadays improvement 
in prosthetic design and careful patient selection lead 
to better clinical results, with a significant decrease in 
complications rate.

A recent systematic review by van der List et al., 
combining cohort studies and registries, analysed the main 
causes of failure in PFA.

Early failure was most commonly due to unexplained 
pa in  (31%),  OA progress ion (24%) and pate l lar 
maltracking (14%) (69). The reason of unexplained pain 
can be found in both progression of OA or a specific 
prosthetic design issues (70-72).

The most  common reasons  of  la te  fa i lure  are 
represented by OA progression (46%), aseptic loosening 
(18%) and pain (9%) (69).
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An interesting finding is the association between OA 
progression and the indication to PFA: Argenson et al. 
reported a higher incidence in patients with primary PFOA 
(44%) than post-traumatic OA (17%) and patellar instability 
(14%) (29). Similar conclusions were proposed by Nicol 
et al. (73) and Dahm et al. (27). Other conditions, such as 
Infections and implant loosening, play nowadays a minor 
role in implants failure (69).

A meta-analysis by Monk et al. (74) reported decreasing 
in PFA complications rate in recent implants design (from 
39% to 14%) although still remaining higher than TKA 
(7%); the authors focused on the geometrical design of 
the prosthesis therefore attributing the most of the failure 
mechanism to a mechanical problem (instability, loosening, 
malalignment). A careful analysis of the risk-benefit rate 
should be accomplished by the surgeon, in accordance 
with the patient, in order to maximize the clinical results 
reducing the risk of further surgical revision.

Conclusions

PFJA has been considered an alternative to TKA in patients 
with advanced symptomatic isolated OA.

In the last decades new prosthetic design, materials and 
surgical techniques were developed changing radically 
the vision about patellofemoral replacement. Literature 
reports heterogeneous evidences of clinical results, from 
the excellent long-term follow-up outcomes described 
by Kooijman (mean FU 17.8±0.8 years, 98% survival 
rate and 86% satisfaction rate) (46) to the poorer ones 
reported by Argenson et al. (mean FU 16 years, cumulative 
survival 58% ) (29). Despite the high complication and 
revision rate observed in the first generation implants, 
the last clinical available studies show a trend towards 
improvement,  reporting a PFA complication rate 
decreasing from 39% to 14% even though still remaining 
higher than TKA (7%) (74). 

Nowadays there is still no consensus on the ideal 
trochlear design, even in consideration of the new 
generation Inlay models which showed similar result in 
clinical scores (P>0.05) and implant survivorship over 
Onlay models (10,52). Careful patients selection as been 
highlighted as the key of success but there is still no 
agreement over precise guidelines for indicating PFA 
Further high level long term and randomized controlled 
studies are needed to confirm good results of PFA. Surgeons 
have to weigh the long-term success rate of TKA with the 
good clinical results in short-midterm FU of PFA, which T
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also do not interfere with further conversion to TKA (75). 
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