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Abstract
Purpose of Review The most common and biomechanically influential pathoanatomic risk factor for recurrent patellofemoral 
instability is trochlear dysplasia. Sulcus-deepening trochleoplasty is a procedure developed to address high-grade trochlear 
dysplasia in the setting of patellofemoral instability. The purpose of this paper is to outline the current classification and surgi-
cal management of trochlear dysplasia as well as to review the current literature on the clinical outcomes and complications 
of sulcus-deepening trochleoplasty.
Recent Findings This review outlines the most recent literature reporting evidence behind the decision-making to perform a 
trochleoplasty in the setting of patellofemoral instability and high-grade trochlear dysplasia. Critical parameters include grade 
of trochlear dysplasia, severity of symptoms, pertinent physical examination findings, surgical techniques, modifications for 
skeletally immature patients, and considerations for the revision setting. Historic studies have elicited concerns regarding 
high reported complication rates for trochleoplasty; however, recent studies consistently report good clinical outcomes and 
acceptable complication rates, similar to those of other patellar stabilizing procedures. The addition of a trochleoplasty in 
patients with high-grade dysplasia results in a lower re-dislocation rate, significant improvements in patient-reported outcome 
measures (PROMs) as well as high levels of patient satisfaction and return to sport.
Summary The use of sulcus-deepening trochleoplasty for the treatment of high-grade dysplasia and recurrent patellofemoral 
instability is a well-established technique with good outcomes and an acceptable complication profile. In patients with high-
grade dysplasia, trochleoplasty results in lower re-dislocation rates, high patient satisfaction scores, and good clinical and 
functional outcomes. An understanding of trochleoplasty and its indications should be in the armamentarium of surgeons 
treating patellofemoral instability.

Keywords Patellar instability · Patellofemoral instability · Trochleoplasty · MPFL · Trochlear dysplasia · Medial 
patellofemoral ligament

Introduction

Recurrent instability of the patellofemoral joint is a relatively 
common condition that can result in debilitating pain, loss of 
function, and reduced quality of life [1••]. The incidence of 
patellar instability in the general population is 6 per 100,000, 
and in the adolescent age group it is known to be 7-times 
higher affecting 30 out of 100,000 patients [2]. Approximately 
75% of patients presenting with patellofemoral instability are 
female [3, 4]. Multiple demographic and pathoanatomic risk 
factors contribute to patellofemoral instability. Patients present 
with a varied combination of these risk factors, creating signifi-
cant challenges for clinicians treating this patient population.

Pathoanatomic risk factors including trochlear dysplasia, 
patella alta, torsional malalignment of the femur and tibia, a 
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lateralized tibial tubercle, and genu valgum can all contrib-
ute to the risk of lateral patellofemoral instability. Of these, 
trochlear dysplasia has been identified as the pathoanatomic 
risk factor with the greatest biomechanical contribution 
to patellofemoral instability [5]. Trochlear dysplasia is a 
pathoanatomic variant where the femoral trochlea develops 
abnormally, resulting in a shallow or convex groove. Stud-
ies have shown that the morphology of the distal femur is 
determined early in utero [6]. A genetic cause for trochlear 
dysplasia has also been investigated [7], and may have a 
familial association such as that reported in countries such 
as France [8]. Trochlear dysplasia has been shown to cause 
increased patellofemoral pressures, decreased patellofemoral 
contact area, and significantly reduces the force required to 
dislocate the patella in the first 45° of flexion [9, 10••]. Up 
to 96% of patients that present with patellofemoral instabil-
ity demonstrate some degree of trochlear dysplasia [8].

Classification of Trochlear Dysplasia

Considering the complex and variable nature of trochlear 
dysplasia, it is not surprising that a valid and reproduc-
ible classification system has been difficult to establish. 
Dejour’s classification of trochlear dysplasia relies on lateral 

radiographs in combination with axial imaging and is the 
most commonly used [11]. The four subtypes of trochlear 
dysplasia are defined as: Type A—shallow trochlea and 
crossing sign; Type B—a flat trochlea and a supratrochlear 
spur; Type C—a double contour secondary to a hypoplastic 
medial condyle with a convex trochlea; and Type D—the 
most severe with a combination of all features (Fig. 1).

The Dejour classification has been widely adopted how-
ever poor interobserver reliability has been demonstrated for 
its subtypes [13, 14]. Dichotomous classification of high- and 
low-grade dysplasia has demonstrated greater reliability and 
has been adopted in some recent studies for this reason [1••, 
13, 15]. On a practical level that may aid understanding and 
guide surgical management, the lack of a lateral buttress can 
be caused either by an elevation of the floor of the trochlear 
groove or a deficient lateral condyle. With mild elevation of 
the trochlear floor, the groove is shallow (Type A/low-grade 
dysplasia). Further elevation or projection of the base of the 
groove or sulcus anterior to the anterior femoral line creates 
the trochlear bump or supratrochlear spur (Type B/D or high-
grade dysplasia). In these instances, because the base of the 
groove is abnormal, a sulcus deepening trochleoplasty is indi-
cated. In other cases, the floor of the groove is at relatively 
normal height, there is no trochlear bump, but the lateral and/
or medial condyle are dysplastic or lower than normal (Type 

Fig. 1  The Dejour classification of trochlear dysplasia (from Carstensen 2017) [12]
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C, high-grade dysplasia). In these instances, elevation of 
the lateral condyle may be indicated. Although helpful, this 
explanation is also a simplification of the complex nature of 
trochlear dysplasia. Development and validation of a compre-
hensive classification system for trochlear dysplasia must take 
into consideration many aspects that are not covered by current 
classification systems. These include variables that delineate 
the 3-dimensional position, length, and depth of the dysplas-
tic trochlear groove. The following are parameters for future 
consideration: whether or not, and by how much, the exist-
ing groove is medialized by the trochlear bump, the length 
of the cartilaginous trochlea, the length and location of the 
dysplastic section of the trochlea, and the relative heights of the 
femoral condyles [16, 17•]. Further to this, quantifying each 
of these parameters and their role in patellofemoral instability 
is critical to help guide future management and appropriately 
indicate patients for operative intervention. Further studies are 
required to accurately qualify and quantify these features to 
better understand the pathology of the dysplastic trochlea.

Surgical Management of Trochlear 
Dysplasia—Trochleoplasty

Various surgical techniques have been developed over time 
to address trochlear dysplasia. The lateral facet elevation, 
first described by Albee, is an elevating osteotomy of the 
lateral condyle accomplished by the interposition of bone 
graft under the lateral edge [18]. First described by Masse 
in 1978 [19] and then modified by Henri Dejour in 1987, the 
sulcus deepening trochleoplasty is performed by removal 
of subchondral bone allowing for reshaping of the trochlea 
into a deeper groove [11]. In the trochleoplasty popularized 
by Dejour, the cartilage is elevated as a thick osteochondral 
shell, with at least 5 mm of subchondral bone. This thick-
flap technique requires the articular cartilage to be osteoto-
mized to fit the newly shaped sulcus. Fixation of the flap is 
achieved with hardware, either staples or screws. Bereiter 
and Gautier further modified the Dejour technique of deep-
ening the sulcus by using a lateral parapatellar approach to 
elevate a thin (2–3 mm) osteochondral flap. This thin-flap 
approach does not require an osteotomy of the articular 
surface as it is more malleable allowing for greater plastic 
deformation to shape it into the newly formed groove [20]. 
The flap is secured with a combination of vicryl tapes and 
suture anchors or compression tacks. Blond and Schottle 
further modified the thin-flap technique to be performed 
arthroscopically via suprapatellar portals, with elevation of 
the cartilage flake, reshaping of bone, and reattachment of 
the cartilage flake [21]. Other modifications have included 
a technique to lengthen the lateral condyle proximally using 
a bone block to provide static tracking support to the patella 
during early flexion [22].

Senior Author’s Recommendations

The author’s preferred method for performing a trochleo-
plasty is a thin-flap technique through an anterolateral 
approach (Fig. 2). This is especially useful in young patients 
with good quality cartilage and subchondral bone as it 
allows for a malleable flap. The cartilage is not breached, 
minimizing trauma to the joint surface. The thin-flap tech-
nique allows for easy titration of the depth and length of the 
trochleoplasty according to the extent of the trochlear bump. 
In older patients and those with cartilage degeneration in 
the patellofemoral joint, the thick-flap trochleoplasty allows 
for the formation of a groove in the presence of stiffer sub-
chondral bone and arthritic changes. In both techniques, a 
lateral retinacular lengthening is usually necessary because 
in the setting of high-grade dysplasia the patella usually has 
significant lateral tilt secondary to the patella riding on the 
lateral aspect of the trochlear bump.

Clinical and Patient‑Reported Outcomes 
Following Trochleoplasty

Several systematic reviews and meta-analyses have ana-
lyzed clinical outcomes after trochleoplasty [23–30, 31•, 
32]. Overall, these studies report good outcomes as well as 
an acceptable complication rate for patients undergoing a 
trochleoplasty for recurrent lateral patellofemoral instability 
and high-grade dysplasia. These studies consistently report 
a lower re-dislocation rate in patients with high-grade dys-
plasia when a trochleoplasty is performed concurrent with a 
medial patellofemoral ligament (MPFL) reconstruction com-
pared to an MPFL reconstruction in isolation. As with most 
systematic reviews and meta-analyses, the included studies 
suffer from inconsistent surgical techniques, diverse patient 
profiles, a mix of primary and revision procedures, varied 
application of concomitant procedures, and inconsistency 
on whether or not an MPFL reconstruction was included.

Reports of high complication and re-operation rates fol-
lowing trochleoplasty have made many, especially in more 
litigious regions, leery of adopting the trochleoplasty into 
their armamentarium of treatment options for patellofemoral 
instability in the setting of trochlear dysplasia. However, 
there are difficulties in using the available complications 
and adverse outcomes data on face value due in large part 
to the heterogeneity of the studies and by the broad and 
undefined classification of an adverse outcome [33]. The 
source research papers for reports of these adverse outcomes 
include a minimum of four different types of trochleoplasty 
over an almost 50-year period. There has been a significant 
improvement in surgical technique during that time period 
which minimizes the potential risk to the chondral cartilage. 
Also, with the increased utilization of trochleoplasty, there 
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is a learning curve associated with the procedure that should 
be accounted for in the analyses. In addition, the thresholds 
that are used to add concomitant procedures are unclear but 
evolving, which makes comparisons between patient cohorts 
challenging. For this reason, substantial caution should be 
applied when considering results based on surgical tech-
niques no longer in use, as well as those studies with small 
numbers of patients that do not discuss or account for the 
surgical learning curve.

For this manuscript, only case-series published in the 
last 10 years using modern trochleoplasty techniques that 
reported on a minimum of 25 patients were analyzed. This 
decision was taken to minimize the inclusion of historic sur-
gical indications and techniques. The minimum sample size 
was based on the threshold most commonly used to describe 

the learning curve of a surgical technique [34]. Using these 
criteria, there were outcomes available on 648 patients who 
had undergone a trochleoplasty as part of their treatment of 
recurrent lateral patellofemoral instability (Table 1). These 
outcomes demonstrated that trochleoplasty provides statisti-
cally significant improvements in patient-reported outcome 
measures (PROMs) most commonly reported as the Kujala 
score and the International Knee Documentation Committee 
Score. The majority of these patients were able to return to 
their sporting activities (40–92%) and they reported high 
levels of patient satisfaction (over 88%).

This cumulative research establishes a respectable track-
record of improved clinical outcomes following trochleo-
plasty. Concerns over the potential risks of the procedure 
can also be assessed using the available literature. Using 

Fig. 2  Pre- and post-op lateral 
x-rays of a patient with high-
grade trochlear dysplasia who 
underwent a thin-flap trochleo-
plasty

Table 1  Patient-reported outcomes for studies that report on clinical 
outcomes after trochleoplasty. Shaded blocks represent statistically 
significant improvements in outcome. IKDC International Knee Doc-
umentation Committee, KOOS Knee Injury and Osteoarthritis Out-

come Score, WOMAC Western Ontario and McMaster Universities 
Arthritis Index, QOL quality of life, NPI Norwich Patella Instability 
Score, VAS visual analogue scale, ADL activities of daily living
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the same inclusion criteria of studies performed in the last 
10 years, with modern surgical techniques and a greater than 
25 patient sample size, the complications of trochleoplasty 
are reported in Table 2. These results indicate that compli-
cations after sulcus deepening trochleoplasty are similar to 
other patellar stabilizing procedures. There was one report 
of a traumatic detachment of the osteochondral flap and no 
other severe complications. There are no reports of chon-
drolysis or rapidly advancing osteoarthritis post trochleo-
plasty. The majority of the reported complications appear 
to stem from unaddressed risky pathoanatomy, many are 
typical complications for a knee ligament reconstruction 
procedure, and others form part of the natural history of 
patellofemoral instability. Based on this review of the cur-
rent literature, reports of significantly higher complication 
rates and other dangers of trochleoplasty appear to have been 
overstated.

Layered onto the heterogeneous reporting in most sys-
tematic reviews, the historically available patient-reported 
outcome measures have not been validated specifically 
in pre- and post-operative patients with patellofemoral 
instability. Although the common use of these outcome 
measures in these studies does lend some validity, reliabil-
ity, and responsiveness data to support their use, further 
assessment of internal consistency, test–retest reliability, 
floor and ceiling effects, and reliability are required to 
ensure the PROMs are measuring what is intended [35•]. 
Newer disease-specific PROMs such as the Banff Patel-
lofemoral Instability Instrument [36••] and the Norwich 
Patellar Instability Instrument [37•] have demonstrated 
validity and reliability, and are promising to evaluate 
outcomes in the patellofemoral instability patient popula-
tion. Further study of these PROMs in keeping with the 
COnsensus-based Standards for the selection of health 

Measurement Instruments (COSMIN) taxonomy [38, 39] 
will be required to investigate reliability, validity, and 
responsiveness for trochleoplasty.

Surgical Decision‑Making in Trochlear 
Dysplasia—When Should You Add 
a Trochleoplasty?

For the currently identified pathoanatomic risk factors for 
lateral patellofemoral instability, the thresholds to determine 
whether or not to add a concomitant procedure to an MPFL 
reconstruction are not clear. Trochlear dysplasia suffers from 
the same lack of surety. Lui et al. demonstrated in a case 
series of 121 subjects that most patients with high-grade 
trochlear dysplasia have good outcomes following an isolated 
MPFL reconstruction [4]. Multiple other studies, however, 
have correlated high-grade trochlear dysplasia with poorer 
outcomes after patellofemoral stabilization [1••, 40–45].

Does the current literature help with decision-making 
about when to add a trochleoplasty in a patient who pre-
sents with trochlear dysplasia and recurrent patellofemoral 
instability?

1. Grade of dysplasia: The evidence indicates that only 
high-grade dysplasia will benefit from a trochleoplasty 
[46••]. A trochlear bump greater than 5 mm has also 
been correlated to poorer quality of life scores following 
patellofemoral stabilization surgery without trochleo-
plasty [47]. A shallow groove, consistent with low-
grade, or Dejour Type A dysplasia will not benefit from 
the added procedure [48]. If the patient has high-grade 
dysplasia (Dejour Type B, C, D), the type of dysplasia 

Table 2  Post-operative complications after trochleoplasty. CRPS chronic regional pain syndrome
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should dictate which procedure is the most appropri-
ate. When the base of the trochlear groove is elevated 
significantly, such as in Dejour Type B and D dysplasia, 
then the patient may benefit from a sulcus-deepening 
trochleoplasty [46••]. If the condyle is deficient but 
the groove is at an appropriate position, then an Albee 
trochleoplasty that elevates the lateral condyle may be 
of benefit [18].

2. Severity of symptoms: In patients with mild symptoms 
of instability, the role of concomitant procedures should 
be considered carefully. In low-demand patients who 
complain of mild instability, a less invasive procedure, 
such as an isolated MPFL reconstruction could be con-
sidered. In patients with severe symptoms and radio-
logic evidence of high-grade trochlear dysplasia, a more 
substantial procedure should be considered. Likewise, 
in a patient who is functioning well, playing high-level 
sport with mild to moderate symptoms, the risk–benefit 
ratio of all ancillary procedures should be taken into 
consideration when discussing stabilization. In addition, 
the assessment of the number and severity of pathoana-
tomic risk factors present in each patient in addition to 
trochlear dysplasia is essential in the decision-making 
process. Studies on the risk factors associated with 
recurrence after a first-time dislocation may provide 
insight into the clinical and biomechanical consequences 
of layering of risk factors in patients undergoing a sta-
bilization procedure [49, 50]. An increased TT-TG dis-
tance, patellar alta, and femoral anteversion all increase 
the amount of laterally-directed force that a graft needs 
to resist in addition to the increased forces dictated by 
the trochlear dysplasia. Tissue quality demonstrated 
via generalized joint hypermobility and measured by 
the Beighton score may lower the threshold at which a 
redislocation may occur. In the presence of multiple risk 
factors, the thresholds at which some or all of these are 
addressed may be lowered [51].

3. Physical examination: A prominent or “jumping” J-sign 
in the presence of high-grade dysplasia indicates that 
there is a significant patellar tracking issue. The patella 
is forced laterally during the initial degrees of flexion as 
it encounters the trochlear bump and then “jumps” back 
into the groove in deeper flexion. These motions result in 
significant lateral forces and a soft tissue reconstruction 
is unlikely to be successful. This patient presentation 
should be an indication for considering trochleoplasty 
[48, 52, 53••].

4. Considerations in the skeletally immature: Skeletal 
immaturity has historically been a contraindication for 
trochleoplasty due to the risk of physeal injury and par-
tial growth arrest. More recently, successful outcomes 
of trochleoplasty performed in patients with open phy-
ses have been reported [54•]. Nelitz published a case 

series of 18 adolescents with high-grade trochlear dys-
plasia, open distal femur growth plates, and < 2 years of 
growth remaining. At an average 2.3 years after thin-flap 
trochleoplasty, good outcomes were reported with no 
growth arrest or angular deformity evident. The authors 
recommend the thin-flap trochleoplasty in this age group 
to minimize the violation of the anterior growth plate 
[54•]. The best approach for patients with more than 
2 years of remaining growth has yet to be established 
and remains a contraindication for trochleoplasty given 
the risk of physeal injury.

5. Considerations in the revision setting: Despite good out-
comes and an acceptable complication profile, the use 
of trochleoplasty in the revision setting is more widely 
accepted than in the primary setting. As with other liga-
ment reconstructions such as anterior cruciate ligament 
reconstruction, the addition of procedures to improve 
the anatomy, and/or biomechanics of the joint to reduce 
the force on the soft tissue graft in the revision setting is 
standard [55]. Many of the studies describing outcomes 
after trochleoplasty include revision procedures in their 
numbers, contributing to the heterogeneity of the results 
and the difficulty in drawing conclusions [56••, 57]. In 
studies describing failure of isolated MPFL reconstruc-
tion, neglecting to address bony risk factors is stated as 
a significant cause of failure [58–61]. Revision MPFL 
reconstruction including addressing any significant risk 
factors leads to improved patient outcomes although not 
quite as successful as for primary procedures [60, 61]. In 
the context of a failed soft tissue stabilization procedure, 
addressing high-grade trochlear dysplasia by adding a 
trochleoplasty to the revision MPFL procedure should 
be contemplated.

Senior Author’s Recommendations

Trochleoplasty should be considered for patients with sig-
nificantly symptomatic recurrent instability in the setting of 
high-grade trochlear dysplasia (Dejour B/D) and a trochlear 
bump greater than 5 mm [1••]. A significant or “jumping” 
J-sign in the setting of a large trochlear bump suggests that 
an isolated soft tissue procedure may not be sufficient to 
counteract the lateral forces, and a bony procedure should 
be included. Understanding that the thresholds to add a 
trochleoplasty are not entirely defined, a primary trochleo-
plasty concomitant with an MPFL reconstruction is prefer-
able in a high-risk patient as opposed to reserving the pro-
cedure to a revision setting where patient outcomes are less 
optimal. This is especially true in the young patient in whom 
the osteochondral flap is malleable, the healing potential is 
optimized and there is potential to interrupt the natural his-
tory of high-grade dysplasia and patellofemoral instability. 
In addition, the author supports the orthopaedic principle of 
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fixing at the site of deformity [62]. If the major deformity is 
at the trochlear, the bony re-alignment should be performed 
at the trochlea. A lower threshold for undertaking a trochleo-
plasty should be considered when a patient demonstrates risk 
factors that are unalterable such as generalized ligamentous 
laxity or multiple risk factors in combination.

Is an MPFL Reconstruction Necessary 
in Combination with Trochleoplasty?

There are conflicting opinions regarding the necessity to 
reconstruct the MPFL in the setting of trochleoplasty [23, 24]. 
In principle if the MPFL complex is the restraint to lateral 
translation of the patella, logic dictates that reconstruction 
of this structure be part of the treatment for patellofemoral 
instability. Procedures such as trochleoplasty and TTO serve 
to improve the anatomy and biomechanics of the patellofemo-
ral joint. These bony procedures provide improved patellar 
tracking and redistribute the forces acting on the joint, but 
they do not provide stability to the patella. Although in keep-
ing with surgical principles, this concept has not been studied 
in a methodical manner. One systematic review has compared 
combined trochleoplasty and MPFL-R to trochleoplasty alone 
in patients with trochlear dysplasia, and found lower outcome 
scores and higher rates of residual instability in the isolated 
trochleoplasty group [24]. In contrast, a more recent system-
atic review determined there were no differences in outcomes 
or surgical failure between isolated trochleoplasty versus 
trochleoplasty in combination with other stabilizing proce-
dures [23]. There is significant heterogeneity in the studies 
reported in these systematic reviews making any conclusions 
difficult to draw. Answering these questions will require high-
quality prospective data from studies with robust inclusion 
criteria and valid outcome measures. Until then, adding an 
MPFL reconstruction or other medial soft tissue stabilizing 
procedure is consistent with “restoring damaged anatomic 
structures,” a practice highly recommended by Dejour [52].

Senior Author’s Recommendations

Patients presenting with recurrent lateral patellofemoral 
instability lack a soft tissue restraint to lateral translation. 
The primary restraint to lateral translation is the MPFL com-
plex. Any stabilization procedure then must address the pri-
mary lesion and provide a checkrein to the patella. The most 
common procedure to achieve this is an MPFL reconstruc-
tion but the soft tissue restraint can also take the form of an 
MPFL imbrication, an MQTFL reconstruction, an MPTL 
reconstruction, or a combination thereof. Bony procedures 
such as trochleoplasty serve to improve the anatomy and 
biomechanics of the patellofemoral joint but will not pro-
vide restraint to lateral translation of the patella. For these 

reasons, if a trochleoplasty is performed for the correction 
of patellofemoral instability, it should be accompanied by a 
medial soft-tissue stabilization procedure, most commonly 
an MPFL reconstruction.

Concomitant Procedures in the Setting 
of Trochleoplasty?

Patients with patellofemoral instability present with a variety 
of demographic and pathoanatomic risk factors necessitating 
thorough assessment and an à la carte approach to treatment. 
It is critical for the treating surgeon to understand and iden-
tify the risky pathoanatomic and demographic features that 
are present in each patient and then plan how best to address 
them. Using the current reference thresholds for each patho-
anatomic risk factor, patella alta can be addressed with a dis-
talizing tibial tubercle osteotomy; rotational abnormalities 
of the femur and tibia can be addressed with de-rotational 
osteotomies [63•, 64] and lateral tilt can be addressed by 
a lateral retinacular lengthening or release. Lateralization 
of the tibial tubercle can be improved with a medializing 
tibial tubercle osteotomy. It must be kept in mind, however, 
that the TT-TG distance is a measurement that includes the 
position of the trochlear groove which is usually medial-
ized in high-grade dysplasia, thereby elevating the TT-TG. A 
medializing tibial tubercle osteotomy should only be added 
if there is true lateralization of the tubercle as determined by 
an increase in the TT-PCL distance [65]. Trochleoplasty will 
lateralize the trochlear groove improving the TT-TG meas-
urement by up to 10 mm [48, 66, 67]. Performing a tibial 
tubercle osteotomy to correct the mal-tracking associated 
with high-grade dysplasia has been recommended as a safer 
approach to improve tracking than performing a trochleo-
plasty [68]. While further research is essential, this approach 
violates the surgical principle of fixing at the site of the 
deformity to avoid creating secondary deformities [62].

Senior Author’s Recommendations

Each patient presenting with recurrent patellofemoral insta-
bility must be thoroughly assessed via history, physical 
examination, and imaging. History provides demographic 
risk factors and severity of symptoms. The physical exami-
nation will identify many of the pathoanatomic risk factors 
as well as signs such as apprehension and J-sign unique to 
each patient. Minimum imaging includes plain radiographs 
with anterior–posterior, true lateral, and skyline views. Axial 
imaging in the form of a CT scan or MRI scan is neces-
sary to determine the measurements of trochlear dysplasia, 
TT-TG, and TT-PCL. A rotation profile using an MRI or 
CT scan will allow for the calculation of femoral and tibial 
rotational abnormalities. If needed, sagittal MRI will aid 
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in determining the effect of any increase in patellar height 
by allowing the measurement of the patellar-trochlear index 
[69]. Once all demographic and pathoanatomic risk factors 
are catalogued, a decision can be made regarding the addi-
tion of concomitant procedures. Assessment of the patient’s 
physical demands and psychological readiness for surgery 
will also play into the final decision. Keeping in mind that 
a trochleoplasty and MPFL reconstruction is already a 
large procedure, careful consideration of the necessity of 
any additional procedures should be taken. Of note, a TTO 
is not recommended based solely on the TT-TG distance, 
given that a trochleoplasty will improve the TT-TG by up 
to 10 mm. An increase in TT-PCL or significant patella alta 
should be present in order to consider the addition of a TTO.

What is the Risk–Benefit Equation 
for Trochleoplasty?

This review has established that trochleoplasty for the appro-
priate indication and performed using modern surgical tech-
nique has good outcomes with a low complication profile. 
Why then, the hesitance to incorporate trochleoplasty into 
clinical practice? The largest deterrent for surgeons appears 
to be concern about the risk of progression of patellofemo-
ral osteoarthritis. Rouanet et al. published a 97% incidence 
of PF OA for a patient cohort 15-year post sulcus deepen-
ing trochleoplasty [70]. Although this study is often cited 
by surgeons concerned about trochleoplasty outcomes, it is 
important to note that 30% of the cohort had patellofemoral 
osteoarthritis pre-operatively, and to form the new groove a 
mallet was used to hammer the cartilage flap into a concave 
surface. Current research indicates that using more appro-
priate patient selection and modern surgical techniques, the 
progression of OA is no higher than those for MPFL recon-
struction in isolation [56••, 71, 72]. Taking into account that 
a patient with high-grade trochlear dysplasia is more likely 
to develop patellofemoral arthritis [73, 74], an offloading 
trochleoplasty may alter the natural history of patellofemoral 
degeneration. This concept is supported by Falkowski et al. 
who reviewed pre and post-operative MRIs of patients that 
underwent trochleoplasty and identified a reduction in sig-
nal intensity of the lateral patellar facet as a marker of cor-
rected PF articulation [75]. Further studies will be essential 
to determine how trochleoplasty influences the natural his-
tory of patellofemoral instability in the setting of high-grade 
trochlear dysplasia.

The creation of patellar-trochlear mismatch is another 
concern raised about trochleoplasty. Recent evidence sug-
gests that the trochlea is the most affected side of the joint in 
this condition. Balcarek et al. reviewed pre- and post-opera-
tive MRIs of 20 patients with high-grade trochlear dysplasia 

who underwent a trochleoplasty with MPFL reconstruction 
and compared them to age- and gender-matched controls. 
These researchers reviewed multiple patellotrochlear con-
gruence and patellofemoral alignment parameters and dem-
onstrated that all were normalized post-operatively com-
pared to the control group [76••]. This research adds support 
to the hypothesis that dysplasia occurs most notably in the 
trochlea, and when corrected, the patella is congruent with 
the normalized trochlea. This improved congruence could 
serve not only to improve stability of the joint but also to 
potentially reduce contact pressures and therefore the risk 
of osteoarthritis.

The Future of Trochleoplasty

The key to alleviating the concerns surrounding this pro-
cedure will be building further knowledge about how to 
appropriately select the patients who will most benefit from 
a trochleoplasty. To achieve this, ongoing research must fur-
ther define and classify the dysplastic trochlea and determine 
its interaction with other pathoanatomic risk factors. Com-
puter modeling and immersive simulations such as virtual 
reality may enable predictions of the interactions between 
various risk factors and allow for patient-specific indica-
tions for the addition of concomitant procedures such as 
trochleoplasty.

Although surgical techniques have advanced significantly 
since the initial description of trochleoplasty, the use of 
advanced surgical planning with modalities such as robot-
ics or virtual reality will refine the surgical technique in a 
patient-specific manner and allow for more precise proce-
dures. The ability to use advanced imaging in concert with 
platforms such as virtual reality will allow surgeons to plan 
the exact procedure in 3-dimensions. This will optimize 
patient outcomes while minimizing the associated risks. The 
use of training modalities such as simulations and virtual 
reality will reduce the learning curve associated with new 
and complex procedures, making them safer and reducing 
complications [77].

Another area that requires investigation is well-designed 
trials assessing different approaches to post-operative reha-
bilitation. There is minimal knowledge about the influence 
of post-operative weight-bearing, bracing, strengthening, and 
functional exercise on outcomes following trochleoplasty. 
Considering the extreme weakness or hypoplastic quadriceps 
musculature present in some patients with high-grade dyspla-
sia and recurrent patellofemoral instability, investigations of 
the use of strengthening techniques including electrical muscle 
stimulation to facilitate rehabilitation are warranted. Validation 
of return to sport assessment criteria will be another important 
consideration to optimize outcomes in this patient population.
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Finally, valid and reliable disease-specific outcome 
measures that are sufficiently sensitive to identify differ-
ences between groups will be necessary to explore the indi-
cations for the addition of trochleoplasty when stabilizing 
the patellofemoral joint. The use of measures that assess 
multiple facets of outcome including quality of life, physi-
cal symptoms, catastrophizing, kinesophobia, return to sport 
assessment, and functional testing will further the accuracy 
of global assessment in these complex patients both pre- and 
post-operatively.

Conclusion

This review has demonstrated that the use of sulcus-deepen-
ing trochleoplasty for the treatment of high-grade dysplasia 
and recurrent patellofemoral instability is a well-established 
technique with good outcomes and an acceptable compli-
cation profile, similar to that of other patellofemoral stabi-
lization procedures. In patients with high-grade dysplasia, 
trochleoplasty results in lower re-dislocation rates, high 
patient satisfaction scores, and good clinical and functional 
outcomes. An understanding of trochleoplasty and its indica-
tions should be in the armamentarium of surgeons treating 
patellofemoral pathology.

Recent publications on trochleoplasty have been spurred 
by an improved understanding of the pathology and indi-
cations, as well as greater familiarity with available vari-
ations in surgical techniques. While there have been some 
meta-analyses performed in the current literature, a common 
limitation amongst them is the heterogeneity amongst the 
studies that limit their value. Allaying concerns about com-
plications will require that future studies have robust inclu-
sion and exclusion criteria as well as standardized reporting 
of complications and adverse outcomes. The lack of inter-
rater agreement for the grading of trochlear dysplasia and 
untested outcome measures also limits the translation from 
these research studies to improved clinical decision-making. 
It is critical for scientific progress that a reliable and valid 
standardization of the trochlear dysplasia classification is 
developed as well as disease-specific outcome scores to help 
guide the treating physician.
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