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INTRODUCTION
Patellofemoral instability can be a disabling condition 

and most commonly affects young patients.Primary patellar 
dislocation has been reported to occur at rates of 5.8 per 
100 000, with recurrence following conservative management 
occurring between 15% and 44% [1,2]. Even without recurrence, 
a significant proportion of patients continue to suffer with pain 
and instability after the initial dislocation [3]. Furthermore, it has 
been shown that people with long term patellofemoral pain show 
significantly more depression, hostility, passive attitude, mental 
distress and lower levels of self perceived health compared to 
a matched group of people without anterior knee pain [4,5]. 
Treatment for this condition is multifactorial and dependant 
on establishing the correct diagnosis, predisposing factors and 
addressing them appropriately.

Bony structure of the patellofemoral joint

The patella is the largest sesamoid bone in the body, situated 
within the quadriceps tendon. The anterior surface is slightly 
convex in shape and divided into three parts. The quadriceps 
tendon inserts into the rough superior third and continues 

superficially to cover the anterior surface and form the deep 
fascia, which is adherent to the bone. The middle third of the 
patella has numerous vascular orifices. The inferior third is the 
insertion point of the patella tendon.

The posterior surface of the patella is divided in an inferior 
and superior portion. The inferior portion is non-articulating 
and represents up to a quarter of the patellar height. The 
remainder of the surface forms the superior portion, which is 
the articulating surface and covered by hyaline cartilage. The 
cartilaginous posterior surface is further divided by a rounded 
vertical ridge. It has a large, lateral portion for articulation with 
the lateral condyle of the femur and a smaller, medial portion for 
articulation with the medial condyle of the femur. The medial and 
lateral facets are divided into superior, middle and inferior facets. 
There is a seventh facet termed the ‘odd facet’ located medially 
to the medial facet. This does not articulate with the femur until 
flexion exceeds 90 degrees [6].

With increasing knee flexion, the contact pressure moves 
proximally on the patella up to the superior pole and onto the 
quadriceps tendon. These contact pressures and tracking path 
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Abstract

Patellofemoral instability and pain is a troublesome condition, affecting people in 
a significant manner. Its aetiology is multifactorial and can be related to either a soft 
tissue, bony or combination of soft tissue and bony pathology. 

Soft tissue pathology can be divided into static (medial patellofemoral ligament, 
capsular structures and laxity) and dynamic (muscular (especially the vastusmedialis 
muscle) and neuromuscular control of quadriceps and gluteus muscles). Bony pathology 
can be divided into proximal (patella and trochlea morphology and position) and 
distal (Q angle and tibial tubercle/trochlear groove distance).  

Treatment can include physiotherapy, bracing or surgery.  Surgical options include 
proximal and distal soft tissue procedures (such as medial patellofemoral ligament 
reconstruction or patellar tendon transfer) or bony procedures (trochleoplasty, tibial 
tubercle transfer).  The choice of treatment method depends on underlying pathology, 
patient preference and success of previous therapy. We propose an anatomically 
based method of assessment and review the literature to assess the outcomes of the 
various available treatment methods.
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within the trochlear can be affected by the osseous geometry of 
the patella.

Patellar dysplasia

Wiberg [7-10], has described three basic shapes of the patella 
(Figure 1) based on the position of the vertical ridge; type1: 
medial and lateral facets are roughly of the same length; type 
2: is the most common and occurs when the medial facet is only 
around half the length of the lateral facet and type 3: lateral facet 
makes up the majority of the posterior surface (medial facet is so 
far medial that the central ridge is barely noticeable).

CLINICAL ASSESSMENT
Identification of the causative factors underlying PFJ 

pathology is dependent on detailed history and full examination 
of the affected knee. 

Relevant history (non-exhaustive list) includes:

[1] History of trauma to knee

[2] Did the kneecap dislocate if so did it reduce spontaneously.  
How often has this occurred?

[3] Is pain or instability the main symptom.  Anterior pain is 
more difficult to resolve with surgery than instabililty [11].

[4] Is there an activity type (eg running, skiing, squatting, 
jumping) that make the pain or instability worse?

[5] What treatment has taken place so far: if physiotherapy 
has been given, what form did this take?

[6] How do the symptoms affect the patient’s day to day life 
or sporting aspirations?

A comprehensive clinical examination underpins the 
diagnosis and management and should include:

[1] Alignment and Q angle

[2] gait (antalgic, varus or valgus thrust)

[3] Swelling (indicates an irritable knee or damage to 
intracapsularsturctures)

[4] Patellofemoraljoint examination: patellar tilt tracking, 
patellar quadrant movement (medial and lateral indicating 
tightness of medial and lateral structures), patellar apprehension, 
medial and lateral facet tenderness and tenderness of the fat pad 
and patellar tendon.

[5] hyperlaxity examination (for example a Beighton score 
[12])

[6] Completion of knee (cruciate and collateral ligaments, 
menisci) and hip examination

RADIOLOGICAL ASSESSMENT
The clinical examination should be supplemented with 

radiological examination of the knee. Initially, radiographs of the 
affected knee should be requested, including a weight bearing 
AP, lateral and skyline view of the affected (and normal) knee. 
Merchant views performed with the knee at 30 degrees of flexion 
provide a good plain film representation of patellar position in 
the trochlea.  The radiology of patella alta and patellofemoral 
dysplasia also needs to be considered [13].

Further imaging modalities, such as CT and MRI should be 
requested following the clinical findings

TREATMENT OF PFJ INSTABILITY

Neural pathway and the role of physiotherapy

Physiotherapy and activity modification form the mainstay 
of initial management of PFJ instability.  Physiotherapy includes:

[1] Patient education as to the underlying pathology

[2] Muscle strength and conditioning: in particular inner 
quadriceps (vastusmedialisobliquus) and gluteal muscle 
strengthening.  A systematic review and metanalysis investigating 
the association between recruitment of the vastusmedialis 
oblique (VMO) relative to the vastuslateralis (VL) muscle 
demonstrated a delayed onset of VMO activation relative to VL 
in patients complaining of anterior knee pain compared to those 
without [14].

[3] proprioception exercises [15,16].

[4] Lateral releases/iliotibial band stretches and releases 
in the case of tight lateral structures [reference].  As previously 
mentioned, the position of the patella within the trochlear 
throughout its movement arises from a careful balance of the 
surrounding soft tissue structures. There is evidence to suggest 
that patients suffering with anterior knee pain have an imbalance 
of muscle firing and subtle gait abnormalities. Thijs et al. [17] 
showed how 36/84 military cadets developed patellofemoral 
symptoms within 6 weeks during their military training. Gait 
analysis showed that they had significantly more laterally 
distributed pressure on initial contact and slower maximal 
velocity of change of lateral to medial direction of the centre of 
pressure during the gait phase transition. 

[5] Patellar taping has a role in managing PFL instability. A 

Figure 1 Trochlear anatomy and trochlear dysplasia. The trochlear surface 
of the femur is divided into two facets, medial and lateral. Proximally, they are 
in continuity with a shallow groove conforming to the contours of the distal 
patellar articular surface. Curving distally and posteriorly, this groove deepens 
to become the intercondylar notch. The cartilaginous covering of the trochlea 
is thinner than that on the undersurface of the patella. The lateral facet of 
the trochlea tends to be larger and extend more proximally than the medial 
facet. This lateral facet acts as a buttress to prevent lateral subluxation of the 
patellar and helps to centre the patella in the trochlear as the knee moves 
from 15 degrees through to full knee flexion. A normal sulcus angle has been 
quoted as between 135-140 degrees. A flattened lateral trochlea can lead to 
patella instability. Dejour classified trochlear dysplasia into four types; type A: 
normal shape but shallow, type B: markedly flattened or convex trochlea, type C: 
trochlear facet asymmetry with high lateral facet and hypoplastic medial facet, 
type D: type C with an associated vertical link (‘cliff ’) between the facets [8]. A 
radiological study by Davies et al. [9] found that the mean sulcus angle for type A 
knee was 140.4°, type B 143.1°, type C 149° and for type D 171°.
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Cochrane review by Callaghan and Selfe [18], looking at available 
and published randomised controlled trials only,concluded that 
based  on the available evidence, there is insufficient conclusion 
on the effects of taping, whether used on its own or as part 
of a treatment programme. It is worth mentioning that the 
authors were only able to include 5 small trials with a total of 
approximately 200 participants. 

There is no agreed rehabilitation regimen for the treatment 
of PFJ instability and there is a distinct lack of high quality 
studies in the literature comparing treatment options [19]. These 
include quadriceps strengthening, stretching, specific warm-up 
and warm-down sequences, core stability and hip strengthening 
[10]. Which regimen is best is difficult to decide, however a 
recent systematic review and meta-analysis of randomised 
trials only, concluded the beneficial effects of foot orthoses with 
and without multimodal physiotherapy over flat inserts, closed 
chain exercises over open chain exercises) and patella taping 
in conjunction with exercise rather than exercise alone [20]. 
Conversely, a prospective randomised study over a five year 
period by Witvrouw et al showed a slight benefit in open over 
closed kinetic chain exercises in terms of pain and swelling [21].

Role of bracing

Immobilisation of the knee in extension has been 
performed for PFJ pain for decades.  However, initial attempts 
at immobilisation utilized plaster treatment.  This led to muscle 
atrophy, prolonged stiffness and persistent anterior knee pain 
[22].

More recently, brace therapy has been shown to decrease the 
risk of recurrent dislocation and pain [23]. It has been shown that 
patella bracing reduces patellofemoral pressure by influencing 
patellar and knee kinematics, and by redistributing load across 
the joint [24].  However there appears to be little overall 
consensus on how to prescribe brace therapy for patellofemoral 
syndrome and the regimen appears to be related to individual 
physician preferences [25]. The senior authors use a regime of 
bracing with progressive increase in permitted flexion over 6-8 
weeks (eg 0-45 degrees for 2 weeks, 0-60 degrees for 2 weeks 
and 0-90 degrees for a further 2 weeks).  During the period of 
bracing, physiotherapy can maintain knee movement within 
prescribed range, muscle condition and swelling management.

Surgery for PFJ instability

The role of surgery in PFJ instability is controversial and 
varies according to treating surgeon, and centre in which the 
patient is being treated. The decision to perform surgery is 
influenced by:

[1] Failure of conservative management/physiotherapy

[2] Clinical or radiological evidence of structural abnormality 
eg lateral tightness, increased Q angle, medial patellofemoral 
ligament rupture, bony dysplasia.

SOFT TISSUE PROCEDURES

Lateral retinacular release (LRR)

A tight lateral retinaculum can lead to altered biomechanics 
and tracking of the patella, which may predispose to lateral patellar 

subluxation or dislocation. In such cases, a lateral retinacular 
release (LRR) can be performed usually via an arthroscopic 
route. This has historically been a common procedure, but more 
recently concerns have been raised regarding weakening the 
lateral structures, especially in hyperlax patients.  This can lead 
to excessive medial translation of the released patella, especially 
if a distal realignment is performed [26,27].

Some questions have been raised as to whether using 
electrocautery to perform this procedure can lead to adverse 
effects and weakness of the lateral structures of the patella.
Arnoczky et al. [28] and Medvecky et al. [29] have shown that the 
application of heat to collagen tissues results in denaturing and 
collapsing the collagen triple helix which results in a shortening 
of the retinacular fibres and hence tightening of the tissue. 
Furthermore, Woods et al. [30] measured the quadriceps strength 
and outcomes measured after complete arthroscopic release of 
the vastuslateralis tendon in twenty patients who had recurrent 
patellar dislocation. Bilateral quadriceps strength was tested 
both pre and post operatively using an isokinetic dynamometer. 
Follow-up averaged 27 months (range, 24-43 months). There 
were no redislocations. Mean quadriceps strength improved by 
a mean of 28% (from 32.3 to 41.4 N x m). The mean quadriceps 
torque ratio (involved/uninvolved) improved significantly from 
a preoperative value of 63% (31/51 N x m) to 80% (42/52 N x 
m) at follow-up (P = .017). Fourteen patients (70%) increased 
quadriceps torque, and 6 patients (30%) decreased quadriceps 
torque. The IKDC score improved from 45 points preoperatively 
to 76 points at follow-up (P = .001). The SF-36 physical component 
summary scores improved from 38 points preoperatively to 50 
points at follow-up (P = .007), and the SF-36 physical functioning 
subscale scores improved from 53 points to 86 points (P = .015).

Certain authors have investigated the effect of performing 
an arthroscopic lateral release and medial reefing of the patella. 
41 patients (45 knees) with a history of patellar instability 
underwent surgery for arthroscopic realignment under Halbrecht 
[31]. Of the 29 knees available at final follow up, 23 were actual 
dislocators and 6 were subluxators. All patients underwent a 
patella realignment utilizing an all-inside arthroscopic technique. 
Medial retinacular sutures were introduced percutaneously 
using an epidural needle. An arthroscopic lateral release was 
then performed with a standard electrocautery device. The 
Lysholm score improved from 41.5 preoperatively to 79.3 
postoperatively. When patients were asked to evaluate their 
results on a simple subjective rating scale, 27 (93%) felt that they 
were significantly better, 1 patient felt that she was worse, and 1 
felt that there was no change Patients reported an improvement 
in pain from 7.1 preoperatively to 2.4 postoperatively (P < .05). 
Crepitus improved from 6.6 preoperatively to 2.5 postoperatively 
(P < .05). Swelling improved from 6.0 to 0.8 (P < .05). Instability 
improved from 8.2 to 0.8 (P < .05).

Ricchetti et al. [32] performed a systematic review of the 
literature to compare surgical success of LRR or LRR with medial 
soft-tissue realignment (MR) for recurrent lateral patellar 
instability. All studies involving either open or arthroscopic LRR 
or LRR with MR. Fourteen of these studies met our inclusion 
criteria; 7 evaluated LRR alone, 6 evaluated LRR with MR, and 
1 study looked at both isolated LRR and LRR with MR. Fourteen 
studies met inclusion criteria. There were 247 knees with a 
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minimum 2-year follow-up after LRR and 220 after LRR with MR. 
In the LRR patients, there were 56 cases (probability 0.227, odds 
0.293) of recurrent lateral patellar instability, 26 (probability 
0.105; odds 0.118) of which were patients experiencing 
postoperative patellar dislocations and 30 (probability 0.121, 
odds 0.157) of which were patients experiencing postoperative 
patellar subluxations. In the LRR with MR patients, there were 
14 cases (probability 0.064, odds 0.068) of recurrent instability, 
12 (probability 0.054, odds 0.058) of which were postoperative 
dislocations and 2 (probability 0.009, odds 0.010) of which 
were postoperative subluxations. The frequency-weighted 
success with respect to instability ranged from 43.9% to 100%, 
with a mean success of 77.3% (95% CI, 74.7% to 80.0%) in 
the LRR studies and ranged from 80% to 98.3% with a mean 
success of 93.6% (95% CI, 93.0% to 94.3%) in the LRR with MR 
studies. The odds of recurrent instability after an isolated LRR 
were significantly greater than after combined LRR and MR 
with respect to the reported prevalence of any postoperative 
instability symptoms (P < .001), patellar dislocation (P = .045), 
and patellar subluxation (P < .001). The use of isolated LRR yields 
significantly inferior long-term results with respect to recurrent 
lateral patellar instability postoperatively. 

The senior authors reserve lateral release for patients with:

[1] Clinically tight lateral structures (greater than 2 quadrant 
difference between medial and lateral glides and lateral tilt)

[2] nohyperlaxity

[3] Excessive lateral patellar pressure syndrome [26]

MEDIAL REEFING
In cases were the patellar pull appears to be deficient medially, 

some surgeons advocate reefing of the medial structures in 
isolation, without the need for a lateral retinacular release. Miller 
et al. [33] reported on such a case series.  Twenty-four patients 
(25 knees) underwent arthroscopically assisted medial reefing 
in isolation and were observed for an average of 60 months. 
Ninety-six percent (24/25) were satisfied with their results, and 
all patients would have the same procedure performed again. 
Subjective symptom scores improved significantly. Average 
Lysholm knee and Tegner activity scores improved significantly 
improved from 54 to 91 and 3.3 to 6.2 respectively. Significant 
improvement was seen in patellar mobility, apprehension, 
and patellofemoral tenderness with compression. Range of 
motion, muscle atrophy, and tilt did not change significantly. 
Congruence angles improved from 4.4 degrees to -2.5 degrees (P 
= .009), lateral patellofemoral angles improved from 5.5 degrees 
to 8.7 degrees (P = .011), and lateral patellar displacement 
improved from 2.0 to 0.2 mm (P < .044). There were no recurrent 
dislocations or subluxations.

THE MEDIAL PATELLOFEMORAL LIGAMENT 
(MPFL)

The medial patellofemoral ligament (MPFL) has been shown 
to be the primary static soft tissue stabiliser of the patellofemoral 
joint. Studies have shown that almost all cases of acute dislocation 
of the patella causes a degree of MPFL damage [34], especially 
lateral dislocations [35]. Therefore it would appear logical that 

repairing this important ligament would lead to a more stable 
patella. Two systematic reviews within the last few years have 
reviewed the literature and concluded repair of the MPFL leads 
to good functional results [36,37]. How the repair is performed 
is still controversial, with various options described in the 
literature regarding repair of the MPFL, including suture repair, 
anchors and tendon grafting.

Cadaveric studies have shown that the MPFL has a mean 
tensile strength of 208 N (SD 90) at 26 mm (SD 7) of displacement. 
The strengths of various surgical techniques after repair have 
been shown to be less; sutures alone, 37 N (SD 27); bone anchors 
plus sutures, 142 N (SD 39); blind-tunnel tendon graft, 126 N (SD 
21); and through-tunnel tendon graft, 195 N (SD 66) [35].

However, reconstruction of the MPFL is a technically 
demanding procedure with a relatively high level of post 
operative complications. In a review of 179 knees that underwent 
MPFL reconstruction over a 6 year period, Parikh et al. [38] 
found complications occurred in 16.2% of cases, with almost half 
resulting from technical problems. Major complications included 
recurrent lateral patellar instability (8 patients), knee motion 
stiffness with flexion deficits (8 patients), patellar fractures 
(6 patients), and patellofemoral arthrosis/pain (5 patients). 
Eighteen of 38 (47%) complications were secondary to technical 
factors and were considered preventable. 

Causes of unsatisfactory results of MPFL reconstruction 
include:

[1] Patella fracture

[2] Inadequate or excessive tensioning of the MPFL graft

[3] Femoral tunnel malpositioning. The senior author prefers 
to drill the femoral tunnel under radiological guidance in order to 
avoid femoral tunnel malpositioning, as described by Schoeetle 
et al. (Figure 2 and 3) [39].

There is no agreed consensus on how to perform this 
reconstruction. Lenschow et al. [40] compared the structural 
properties of 5 different fixation strategies for a free porcine 
tendon graft at the patella in Medial Patellofemoral Ligament 
(MPFL) reconstruction under cyclic loading and load to failure 
testing; 3.5-mm titanium anchor, transosseous 1-mm braided 
polyester suture, interference screw fixation, medial bone bridge 
and transpatellar tunnels. In the bone bridge group, 60% of all 
specimens failed during cyclic testing. Fixation by transosseous 
sutures showed significantly less stiffness compared with all 
other techniques (P < .05). The bone bridge technique showed 
significantly lower load to failure compared with all other 
techniques (P < .05). The differences between the other groups 
were not significant. 

Fisher et al. [37] systematically reviewed the evaluated 
efficacy of MPFL reconstruction, rehabilitation and patient 
outcomes for safely returning patients to sports. A total of 21 
studies encompassing 510 knees were included. To highlight the 
lack of a single best reconstructive technique, 14 different fixation 
methods were described. The most common construct used was 
a semitendinosis autograft, followed by a gracilis autograft. 
Furthermore, no agreed post operative rehabilitation regimen 
exists and they found a distinct lack of high level evidence 
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studies; the mean Coleman methodology score was 58.7. Overall 
patient satisfaction and outcome following MPFL reconstruction 
and rehabilitation were shown to improve patient outcome and 
ability to perform routine activities of daily living regardless of 

the particular reconstruction method or graft construct used.  
This was a similar conclusion to that drawn by other systematic 
reviews [41,42].

Another key step following MPFL reconstruction is the post 
operative rehabilitation program. This is an area that is poorly 
described in the literature and that appears to be directed by 
individual surgeon practice. A systematic review by Fisher et al. 
[37], which also reviewed post operative rehabilitation regimens, 
found that the level of description was generally limited to 
acute care rehabilitation with insufficient progressive exercise 
descriptions. The senior author recommends a regimen that 
includes

[1] Assisted weight bearing

[2] Brace regimen: 0-30 degrees for 2 weeks followed by 30 
degree increments every 2 weeks.  The brace is removed at 6-9 
weeks post operatively.

BONY PROCEDURES
Patella height correction

Patella alta is a recognized risk factor for patella, noted in one 
study to be present in 24% of episodic dislocations compared 
to 3% in normal controls [43]. It has also been identified as 
predictor of recurrent instability in patients sustaining patella 
dislocation [44,45]. The reason for the resulting instability is 
likely to be multifactorial; a decreased contact area between 
the patella and the trochlear leading to decreased resistance to 
lateral translation [46,47] enhanced further by a longer patella 
tendon allowing excessive motion in the coronal plane [48].

Magnussen et al. [50] performed a systematic review 
to identify published surgical techniques to treat episodic 
patella dislocation in the setting of patella alta in skeletally 
mature patients. Those studies that related to the treatment of 
patellofemoral pain only, rather than dislocation, were excluded. 
They included five retrospective studies of 203 knees in 168 
patients in total. All studies performed a distal tibial tubercle 
distalisation. Tibial tubercle non union and proximal tibial 
fracture incidence rates were both 0.6%. The risk of recurrent 
dislocation is 1.75% (range 0-4.9%) and patella apprehension 
26.3% (range 15-33%). Three studies reported on functional 
outcomes with good to excellent results in all patients.

Tibial tubercle osteotomy procedures

The quadriceps angle (Q-angle) represents the angle between 
the vector of action of the quadriceps and the patellar tendon. 
An increased Q-angle has been associated with an increased 
risk of patellar instability, although there is disagreement on its 
reliability and validity. Patella instability can be treated surgically 
by adjusting the location of the tibial tubercle and thus realigning 
the tendinous attachment of the patella to make the joint more 
stable. There are several methods that have been described to 
measure patella height on a standard radiograph. Its position can 
be measured in relation to the femur (direct method) or to the 
tibia (indirect), the latter tending to be the most commonly used 
methods [51].

The tibial tubercle transfer is a very versatile procedure in 

Figure 2 Aetiology of patellar instability. The causes of patella 
instability are multifactorial. The patella is held within the 
patellofemoral joint via a synergistic effect of osseous morphology 
and soft tissue restraints, the latter encompassing both passive 
(ligaments/capsule) and active (muscle) stabilisers. A single or 
combination of factors may be abnormal and hence a thorough and 
structured approach to treatment must be sought. 
The term ‘chondromalacia patellae’ (meaning “softening of the 
patellar cartilage”), introduced by Aleman [10] in 1928, has now 
become synonymous with patellofemoral joint related pain, but is 
not a pathological diagnosis in itself. The senior author prefers the 
term “patellar chondropathy” as a more accurate term denoting a 
pathological change in the patellar articular cartilage.

Figure 3 The optimum positioning of the femoral tunnel for a MPFL 
reconstruction, depicted by the yellow circle, is located 1mm anterior to a line 
extending from the posterior cortex extension line (C) and 2.5mm distal to the 
posterior origin of the medial femoral condyle (A) and proximal to the level of 
the posterior point of the Blumensaat line (B).
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that the degree of medialisation, anterioriorisation or distal 
translation of the tubercle can be adjusted according to a 
preoperative plan for each patient.  For example, a patient 
with pure lateral translation can undergo a pure medialisation, 
whereas one with lateral translation and patella alta, could 
undergo a medialisation and slight distalisation of the tubercle. 
Malpostioning of the patella in the sagittal plane (ie patella alta) 
can be treated by moving the tubercle distally in cases of patella 
alta, leading to good results [50]. In cases of patella subluxation 
and an increased Q angle, the tibial tubercle can be medialised, 
a technique known as the Elmslie-Trillat procedure [52] or 
variants of this procedure.

Results for these procedures show acceptable functional 
outcomes. In a follow up study of 24 knees in patients with 
a mean age of 31 years at the time of surgery who underwent 
Elmslie-Trillat procedures, Naveed et al. [53] reported good or 
excellent outcome at 4 years in 19 knees (79.2%), while 15 knees 
(62.5%) were reported the same outcome at long-term follow-
up (mean 12 years, range 10-15 years). They did however note 
that 12 patients with pre operative lower grade chondral damage 
(grade 1 to 2) showed early to moderate signs of osteoarthritis 
on radiographs, six out of ten knees with higher grade chondral 
damage (grade 3 to 4) showed marked evidence of osteoarthritis 
and four of these had undergone a knee replacement. Karataglis 
et al. [13] reported similar satisfactory results and functional 
outcomes in 44 knees with an average follow up of 40 months.

In a retrospective study reporting on functional outcomes of 
18 knees, Endres and Wilke [54] performed Roux-Elmslie-Trillat 
procedures (release of the lateral retinaculum, a medial capsular 
plication and medialisation of the tuberosity) in 18 patients.
Subjective results of the operation were classed as excellent or 
good in 16 of the 18 patients ten years after surgery. The pre 
and ten year follow up average Knee Society and Tegner scores 
improved significantly from 74.5 to 87.7 and from 3.4 to 4.6 
respectively. 

The tibial tuberosity to trochlear groove (TT-TG) distance, 
calculated via a CT or MRI scan, has been described as an 
objective and reproducible method to determine the position 
of the tuberosity, with a very high interrater, intermethod and 
interperiod reliability rate [43,55,56]. In fact, comparing this 
measurement to the Q angle shows that the latter is not a reliable 
indicator of patella instability [57]. In cases when there is concern 
over degeneration of the patellofemoral joint or an increased 
‘Q’, the tubercle can be medialised and displaced anteriorly 
(Fulkerson procedure), in order to decrease the contact pressure 
across the trochlear and realign the tibial tuberosity [58,59]. 
Using this method, it has been suggested that asymptomatic 
patients have a mean TT-TG distance of 13mm whilst those with 
instability average 15mm [56]. The Fulkerson procedure has 
been modified by several surgeons, but results have still been 
encouraging [60].

TROCHLEOPLASTY
Trochlear dysplasia and its association and congruency with 

the tracking patella is a recognised cause of recurrent dislocation 
and anterior knee, occurring in up to 85% of cases. The diagnosis 
is made when a true lateral radiograph of the knee demonstrates 

the crossing sign, the trochlear bump and a decrease in trochlear 
depth. The crossing sign refers to the floor line of the trochlear 
sulcus crossing the anterior border of the femoral shaft. The 
trochlear bump represents a prominent anterior extension of 
the trochlear groove in relation to the projection of the anterior 
cortex of the distal femur [43].

Trochleoplasty is a surgical procedure designed to improve 
patellofemoral tracking by remodeling the trochlear groove. 
There have been various surgical techniques described to 
achieve this, however the underlying principle remains the same; 
to create a more congruent and stable articulation between the 
patella and the trochlear during tracking. Techniques described 
include elevation of the lateral facet of the dysplastic trochlear 
via an osteotomy [61] and deepening of the femoral trochlear by 
removing some of the central subchondral bone [62] Von Knoch 
et al. [63] described a technique of raising an osteochondral flap 
from the trochlear and then using burrs to fashion a sulcus. This 
was modified by Blond and Schottle [64], who performed this 
procedure arthroscopically. All techniques appear to have similar 
satisfactory results. However there is a significant incidence of 
stiffness after trochleoplasty, and some studies have described 
the need for postoperative manipulation under anaesthetic of the 
knee of up to 46% [65,66].

Proposed approach to managing PFJ instability/pain

As evident from our review, the management of PFJ pain 
and instability is multifactorial and challenging problem with an 
agreed consensus on principle management strategies but a wide 
variety of techniques to achieve them. 

We advocate the use of a simple anatomical based approach 
to assess the patient and plan appropriate treatment. In the 
case of an acute presentation, efforts must be made to promptly 
reduce the joint and then proceed to obtain appropriate imaging 
in order to identify any acute pathology which can then be 
managed either operatively or non operatively.  For chronic 
presentations, the clinician must isolate whether the pathology 
is related to the proximal or distal portion of the patella, and 
then whether it is related the pathology is due to a soft tissue or 
osseous structure. Based on this assessment, treatment options 
can then be instigated. In cases of isolated articular cartilage loss 
or osteoarthritis, the clinician needs to decide whether surgical 
options to attempt and restore the cartilage is appropriate or 
arthroplasty surgery should be considered.

DISCUSSION AND CONCLUSION
Patellofemoral pain and instability is a common and difficult 

condition to treat. Paramount to the treatment is the need 
to accurately localize the pathology; the reason for it may be 
multifactorial and thus require a combination of operative and 
non operative techniques to both soft tissue structures and 
the osseous structures. We present an anatomical approach to 
managing this condition and propose that considering anterior 
knee pain in this manner will enable surgeons to manage patients 
in a more effective manner.
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