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The Operative Management of Patella Malalignment
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Abstract: Management of patellofemoral joint pathology is challenging as a result of the unique and complex
organization of static forces and dynamic factors contributing to its functional capacity. Anterior knee pain is a common
musculoskeletal complaint seen daily in the practices of primary care physicians, rheumatologists, and orthopedic
surgeons. The key to successful treatment lies not only in the correct diagnosis of a chondral defect, but more importantly,
in the accurate identification of associated pathomechanical factors. Appreciating the pathoanatomic basis of the disease
and addressing imbalances and anatomical abnormalities should guide treatment.

Despite the complexity of the interplay of various components it is essential to attempt to describe patellar malalignement
as a clinical entity in order to proceed with appropriate surgical management and successful outcomes. The goals of
patellofemoral re- alignment surgery should be to create both a stable environment for optimal extensor mechanism
performance and an appropriate load transmission for optimal cartilage wear and joint loading. In the context of this
article we will review the operative management of patellofemoral malalignment; the indications for surgery, the different
techniques available and the evidence regarding their effectiveness.

A large number of procedures have been employed and they have all undergone various modifications over the course of
the years. The majority of publications are retrospective series in poorly defined population groups. There are significant
methodological inconsistencies and as a result there is lack of strong evidence base for the majority of these procedures.
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INTRODUCTION

The patellofemoral joint is a complex articulation and
alterations in its biomechanics can lead to abnormal load and
pressure distribution on the articular surfaces resulting in
cartilage breakdown, anterior knee pain and severe
functional limitations [1]. In addition malalignment predisp-
oses to subluxation and dislocation [2]. An understanding of
the basic concepts underlying patellofemoral joint
kinematics, acting forces and pressure distribution patterns is
essential for the surgeon in order to appreciate the pathology
and its progression and address it with appropriate surgical
techniques.

The patella is a sesamoid bone and its main function is
acting like a lever arm thereby enhancing the efficiency of
the extensor mechanism [3]. The medial and lateral facets of
the patella articulate with the femoral condyles. Between the
femoral condyles is the trochlear groove. In addition there is
often a third articulating facet on the medial patella ridge
which comes in contact with the medial femoral condyle at
120 degrees of flexion [4].

The flexion-extension pathway of the patellofemoral
joint is a complex and dynamic cycle. At full extension there
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is no contact between the patellar articulating surfaces and
the trochlear groove. Upon initiation of knee flexion, the
inferior pole of the patella first comes into contact with the
trochlea. Progression of flexion from 0 to 90 degrees leads to
proximal migration of the contact point towards the central
point. Beyond 90 degrees only the superior region of the
patella is in contact with the distal aspect of the trochlear
groove [5]. After 120 degrees of flexion only the medial and
lateral aspects of the patella come into contact with the
femoral condyles [6]. The contact surface area steadily
increases with increasing flexion to 60 degrees and thereafter
there is wide variability as a result of variation in individual
anatomy [7]. It is at low degrees of flexion that the knee is
least stable to lateral patellar movement [8]. The majority of
patellar motion throughout knee flexion is in the sagittal
plane.

The forces acting on the joint surfaces vary throughout
the cycle. In early flexion there is a small compressive force
vector which increases as flexion increases. The three major
forces acting on the patella are the pull of the quadriceps, the
patella tendon tension and the joint reactive force of the
patellofemoral joint. The forces acting on the patella have
been estimated as 1.5 times body weight at 30 degrees of
flexion to 6 times body weight at 90 degrees of flexion [7,
9]. The articular cartilage of the patella is the thickest in the
human body and this reflects the great pressures applied
throughout the patellofemoral joint during knee flexion [7].
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Management of patellofemoral joint pathology is
challenging as a result of the unique and complex
organisation of static forces (ligamentous and osseous
elements) and dynamic factors (neuromuscular) that
contribute equally to its functional capacity [1]. Bony
architecture and soft tissue balance are equally important.
The quadriceps and the patellar tendon have a balanced,
blended insertion and origin on the patella and generate the
majority of acting forces on the patellofemoral joint. The
patella is not a simple lever arm but a changing fulcrum
position for the quadriceps force. The medial and lateral
patello-femoral and patello-tibial complexes form the main
soft tissue static stabilisers of the joint [10]. Patello-femoral
function is also dependent on limb alignment, which
includes varus or valgus tibio-femoral alignment as well as
rotational variances.

Anterior knee pain is a common musculoskeletal
complaint seen daily in the practices of primary care
physicians, rheumatologists, and orthopedic surgeons. It has
been reported to affect as many as one in four individuals in
the general population [11] In the past, the term
“chondromalacia” was misused inter- changeably with
anterior knee pain or patellofemoral pain syndrome. The
implication that cartilage is the primary source of symptoms
is incorrect as the majority of patients presenting with
anterior knee pain do not have cartilage defects and cartilage
is aneural [12]. The prevalence of patellofemoral cartilage
defects is controversial, as it is unknown what percentage of
lesions become symptomatic enough to prompt evaluation.

The key to successful treatment of patients with anterior
knee pain lies not only in the correct diagnosis of a chondral
defect, but more importantly, in the accurate identification of
associated pathomechanical factors, such as patella alta,
trochlea dysplasia, increased lateral position of the tibial
tubercle to the femoral sulcus (previously assessed as a “Q”
angle), and secondary soft-tissue problems, such as a
weakened or hypoplastic vastus medialis muscle with a
contracted lateral retinaculum. These pathomechanics lead to
abnormal forces of the patellofemoral joint, which can cause
injury to the articular cartilage in itself through repetitive
micro- trauma or exacerbate the effects of a traumatic event.
The same factors contribute to patellar instability a generic
term for patellar dislocation, patellar subluxation (incomp-
lete dislocation) or when patients complain that their patella
feels like it will 'pop' out of joint.

Careful evaluation of symptoms, clinical examination
and imaging modalities all have a role in assisting the
process of diagnosis. Detailed discussion of these is beyond
the scope of this article. It is however important to briefly
outline some findings that would indicate patellofemoral
maltracking as the source of pathology. Physical
examination of the patellofemoral joint requires both static
and dynamic assessment. It consists of three parts in the
standing, sitting and supine positions.

Axial alignment of the lower limbs should be evaluated
in the standing position as abnormalities will alter the PFJ
biomechanics. Abnormalities of the pelvic geometry,
femoral anteversion as indicated by an inward pointing or
“squinting” patella, knee abnormalities such as genu varum
or valgum as well as limb length discrepancies should be
assessed at this stage. Any of these abnormalities can affect
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the Q angle. Most commonly an increased Q angle will lead
to an increased valgus force on the patella [13].
Abnormalities of gait may be secondary to antalgia at the
PFJ or be the cause of abnormal pathomechanics.

In the siting part of the examination thigh muscle girth
should be evaluated. Often atrophy of the vastus medialis
muscles contribute to patella maltracking. The anatomical
position of the patella should be carefully observed. Patella
Alta could contribute to patellofemoral disorder and
instability and if suspected should be radiographically
assessed using the [Insall-Salvati ratio. Radiographic
evaluation can also indicate other potential causes of
pathology such as trochlear dysplasia. A high tibial
tuberosity trochlear groove (TTTG) ratio should be
considered as a potential cause of maltracking. Rotational
malalignment should also be evaluated at this stage.

The final part of the examination in the supine position
will also assist in the evaluation of static and dynamic factors
affecting the functional capacity of the joint. A visual
inspection of the flexion-extension cycle will alert to
abnormalities of patella tracking. Lateral subluxation of the
patella in terminal extension is known as the J sign.
Although the true anatomic correlation of this phenomenon
is unclear Johnson et al. [14] showed that this is a finding
that is unique to patients with abnormal patella tracking. The
extensor mechanism can also be assessed by the active
quadriceps pull test. The medial and lateral patella
retinaculae can be assessed by the passive patellar glide test
and the passive patellar tilt tests respectively [15]. An
attempt to elicit the patellar apprehension sign of Fairbank
should also be performed at this stage.

Physical examination can therefore provide invaluable
clues as to the presence of patellofemoral maltracking and
determine the need for further evaluation and management.
Haim ef al [16] conducted a clinical trial to assess the
sensitivity and specificity of key patellofemoral physical
examination tests and evaluated the prevalence of
examination and radiographic findings. Only the patellar tilt
test and active instability test were positive in a significantly
greater proportion of patients with patellofemoral pain
syndrome and they demonstrated that physical examination
findings were more usefull than radiographs. Smith et al.
[17] conducted a systematic review suggesting considerable
disagreement on the reliability and validity of clinical Q
angle measurements. Davies ef al. [18] have studied 137
knees in order to identify a rapid and reproducible
radiological feature which would indicate the need for
further analysis and argued that the sulcus angle is an easily
and rapidly measurable feature which was reproducible and
was closely related to other features of dysplasia of the
extensor mechanism.

Non operative management has traditionally been the
initial approach to patellofemoral pathology and in
appropriately selected groups the results have been
satisfactory [10 ] Local and systemic analgesics can help
with symptom control. Heintjes et al. [19] performed a
systematic review and concluded that there is limited
evidence for the effectiveness of NSAIDs for short term pain
reduction in PFPS. The evidence for the effect of
glycosaminoglycan polysulphate is conflicting and merits
further investigation. The anabolic steroid nandrolone may
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be effective, but is too controversial for treatment of PFPS.
Physical therapy has focused on local muscle control and
joint function but recently there has been a shift towards
limb control and body positioning to reduce the abnormal
loads generated. Water based therapy has been regarded as
effective in further reducing these loads. In a Cochrane
systematic review [20] the evidence that exercise therapy is
more effective in treating PFPS than no exercise was limited
with respect to pain reduction, and conflicting with respect to
functional improvement. There is strong evidence that open
and closed kinetic chain exercises are equally effective.
Further research to substantiate the efficacy of exercise
treatment compared to a non-exercising control group is
needed, and thorough consideration should be given to
methodological aspects of study design and reporting A
variety of equipment such as tapes and braces have been
designed to assist with control and limit maltracking and
despite the limited clinical data to support their
effectiveness, the ease of application and lack of side effects
has made them quite popular.

In the context of this article however we will discuss
about the operative management of patellofemoral
malalignment; the indications for surgery, the different
techniques available and the evidence regarding their
effectiveness. Patellofemoral disease is one of the most
controversial management issues in orthopedic surgery.
Despite the complexity of the interplay of various
components it is essential to attempt to describe patellar
malalignement as a clinical entity in order to proceed with
appropriate surgical management [1] and successful
outcomes. Post et al. [21] eloquently described
malalignement as “ [a] malalignement of forces ... a concept
of imbalance that helps explain patellofemoral disorders ...
Treatment of malalignement must include consideration of
all contributing forces.” Appreciating the pathoanatomic
basis of the disease and addressing imbalances and
anatomical abnormalities should guide treatment. Fulkerson
[16] contributed significantly by providing a concise
classification scheme based on imaging modalities that
allows for different presentations of the maltracking
spectrum to be categorized and interventions to be targeted
accordingly. Dejour et al. [22] in 1987 established a
classification of patellofemoral disorders and described 4
major instability factors with a statistical threshold and 4
minor instability factors with no statistical threshold that
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should be addressed for successful treatment (Fig. 1). The
goals of patellofemoral re- alignment surgery should be to
create both a stable environment for optimal extensor
mechanism  performance and an appropriate load
transmission for optimal cartilage wear and joint loading.

SURGICAL MANAGEMENT

There is confusion as to whether surgical procedures or
conservative management provides the optimal result in
functional outcome and quality of life for participants
following patellar dislocation [23]. In current practice
indications for surgery after acute dislocation are failure to
improve with nonoperative care, osteochondral injury at time
of dislocation, continued gross instability, injury to the
MPFL-VMO mechanism, and high level athletes that
suffered a nontraumatic dislocation [24]. The aim of surgery
is to address the factors contributing to instability and
therefore reduce the potential for recurrent dislocation which
may substantially limit a patient's functional capabilities and
quality of life [25]. The patella can be stabilized in a more
medial (to the inside) position through interventions such as
medial augmentation or reefing, lateral release, Roux-
Goldthwaite procedures and tibial tubercle transfers [26].
MPFL reconstruction following rupture is also employed to
regain some passive constraint to abnormal lateral translation
(outward movement) of the patella [27]. A trocheoplasty
may be indicated in cases where there is an insufficient
groove or femoral trochlear for the patella to move within
due to trochlear dysplasia [28]. Even by 1966 more than 100
procedures had been described for the treatment of patellar
instability [29].

The effects of patellofemoral malalignement on abnormal
load bearing of the PFJ and subsequent cartilage wear have
been well established in the literature. In a series of 72 knees
managed with patellofemoral arthroplasty 85% required a re-
alignment procedure at the time of arthroplasty [30]. The
most prevalent area of chondral disease on the patella is on
the lateral facet [31]. This is due to the fact that the lateral
facet becomes overloaded more commonly than the medial
side and suggests that some degree of patella tilt or
malalignment is more common than we realize. The
importance of concomitant re- alignment is demonstrated in
early reports on patellofemoral autologous chondrocyte
implantation as good outcomes were reported in only 30% of
patients without corrective osteotomy [32]. Hay et al

Major Instability Factors

Minor Instability Factors

Trochlear Dysplasia

Q/IPFL
Patella Alta Rupture

TT-TG

Patellar tilt

Excessive external femoral rotation
Excessive external Tibial rotation
Genu recurvatum

Genu valgum

Fig. (1). Anatomic factors for objective patellar instability.
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reported a significantly greater incidence of lateral patellar
subluxation post TKR with a medial approach compared
with lateral approach group with tibial tubercle osteotomy
[33]. Realignment procedures alone have demonstrated
encouraging clinical outcomes with careful patient selection
and in cases of patellar maltracking associated with chondral
defects of the inferior and lateral patella. The experience
with treatment of other defect locations by realignment
alone, however, has been less satisfactory [12].
Malalignement has been reported as a primary failure mode
following patellofemoral arthroplasty [34].

In an attempt to define the indications for surgical
management of patellofemoral disorders Dejour described
three patterns of malalignment:

1. Objective patellar instability: Patients presenting with
this pattern will have a history of at least one true
dislocation of the patella (permanent loss of contact
between 2 joint surfaces), and at least one anatomic
abnormality.

2. Potential patellar instability: Patients in this group
will not have had any true patellar dislocation, but
will have pain and anatomic abnormalities.

3. Painful patella syndrome: These patients will have
neither dislocation nor anatomic abnormalities;
however, they will have pain.

He advocated surgery for recurrent dislocations in group
1 and claimed that painful patellar syndrome is not an
indication for surgery. His proposals have been contested by
advances in our understanding of the multifactorial
pathology and by the constant evolution of intervention
techniques.

PROXIMAL REALIGNMENT PROCEDURES

Proximal realignment surgery involving the soft-tissue
structures of the knee is performed to either tighten the
medial side (medial reefing, VMO advancement, MPFL
repair or reconstruction) or loosen the lateral side (lateral
release). These procedures can be performed open or
arthroscopically.

LATERAL RETINACULAR RELEASE (LRR)

This procedure has been widely utilized in clinical
practice since first described by Merchant and Mercer in
1974 [35]. It was not until 1999 when Post [36] outlined the
key physical examination findings that needed to be
determined for the evaluation of clinical instability, in order
for appropriate management decisions to be established. The
lateral retinacular release was initially indiscriminately used
for anterior knee pain, patella instability, and also as a
treatment for osteoarthritis of the patellofemoral joint. Ficat
[37] introduced the concept of the “excessive lateral pressure
syndrome” which helped to redefine the indication for this
procedure. It has now been recognized that this condition is
an acceptable indication for an isolated LRR that yields
reproducible and predictably good results [38].

The absence of published randomized controlled trials
(Level 1 evidence) on the topic makes it impossible to
conduct a formal systematic review as the majority of
available material consists of level 4 evidence (retrospective
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case series, review articles). Table 1 is an overview of the
published case series when isolated lateral release is utilized
to address patellar instability [39]. Despite initial reports of
acceptable success rates, most studies demonstrate
disappointing mid and long term results.

When assessing its effectiveness in the treatment of
recurrent dislocations Aglietti ef al. [40] showed that isolated
lateral release has poor outcomes and is associated with high
recurrence rates. Danier ef al. [41] concluded that in the
context of dislocation an isolated lateral release is as
effective as a diagnostic arthroscopy. Henry [42]
demonstrated  significantly inferior outcomes when
compared to open patellofemoral reconstruction in the
management of patellofemoral subluxation.

Gerbino ef al. [43] have demonstrated satisfactory
outcomes on a long term follow up study of adolescents who
underwent LRR (minimum 5 year follow up) but instability
patients were shown to have significantly higher re-operation
rates than tilt patients. Aderinto and Cobb [44] in a
retrospective study suggested that arthroscopic lateral release
is effective in reducing the pain of symptomatic
patellofemoral osteoarthritis and gives reasonable rates of
patient satisfaction irrespective of the presence of
tibiofemoral arthritis.

The evidence suggests therefore that the isolated use of a
lateral retinacular release of the patella has not proven to be
of long-term benefit for the treatment of patellar instability.
Richetti ef al. have conducted a level I1I systematic review of
the available literature to compare surgical success of lateral
retinacular release with or without medial soft tissue
realignment for recurrent lateral patellar instability [45].
They demonstrated that isolated lateral release yields
significantly inferior long term results with respect to
symptoms of recurrence.

The procedure should be reserved for the few patients
with a clearly identified lateral patella compression
syndrome in presence of a tight lateral retinaculum
(decreased lateral patellar tilt) following failure of six
months of physical therapy [39,46-49]. Pagenstert et al. [50]
conducted a level II prospective double blinded comparative
study demonstrating better clinical outcomes when
retinacular lengthening procedures were employed instead of
LRR in the treatment of lateral patellar hypercompression
syndrome.

As a result of the absence of strong evidence to suggest
favourable outcomes, even among experienced knee
surgeons with a special interest in diseases of the
patellofemoral articulation, isolated LRR is rarely performed
nowadays [51]. Various authors have suggested that a lateral
release procedure may be added as an adjunct to a proximal
or distal patellofemoral realignment procedures [38,52,53].
In these cases the release has to be done judiciously and has
to be gauged by the desired effect. Various authors [54,55]
have demonstrated that LRR can also be a useful adjunct to
medial retinacular augmentation procedures. Wu [56] has
also suggested that in the elderly population who are not fit
for arthroplasty, a combined LRR with drilling
chondroplasty is a feasible alternative for the treatment of
patellofemoral  osteoarthritis with acceptable clinical
outcomes.
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Table1. Results of Lateral Release for Patellar Instability

Authors No. Knees Follow Up (Yrs) Satisfactory Results

Merchant and Mercer [35] 20 1 85

Metcalf [65] 93 4.5 74

Simpson and Barrett [66] 55 1.5 84

Bigos and McBride [67] 102 1 84

Chen and Ramanathan [68] 41 6 86

Ogilvie-Harris and Jackson [69] 16 5 44

Dzioba [70] 60 1.5 87

Scott [71] 67 2.5 60

Henry and Pflum [72] 100 3 88

Schonholtz et al. [73] 15 4 67

Sherman et al. [74] 45 2 75

Aglietti et al. [40] 21 5.5
Dandy and Desai [75] 41 4 90
Panni et al. [46] 50 8 50

Despite the procedure often been regarded as simple and
forgiving, the most imminent danger and complication of an
isolated lateral release is the overzealous or nonindicated
release leading to medial patella instability [57-59].
Hayworth ef al. [60] have examined the use of open lateral
retinacular closure in patients who develop anterior knee
pain and positive medial patellar apprehension test post
LRR. They have shown that this novel but simple procedure
can provide significant pain relief and improvement in
functional scores. Similarly Teitge ef al. [61] have suggested
that reconstruction of the lateral patellofemoral ligament is
useful in eliminating the symptoms related to medial
instability of the patella after failed lateral retinacular
release; however, it must be considered a salvage procedure
because it does not address the pathomechanics that led to
the initial patellofemoral symptoms.

There are also concerns that the retinaculum should not
be released past the proximal pole of the patella to avoid
detachment of the vastus lateralis obliquus with resultant
weakening of the quadriceps mechanism. However results
produced by Woods et al. [62] argue against this. In the
presence of severe medial patellar articular lesions a LRR
may increase the load to the defect which may be
detrimental. Pawar et al. [63] have recently raised awareness
by documenting the great incidence of transient patellar
hypovascularity associated with lateral release on a
prospective study of knees wundergoing total knee
replacement with lateral retinacular release.

In a prospective, randomized outcome study O’Neill [64]
compared open with arthroscopic lateral release. With a
mean duration of follow up of forty six months they did not
demonstrate any statistically significant difference in
functional scores, deficits in the range of motion, atrophy
(the circumference) of the thigh, operative or postoperative
complications, or the need for subsequent operative
procedures. Additionally, no significant difference could be
detected between the groups with regard to the results of

open or closed-chain testing with an isokinetic dynamo-
meter. The only significant difference was demonstrated in
scores on the knee-rating system of Lysholm and Gillquist as
modified by Tegner and Lysholm where higher percentages
of patients undergoing open release scored 80 points or
more. The author has suggested that the current trend
towards arthroscopic procedures is not supported by
evidence in the literature. Lattermann et al. [47] performed a
systematic review of the literature available and found no
statistically significant differences between the open and
arthroscopic groups. Only one of the ten studies included
was a randomized clinical trial.

The recent literature does not support the use of an
isolated lateral release for the treatment of patellar
instability. There is a role for LRR as an adjunct in proximal
and distal realignment procedures. In the context of lateral
patellar hypercompression syndrome, LRR still has a
potential role despite the recent advent of novel procedures
such as retinacular lengthening. LRR is still a useful adjunct
in various procedures addressing patellofemoral osteoarthr-
itis with good outcomes in appropriately selected population.

MEDIAL RECONSTRUCTION PROCEDURES

Restoration of normal anatomy is essential in addressing
patellofemoral maltracking. Reconstruction of the medial
stabilizers has a key role either as an adjunct to distal
realignment procedures (in patients with abnormal throchlea
sulcus - tibial tubercle angles) or as an isolated procedure
particularly in the context of recurrent patella dislocators
who have failed conservative management. MPFL laxity as a
clinical and investigative finding should be established for
the procedure to be appropriate [76]. Various techniques and
approaches have been described, including primary repair
with or without augmentation, and reconstruction using
autogenous tendon, allografts, and synthetic graft materials.
These procedures share the common objective of addressing
the essential lesion in lateral patellar instability to restore the
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normal passive restraints against lateral patellar displace-
ment.

The medial patellofemoral ligament (MPFL) has been
recognized as the most important medial structure in
maintaining normal patellofemoral tracking throughout knee
flexion [77]. As flexion increases from 20 to 30 degrees the
lateral facet of the patella comes into contact with the medial
aspect of the lateral femoral condyle. This serves as a bony
buttress preventing excessive lateral translation. Flattened,
dysplastic femoral condyles are commonly encountered and
this anatomic variation can result in patellofemoral
maltracking and instability. Soft tissue stabilisers include the
MPFL, the medial patellomeniscal ligament, the medial
patellotibial ligament, the medial retinaculum and the lateral
retinaculum [78].

The MPFL is the most important of these structures in
maintaining patellofemoral stability and has been shown to
contribute over 50% of the forces preventing lateral
displacement of the distal knee extensor mechanism [79].
MPFL rupture has been shown to occur at 26mm and since
patellar  dislocation  generally requires 50mm  of
displacement, the MPFL must tear [17]. Following a patellar
dislocation, tears of varying degrees to the MPFL have been
shown to exist in 94% of patients [80]. Various surgical
techniques have been described to repair or reconstruct this
structure in patients with patellofemoral instability.

Medial soft tissue reconstruction procedures have a
crucial role in restoring normal soft tissue anatomy and
improving outcomes. Many reconstructive procedures have
been described to address insufficiency of the medial soft
tissue. These have ranged from distal realignment procedures
[81] lateral release and repair, imbrication, or reconstruction
of the medial structures [82-86]. Various techniques for
reconstructions of the MPFL with semitendinosus [87],
gracilis [88], quadriceps tendon [89] and even synthetic
grafts [90] have all been described. No clear data have been
presented demonstrating the superiority of one surgical
technique over another [91].

Isolated lateral releases in the context of treatment of
patellofemoral instability have demonstrated poor long term
results [39,42] and the use of medial soft tissue
reconstruction techniques as an adjunct has been shown to
improve positive outcomes [45,55,54]. Trochleoplasty has
been advocated as a procedure to address instability
secondary to trochlear dysplasia with fairly good outcomes
[28, 92] but the use of medial soft tissue reconstruction
procedures has demonstrated superior results in this
population group [93]. In cadavers with normal lower limb
alignment (normal Q angles) MPFL reconstruction reduced
lateral patellar subluxation to a greater extent than tibial
tubercle medialisation procedures [94].

In a long term follow up study on their series of MPFL
reconstructions using transferred semitendinosus tendon
Deie et al. [95] reported significant improvement in outcome
scores and no dislocations at 5 years. Fernandez et al. [96]
reported similar outcomes at mean follow up of 38 months.
Nomura et al. [97] reported 66% excellent results with an
average follow up of 4.2 years and no cases of recurrent
dislocations or apprehension. Their reconstruction was
augmented with repair of remnant MPFL. Other authors
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have reported on their series demonstrating no cases of re
dislocations or apprehension at follow up intervals varying
from 31.5 months [98] to 38 months [96]. Schottle ef al. [84]
presented a series of 15 knees with MPFL reconstruction
using semitendinosus autograft with a mean follow-up of 47
months. They had significant improvement in Kujala's scores
(55.0 to 85.7), 2 redislocations (bilateral in same patient), 3
knees with residual apprehension, and 2 knees with patella
baja. Gomes et al. [99] reported on MPFL reconstruction
performed on 16 knees using semitendinosus autograft with
a follow-up of at least 5 years. In their series, they had no re
dislocations and 1 knee had patellar apprehension. There
were 11 excellent results, 4 good, and 1 poor. Using
Fulkerson’s functional knee score, Drez et al. [98], have
demonstrated 93% overall improvement in their series.

Proximal soft tissue realignment procedures have
evolved in recent years to include minimally invasive
techniques in order to avoid the significant morbidity
associated with major surgery. Xu ef al. [100] have recently
described a minimally invasive medial imbrication procedure
using an all inside arthroscopic technique and two epidural
needles without any accessory portals. Using lateral release
procedures as an adjunct they have reported on improved
patellofemoral tracking. Advancement of the MPFL has been
advocated as an alternative to reconstruction techniques
associated with good outcomes and reduced morbidity [101].
Satterfield ef al. [83] have described an arthroscopic patellar
“Bankart” repair after acute dislocation.

Yan et al. [102] reported statistically significant
improvements and no recurrences at 19 months follow up in
their series of adolescent patients. They used an arthroscopic
reconstruction technique utilising trabs of medial soft tissues
(medial patellar retinaculum, joint capsule and vastus
medialis oblique muscle fiber) to avoid morbidity at the
donor sites for previously described grafts. Zhao ef al. [103]
conducted a randomised controlled trial (level II evidence)
and concluded that arthroscopic medial retinaculum plication
(MRP) is less reliable for maintaining the corrected position
of the patella and for functional recovery compared with
vastus medialis plasty for recurrent patellar dislocation in
adolescents. In their series with an average follow up of 4.7
years Xu et al. [104] concluded that arthroscopic MRP is not
reliable for maintaining the corrected position of the patella
for recurrent patellar dislocation in adolescents, though
functional improvements are significant. Wang et al. [105]
reported that the combination of MPFL reconstruction with
vastus medialis advancement is better than isolated
reconstruction to improve the subjective effects and decrease
the patellar instability rate for chronic patellar dislocation.

Krause et al. [86] have produced medium term results
following vastus medialis obliquus plasty demonstrating
below average re-dislocation rates and reduced rates of
retropatellar arthrosis as well as allowing a greater degree of
adaptation. Zeichen et al. [106] have produced interim
results on their large series of patients treated with by Insall
proximal reconstruction (vastus medialis transfer and lateral
release). Their results show good clinical results for the
treatment of acute patellar dislocation in young, active
patients. The recurrence rate of patellar dislocation can be
reduced and subjective satisfaction with this procedure is
rated very well.
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Various new techniques for graft harvesting, positioning
and attachment have recently been described in an attempt to
improve outcome measures and reduce morbidity [107]. The
majority, however consist of level III-V evidence from
reported series and their outcomes are inconsistent. In a
systematic review of 21 studies addressing MPFL reconstr-
uction Fisher er al. [108] have recently recommended the
need for improved outcome measurements to determine the
efficacy of these procedures.

In a systematic review of the available literature, Smith et
al. [17] identified 8 papers collectively assessing 186 MPFL
reconstructions. Following critical appraisal of the papers a
number of methodological weakness where identified.
Authors recommended future studies should address these
methodological flaws to begin to assess the effectiveness of
this procedure. There is yet no sufficient evidence available
for a clear consensus as to the best method for proximal soft
tissue realignment.

DISTAL REALIGNMENT PROCEDURES

Distal realignment procedures consist of tibial tubercle
transfers with the patellar tendon to improve tracking of the
patella. Roux in 1888 was the first to introduce the concept
of distal realignment by means of tibial tubercle transfer. In
recent decades various modifications of the procedure have
been described by authors like Elmsie and Trillat [109],
Magquet [110] and Fulkerson [111]. These procedures are
primarily indicated in patients with patellar subluxation,
increased Q angles and abscence of hyperlaxity. Fulkerson et
al. [16] have pointed out that less than 2% of patients with
patellofemoral pain require a tibial tubercle transfer. As
noted by Morshuis ef al. [112], distal realignment procedures
result in satisfactory results in about 2/3 patients who have
patellofemoral pain and x-ray evidence of arthrosis but
nearly all patients w/ patellofemoral pain w/o x-ray evidence
of arthrosis had good or excellent results. The majority of
distal realignment procedures are nowadays performed
together with proximal realignment to address the complex
factors contributing to maltracking and instability. In a
review the evaluation and management of patellofemoral
instability Boden ef al. [ 113] commented that although no
ideal treatment exists for patellofemoral arthritis, mechanical
symptoms may be alleviated by arthroscopic debridement of
lesions. Articular cartilage-wear disorders may be stabilized
by addressing the primary causative disorder by means of
realignment procedures.

In 1938 Hauser [114] a technique for medialising the
tibia tubercle to decrease the Q angle. The concurrent
posterior tranlsation resulted in an increase in patellofemoral
contact forces and the procedure had unfavorable outcomes.
The Maquet procedure [110] aimed at addressing this by
means of anterior translation relying on principles derived
from biomechanic studies indicating that it should reduce the
patellofemoral stress levels. The results have not been shown
to be superior to medialisation procedures [115]. The rates of
failure in long term follow up studies have caused many
modifications in this procedure [116].

The Elmslie-Trillat procedure involves lateral retinacular
release, medial capsular reefing, and medial transposition of
the anterior tibial tubercle hinged on a distal periosteal
attachment. It is an easily performed procedure and is an
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excellent method for realignment of the extensor mechanism
in cases of dislocation and subluxation of the patella. The
procedure has been used since the early 70s with favorable
outcomes reported [117]. There have been many
modifications over the course of the last 40 years in attempts
to improve outcomes and address patellofemoral pain
secondary to instability and maltracking.

Endres et al. [118] conducted a retrospective study of 18
patients with a follow up time of 10 years and recently
presented their results. They recommended the procedure in
cases presenting with an increased gq-angle, trochlea
dysplasia or failed soft tissue surgery. In their study the
majority of patients reported a return to previous sporting
activity ten years after surgery and there was only one case
of persistent instability. Nakajima ef al [119] have
recommended the use of the procedure, in combination with
lateral release as a useful surgical treatment that can
eliminate patellar subluxation after TKA in cases with
component malposition. Whiteside [120] has described a
series of 31 knees undergoing total knee arthroplasty
requiring distal realignment procedures to correct lateral
patellar subluxation that could not be corrected by lateral
release or VMO advancement. The results reported were
satisfactory with low complication rates.

In their retrospective study, Dannawi et al. [121]
evaluated the use of the Elmslie Trillat procedure in patients
with recurrent patellar dislocation, patellofemoral pain due to
maltracking or both. They concluded that the procedure s a
good surgical option for treatment of recurrent patella
instability following failed conservative therapy. However,
the results are not as favorable for patients with
patellofemoral pain without instability. Similarly Kumar et
al. [122] have demonstrated more favorable outcomes in
patients whose primary symptom was dislocation rather than
pain.

In a study to evaluate mid- and long-term results of the
modified Elmslie-Trillat a swell as factors affecting
outcome, Karataglis et al. [123] analysed their results and
revealed a better functional outcome when the operation was
performed for patellar instability, as well as in the absence of
grade 3 or 4 chondral changes in the patellofemoral joint at
the time of operation. The authors have suggested that the
Elmslie-Trillat procedure satisfactorily restores
patellofemoral stability and offers a very good functional
outcome, especially in the absence of significant chondral
changes in the patellofemoral joint at the time of operation.
Their findings are in agreement with previous reports by
Naranja et al. [124] who demonstrated more favourable long
term functional outcomes in young patients without evidence
of progressive osteoarthrosis and with patella instability as a
primary symptom.

In a 28 year follow up study, Carney et al [125]
demonstrated that the prevalence of recurrent subluxation
and dislocation in patients with patellofemoral malalignment
who underwent the Roux-Elmslie-Trillat procedure for
dislocation or subluxation of the patella is similar at 3 and 26
years after the procedure. The long-term functional status of
the affected knee in patients who underwent the Roux-
Elmslie-Trillat procedure declined. Similarly Nakagawa et
al. [126] demonstrated a deterioration of long-term clinical
results after the Elmslie-Trillat procedure for dislocation of
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the patella as a result of the onset or worsening of
patellofemoral joint pain, not patellar instability. In a case
series of 35 knees with average follow up 98 months, Barber
et al. [127] concluded that the Elmslie-Trillat procedure is
successful in eliminating recurrent instability in patients
failing conservative management.

Rillman et al [128] have proposed a Fulkerson's
modified Elmslie-Trillat procedure for objective patellar
instability and patellofemoral pain syndrome. Based on their
results authors have concluded that the operation is an
excellent treatment method with a very low morbidity for
patients with patellofemoral malalignment after failed
conservative treatment. Palmer et al. [129] have proposed a
surgical procedure consisting of a lateral release, a VMO
advancement and a tibial tubercle transfer tailored to each
patient in an attempt to correct all the abnormalities of
patellofemoral maltracking. At mean follow up of 5.6 years
they demonstrated good to excellent results in the majority
of cases with low complication rates.

The Fulkerson osteotomy is an anteromedial tibial
tubercle transfer advocated in the treatment of chronic
patellofemoral  malalignment with severe articular
degeneration (Outerbridge type III-IV) particularly in the
lateral and distal regions of the patella [130].
Karamehmetoglou ef al. [131] have reported on a series of
21 such cases treated with Fulkerson osteotomies. The
results using fulkerson’s criteria and pain and instability
scores showed significant improvement. Anteromedial
tubercle transfers have been advocated as appropriate
surgical management in patients with patellofemoral
arthrosis with severe maltracking whereas medialisation
alone has been recommended for cases of mild to moderate
maltracking [132]. Price et al. [133] advocated that the
Fulkerson procedure appears to be an excellent treatment
option in patients with a chronically dislocated patella
component after total knee arthroplasty.

The goals of a corrective osteotomy of the tibial tubercle
are to normalize the TT-TG distance and thus transfer stress
from areas of chondrosis to areas of intact cartilage, and
increase patellofemoral contact area by improving congruity,
thereby decreasing contact stress. Several variations of tibial
tu-bercle osteotomy have been developed over the years. The
Fulkerson anteromedialization tibial tubercle osteotomy has
gained popularity in the United States as a modification of
the Elmslie-Trillat procedure in that it allows a more
aggressive anterior translation than the latter [134]. A study
[135] used cadaveric human knees to compare the effects of
medializing and anteromedializing the tibial tubercle during
procedures to correct patellar instability in adults. Their
results demonstrated that both procedures improved
abnormal contact pressures and patella maltracking.
Medialization improved the shift of force to the lateral facet
created by an increased Q-angle, however, whereas
anteromedialization did not.

Due to the higher morbidity associated with distal
realignment procedures; Lim et al. [136] have proposed a
management algorithm for clinical practice. They conducted
a prospective cohort study of 23 patients and concluded that
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patients with significant patellar maltracking following
traumatic patellar dislocation would benefit from distal
realignment using the Elmslie-Trillat or Roux Goldthwaite
procedure. Otherwise, a proximal soft tissue procedure
involving MPFL reconstruction would be adequate.

Koeter et al. [137] have recently described a modified
tibial tubercle osteotomy for patellar maltracking and their
results at two year follow up. They performed a subtle
transfer of the tibial tuberosity according to the information
gained from the pre-operative CT scan. According to their
results if carefully performed, this type of transfer of the
tibial tubercle appears to be a satisfactory technique for the
treatment of patients with an increased tibial tubercle-
trochlear groove distance and who present with symptoms
related to lateral maltracking of the patella.

Marcacci et al. [138] performed a modified version of the
Elmslie-Trillat procedure in patients who demonstrated
continued dynamic instability of the patella after tibial
tuberosity transfer. The modification was the use of the
medial third of the patellar tendon to help further stabilize
the patella. At 5 year follow excellent results have been
shown with no reports of recurrent dislocations. Dicks ef al.
[139] performed a study comparing the outcomes of patients
with a maltracking patella versus patients with a
subluxation/dislocation history and anatomical abnormalities
undergoing computed tomography (CT)-guided tuberosity
transfer. Based on the results patients with a lateral tracking
patella were 2.6 times more likely to have an improvement
in pain after surgery compared to patients with a history of
dislocation. The authors advise separating patients with a
maltracking patella as the cause of their generalized
patellofemoral pain since surgical treatment appears to
improve their symptoms.

Distalisation of the tubercle has been described as a
beneficial procedure for treating patients with painful patella
alta [140]. Corection of the Caton-Deschamps index along
with significant improvements in stability have been
demonstrated by distal translation of the tubercle in 61 knees
with patellofemoral maltracking and patella alta [141].
Neyret et al. [142] have described an adjuvant procedure to
distal tubercle transfers aimed at reducing the patellar tendon
length in patients with length greater than 52mm.

The available literature suggests that distal realignment
procedures and their modifications have an important role to
play in the management of patellofemoral instability and
maltracking. They address biomechanical alterations by
affecting the Q angles and correcting the tibial tuberosity-
trochlear groove values. Progressive retropatellar arthrosis is
often seen in dated rigid distal realignment (i.e. osteotomy of
tuberosities) at long-term follow-ups. Therefore, operations
for lateral dislocation of the patella are still discussed
controversially. Dynamic, proximal realignments seem to
have lower rates of arthrosis but higher rates of re-
dislocation. The need for precise definition of the underlying
pathology and the establishment of management protocols
with defined indications for each procedure still remains an
issue. The reports available consist primarily of case series
and cohort studies as well as biomechanical studies lacking
strong evidence.
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OTHER BONY PROCEDURES
Trochleoplasty

The instability caused by a dysplastic lateral femoral
condyle has been addressed by many different procedures
and surgical techniques have been described as early as
1915. Aylbee [143] described a lateral-facet elevating
trochleoplasty, elevating the lateral femoral facet to block the
tendency of the patella to dislocate. Masse [144] was the first
to introduce the procedure of sulcus deepening
trochleoplasty in 1978. It is designed to abolish the
prominence of the trochlear sulcus and to establish a groove
of correct depth. The procedure was modified by Dejour
[145] in 1987 when he defined and classified trochlear
dysplasia and determined the indications for the procedure
(Fig. 2). His classification has proven to be valid, reliable
and reproducible [146].

Von Knogh ef al. [147] have conducted a retrospective
study of 45 knees with a mean follow up of 8.3 years. The
authors concluded that the procedure treated the recurrent
dislocation, but its effects on pain and degenerative changes
were unpredictable. Donnell ef al. [25] have reported on their
series of patients undergoing a modified Dejour
trochleoplasty and have commented that trochleoplasty for
severe dysplasia of the femoral sulcus is a developing
procedure. It requires careful attention to detail. For a rare
condition their early results have been satisfactory with an
acceptable level of complications. Thaunat ef al. [148] have
recommended the use of recession wedge trochleoplasty as

Shallow trochlea
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an additional procedure in the surgical treatment of patellar
instability with major trochlear dysplasia. Their early results
in a series of 19 knees have been encouraging. In
comparison to other surgical procedures stabilizing the
patellofemoral joint, trochleoplasty is a major operation with
an arthrotomy, and associated typical risks of open surgery
such as arthrofibrosis. Blond and Schottle [149] have
recently proposed an arthroscopic approach to reduce
morbidity and improve postoperative management. They
have not yet reported on their series.

In a systematic review of the literature, Smith and Leigh
[150] in 2007, identified and reviewed six clinical papers and
concluded that trochleoplasty is a safe and effective
procedure in patellar instability due to trochlear dysplasia.
They commented however on the methodological limitations
of the current evidence base as the major limitation of their
review conclusions. Although results seem very good in
terms of instability, further evidence is still needed since the
groups of patients in the published series are heterogeneous
[151].

Trochlear dysplasia is associated with recurrent patellar
dislocation, but it is unclear whether the dysplasia is
congenital, the result of lateral tracking and chronic
instability, or caused by a combination of factors. It should
be considered as a component of the multifactorial
patellofemoral instability and maltracking. Evidence from
reported series suggests that it should be reserved for severe
dysplasia in which patellofemoral stability cannot otherwise
be obtained [152].
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Fig. (2). Trochlear dysplasia classifications by Dejour.
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Patellar Osteotomy

This is a procedure that has been advocated as an adjunct
to trochleoplasty in cases of severe patella dysplasia such as
Wiberg type III configuration. due to the high technical
demands and complication risks it is not a widely
recomended procedure. Various modifications have been
reported in case reports and small series [145] but the current
evidence base is limited.

Tibial and Femoral Osteotomies

Patellar instability and maltracking can be secondary to
lower limb malalignment. A hypoplastic lateral femoral
condyle leads to valgus angulation increasing the Q angle
and the lateral pull forces on the patella. Distal femoral varus
osteotomy (FVO) can be indicated for young active patients
who have lateral unicompartmental osteoarthritis in a valgus
knee originating in the femur. However, its indication
remains controversial when associated patellofemoral
osteoarthrosis is present. Zarrouk et al. [153] conducted a
retrospective study of 22 knees and concluded that the
association of patellofemoral osteoarthritis does not affect
the functional results. No studies exist examining the effect
of varus and femoral derotation osteotomies on realignment
and patellofemoral osteoarthrosis.

Torsional deformities such as excessive femoral
anteversion and tibial external torsion can also contribute to
malalignment. Again there are very limited studies to assess
the effects of de rotational osteotomies on improving
maltracking as the risks associated with such major
procedures make surgeons reluctant to employ them for the
management of these conditions. Paulos ef al [154]
performed a cohort study of twenty five patients with
dislocating patella and malalignment who were divided in
two treatment groups. Group I was treated by means of a
derotational high tibial osteotomy and Group II by proximal-
distal realignment procedures. Group I outcomes were
significantly better throughout outcome measures and the
authors have suggested the simultaneous correction of
ligament imbalance, excessive tubercle-sulcus angle, and
lower limb torsional deformity produced significantly better
results than conventional proximal-distal realignment.

CONCLUSION

The  surgical management of  patellofemoral
malalignment and instability remains a highly controversial
topic in Orthopaedic Surgery as a result of encompassing a
wide spectrum of pathologies around the patellofemoral joint
rather than a unique clinical entity. Definitions established
few decades ago are still commonly used with various
modifications. The multifactorial nature of these pathologies
creates further confusion and inconsistency in available
literature. There is a need for defining different patient
populations in order to study interventions and determine
their indication. Even within these population groups it is
imperative to define means by which anatomical
abnormalities can be quantified.

There is a large number of procedures which have been
employed in the surgical management of these pathologies
and they have all undergone various modifications over the
course of the years. Surgical procedures may be divided into
those that address the soft tissues (ligaments, muscles) and
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those that effect bony changes. To remedy patellar instability
and maltracking, the surgeon will need to combine soft-
tissue and bony procedures.

As a result of the above, there is lack of strong evidence
base for the majority of these procedures. The greatest
proportion of studies mentioned are retrospective series in
poorly defined population groups. There are significant
methodological inconsistencies as to the inclusion criteria,
the indications for interventions and the outcome measures
employed.
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