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25.1 Indications

Correct patient selection is critical to the success
of the deepening trochleoplasty procedure.
Furthermore, the treating surgeon must have a
complete understanding of the type and severity
of the dysplasia as well as associated anatomic
risk factors (ARFs) such as patella alta or a later-
alized tibial tuberosity. It must be emphasized
that the mere presence of type A dysplasia, a
shallow groove, is not an indication for a deepen-
ing trochleoplasty (Fig. 25.1).

The most commonly utilized indications for
trochleoplasty include persistent patellar insta-
bility refractory to conservative treatment in
patients with a Dejour type B or D trochlea and a
spur height >5—7 mm and a “J sign” on physical
exam [1-5]. The key feature of Dejour type B
and D dysplasia is the presence of the large
supratrochlear spur (Figs. 25.2 and 25.3). This
spur can act in a manner analogous to a “ski
ramp.” As the knee moves into flexion, the
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patella will encounter the spur producing lateral
subluxation or dislocation. Additionally, biome-
chanical testing has demonstrated that Dejour B,
C, and D types have increased chondral contact
pressures, decreased contact areas, and altered
kinematics with resultant patellar instability [6].
High-grade dysplasia (greater than type B) is
also associated with increasing patellofemoral
arthrosis severity [7, 8].

The presence of a “J sign,” an indicator of
pathological patellar tracking, is a critical finding
on physical examination as it demonstrates the
influence of the spur on the patella [9, 10]. The *“J
sign” occurs when the knee is actively brought
from flexion to extension and the patella demon-
strates a sudden lateral translation as it exits the
trochlear groove when approaching full exten-
sion (Video 25.1). This physical examination
finding reflects either trochlea dysplasia, patella
alta, or a combination of both. In patients with a
spur (Dejour B or D dysplasia), the J sign is seen
when the patella “jumps” or “falls” off the supra-
trochlear spur. A large or tall supratrochlear spur
often leads to a more dramatic J sign.

The importance of the supratrochlear spur as a
requirement for deepening trochleoplasty cannot
be overstated. A primary objective of trochleo-
plasty is removing the spur and bringing the
height of the trochlea to a level flush with the
anterior femoral cortex. In our experience, the
presence of patella alta (patellotrochlear index
(PTD <0.20 or Caton—Deschamps (CD) index
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Fig. 25.1 Graphical representation of the Dejour classification of trochlear dysplasia

Fig. 25.2 Sagital and axial CT scan views of a large supratrochlear spur measuring 8.51 mm relative to the anterior
border of the femur
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>1.4) lowers the surgical threshold to perform a
deepening trochleoplasty (Fig. 25.4). The pres-
ence of patella alta magnifies the effect of the
supratrochlear spur as the patella must navigate
past this spur each time the knee flexes. These
knees typically have the most pronounced J signs
on exam.

Trochleoplasty should also be strongly con-
sidered in revision procedures in patients with
Dejour B and D dysplasia who have previously
undergone an isolated soft tissue procedure.
Multiple studies have demonstrated an associa-
tion between the severity of a patient’s trochlear

Fig. 25.3 Intra-operative photograph demonstrating the
presence of a large supratrochlear spur

dysplasia and their clinical outcome and risk of
persistent instability following an isolated soft
tissue procedure such as a medial patellofemoral
ligament (MPFL) reconstruction [11-14].
Hopper et al. noted in their series of 68 patients
treated with MPFL reconstruction that all 7 of the
patients with Dejour C or D dysplasia had recur-
rent or persistent instability [15]. More recently,
Balcarek et al. performed a systematic review of
published studies of patients with high-grade
trochlear dysplasia treated with (1) medial patel-
lofemoral ligament reconstruction or (2) com-
bined trochleoplasty and extensor apparatus
balancing [16]. The MPFL group was comprised
of four studies with a total of 210 patients (221
knees), and the trochleoplasty group was com-
prised of six studies with a total of 164 patients
(186 knees). The rate of persistent instability was
7% in the isolated MPFL group compared to
2.1% in the trochleoplasty group.
Contraindications to trochleoplasty include
advanced patellofemoral arthrosis [1, 17].
Attempts to perform a deepening trochleoplasty
in the presence of brittle, eburnated, and sclerotic
trochlear bone can lead to fracture propagation
when attempting to cut the osteochondral shell
with a scalpel or osteotome. This could poten-
tially result in unstable fragments that might

Fig. 25.4 Sagital MRI with lines drawn to demonstrate (a) CD ratio which is represented as a/b, and (b) PTI which is
represented as t/p
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require additional fixation or alterations to post-
operative rehabilitation. Likewise, if using the
“thin-flap” technique, the flap may be too brittle
and stiff to reshape properly.

Open physes or skeletal immaturity is also fre-
quently cited as contraindication to trochleo-
plasty due to the risk of growth arrest or angular
abnormality [17]. Interestingly, Nelitz et al. per-
formed thin-flap trochleoplasty in 18 adolescents
with less than 2 years of growth remaining [18].
There were no cases of growth arrest or distur-
bance and no episodes of recurrent instability.
Additional research, however, is necessary before
trochleoplasty can be advocated in skeletally
immature patients, and caution should be
exercised.

25.1.1 Associated Procedures

Trochleoplasty is frequently combined with other
procedures in order to fully address the multifac-
torial contributors to patellar instability. In
patients with chronic patellar instability, the
medial soft tissue restraints, including the MPFL,
are disrupted or attenuated. For this reason, a
MPFL reconstruction should be included with
any trochleoplasty procedure [1, 17].

Patella alta is a critical ARF for patellar insta-
bility and frequently coexists with trochlear dys-
plasia [19, 20]. Patella alta promotes instability,
as the patella does not engage the trochlear
groove until deeper degrees of flexion. A distal-
izing tibial tubercle osteotomy may be consid-
ered in patients with a CD >1.3, a PTT1 <0.32, or a
sagittal patellofemoral engagement (SPE) ratio
<0.45 [21, 22]. Given the additional morbidity of
a distalizing osteotomy, most surgeons (including
the authors) generally accept a CD ratio >1.4 or
a PTI <20% as an indication. It is important to
note that distalizing the patella will help mini-
mize the influence of the supratrochlear spur in
producing lateral patellar dislocation as the
patella is brought further into the groove, thereby
avoiding the effects of the spur proximally. This
is especially important in “borderline cases”

with significant patella alta (CD ratio of >1.4)
and a smaller spur (<5 mm). Distalizing the
tubercle in these cases will effectively diminish
the effect of the spur and potentially obviate the
need for trochleoplasty.

In patients who also have genu valgum or a
laterally positioned tibial tuberosity, the effect of
trochlear dysplasia is magnified. The combina-
tion of all three anatomic risk factors (trochlear
dysplasia, patella alta, and elevated tibial
tubercle-trochlear groove (TT-TG) distance) is
especially problematic for surgical success unless
all three are addressed. An elevated TT-TG
>20 mm is often utilized as criteria for a bony
procedure such as a tibial tubercle osteotomy
(TTO) [23, 24]. Measurement of TT-TG is most
accurate using CT, as MRI can underestimate this
measurement by up to 4 mm [25]. A trochleo-
plasty may obviate the need for TTO in patients
with type B or D dysplasia and borderline ele-
vated TT-TG. In our experience, the new troch-
lear groove achieved during trochleoplasty can
be created up to 3—5 mm laterally, thus effectively
decreasing the TT-TG distance. Schéttle et al.
noted an even more dramatic improvement in
TT-TG (20 mm preoperatively to 9.9 mm postop-
eratively) in 19 patients treated with a thin-shell
technique [26]. Thus, in the setting of a trochleo-
plasty, a more elevated TT-TG of >23 mm may be
considered a threshold for TTO given that a mini-
mally elevated TT-TG (18-22 mm) can be nor-
malized by lateralization of the newly created
trochlear sulcus (Video 25.2).

25.2 Results

Results following trochleoplasty are generally
positive but demonstrate some variability which
may be attributed to the heterogeneity of the
patient population afflicted with patellar instability
and the resulting complex surgical decision-
making. Since trochleoplasty is relatively rarely
performed, no current level I trials investigating
trochleoplasty exist. Therefore, the available stud-
ies are smaller case series with short- and midterm
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follow-up which can be challenging to use as a
basis for clinical decision-making due to the vary-
ing combinations of procedures utilized. A recent
consensus statement was issued by a work group
jointly funded by the American Orthopedic
Society for Sports Medicine (AOSSM) and the
Patellofemoral Foundation (PFF) that based its
recommendations largely on expert opinion and
basic anatomic principles in the absence of high-
level evidence in the literature [27]. Nevertheless,
a review of published outcomes reveals several
trends to guide practice and helps lay a foundation
for future investigations.

25.2.1 Biomechanical Studies

Biomechanical and anatomic studies have exam-
ined the effect of trochlear dysplasia on patello-
femoral biomechanics and demonstrated the
effectiveness of trochleoplasty through normal-
izing patellofemoral kinematics and reducing
instability in cadaveric specimens. Van Haver
et al. designed a study with four cadaveric knees
and implanted in them a series of 3D-printed
trochleas with typical dysplasia patterns (based
on Dejour’s classification scheme) to objectively
demonstrate  increased contact pressures,
increased lateral translation, and decreased sta-
bility in trochlear dysplasia compared to normal
[6]. Amis et al. used fresh frozen cadaver knees to
simulate patellar instability by surgically raising
the central anterior trochlear which significantly
increased the degree of instability in their model
[28]. The researchers then subsequently per-
formed a trochleoplasty procedure and recorded
a decrease in instability. An anatomic study was
performed by Fucentese et al., who utilized CT
scans before and after sulcus-deepening trochleo-
plasty in 14 patients (17 knees) to demonstrate
the improvement in key anatomic features [29].
The trochlear groove was lateralized by a mean
of 6.1 mm proximally and 2.5 mm distally, while
the patella medialized 5 mm. The depth of the
groove also improved, increasing by 5.9 mm
proximally and 2.8 mm distally. Others have

assessed the sulcus angle pre- and postoperative
with a reported correction from 12° to 39° fol-
lowing deepening trochleoplasty [30-32].

25.2.2 Clinical Results

There has been a growing body of literature
investigating the clinical outcomes of trochleo-
plasty with some early results being unfavorable.
Surgical techniques have evolved over time, and
some techniques have fallen out of favor with
contemporary authors. Albee was the first to pro-
pose a trochleoplasty technique in 1915 that
involved elevating the lateral aspect of the troch-
lea with a bone wedge graft in an attempt to
restore normal patellar tracking [33]. This tech-
nique was later found to significantly increase
patellofemoral contact pressures and subse-
quently observed to result in poor outcomes [34,
35]. Masse then introduced the concept of the
deepening trochleoplasty in 1978 which involved
removing subchondral bone and molding the
articular cartilage with direct impaction using a
mallet [36]. A study by Rouanet presented
15-year results for this technique in 34 patients
which showed a 20% failure rate, including seven
patients that subsequently underwent arthro-
plasty procedure during the study period due to
advanced patellofemoral arthritis [37]. Despite
this high failure rate, the authors reported no
recurrent instability episodes in their 34 patients.

Techniques have been further refined to include
the three most commonly performed techniques
today: (1) the Lyon procedure, i.e., Dejour or “thick
shell,” (2) the Bereiter procedure or “thin flap” and
its arthroscopic modification, and (3) the Goutallier
recession wedge [1, 38—40]. The outcomes of these
modern techniques have been more promising, and
the following reviewed articles focus on these con-
temporary techniques. The inclusion (or exclusion)
of other patellofemoral-stabilizing procedures con-
tinues to be confounding as the indications for
these procedures are not universally agreed upon,
and consequently the outcomes must be interpreted
in light of these differences.
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25.2.3 Lyon Technique

The Lyon technique involves creating a thick,
3-5 mm osteochondral shell by undermining the
trochlea with a high-speed burr to remove the
subchondral bone. An osteotomy is then created
using an osteotome or scalpel forming two “shin-
gles” which are fixed in place using small anchors
and absorbable sutures draped over each side to
form a new trochlea [1]. A large level IV study
utilizing the Lyon technique was published by
McNamara et al., including 90 patients (107
knees) with severe dysplasia who underwent
deepening trochleoplasty in addition to other
indicated stabilizing procedures [41]. In this
cohort, 83% of patients reported satisfaction with
their outcome. At 6-year follow-up, there where
were significant improvements in Kujala scores
from a mean of 63 to 84 postoperatively
(p < 0.05). Of note, only 14 (13.1%) of patients
had MPFL reconstruction at the index procedure,
and the authors reported 21 knees (19.6%)
required a second operation for recurrent insta-
bility including 10 MPFL reconstructions, 2 of
which were revisions. These results suggest that
additional patellar stabilization procedures
should be considered at the index procedure,
which has been suggested by other authors [1,
17]. In their series, sports participation increased
from 40% to 67% at final follow-up.

In another level IV study, Ntagiopoulous et al.
presented midterm results on 31 knees treated
with trochleoplasty for high-grade dysplasia and
demonstrated substantial improvements from
preoperative Kujala and IKDC scores [32].
Radiographically, their mean sulcus angles
improved, and there were no reported postopera-
tive patellar dislocations reported although a
patellar apprehension sign was found on exam in
six knees.

Other smaller series include Dejour et al.
which examined 22 patients (24 knees). The
authors showed no instability events and improve-
ments in Kujala score from 44 to 81 over a mean
follow-up period of 66 months. Pain decreased in
72% of patients, and the apprehension sign was
negative in 75%. No patients exhibited evidence
of osteoarthritis during the study period [30].

25.2.4 Bereiter Technique

The Bereiter technique involves making a thin
osteochondral flap or “flake” 2-3 mm thick,
which is elevated from the anterior femur using a
burr or a combination of osteotomes. A bony sul-
cus is fashioned beneath the flap to create depth,
and the flap is molded into the new sulcus and
fixed with absorbable sutures and anchors draped
over the top [38]. The largest published study on
trochleoplasty to date comes from Metcalf et al.,
who reported on prospectively collected out-
comes in 199 Bereiter trochleoplasties performed
on 173 patients over a study period of 12 years
[42]. Their mean follow-up time was 4.4 years
(range 1-12). Eighty-eight percent of patients
were satisfied with their outcomes, 90% of
patients said their symptoms had resolved, and
73.6% had returned to sport. Kujala scores
increased from 51.5 to 82.5 and IKDC scores
increased from 44.3 to 71.3. Sixteen patients
experienced a recurrent patellar dislocation, for
an 8.3% recurrence rate. Twenty-seven patients
(14%) underwent reoperations, nine of which
were MPFL reconstructions. During the course
of the investigation, it appears that the authors
began to augment trochleoplasty with soft tissue
balancing procedure which resulted in a chang-
ing incidence of subsequent MPFL reconstruc-
tions. Four of the first 40 patients underwent later
MPFL compared to 5 of the next 174. In their
cohort, patients were less likely to be satisfied if
they had undergone a previous procedure. Of
knees with X-rays more than 5 years after sur-
gery, 7.7% demonstrated evidence of OA. In a
subgroup analysis of 29 patients who had had
been seen more than 8 years following surgery,
the results appeared durable with Kujala scores
of 83 and IKDC scores of 79.

Utting reported on prospectively collected
outcomes for 59 knees undergoing deepening
trochleoplasty with 2-year follow-up and showed
improvement in all scores: Kujala, IKDC,
Lysholm, Oxford, and WOMAC [43]. Nelitz
et al. reported minimum 2-year follow-up on 23
patients (26 knees) who underwent combined
trochleoplasty and MPFL reconstruction and
showed no recurrent dislocations, Kujala score
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improvement from 79 to 96, IKDC improvement
from 74 to 90, and VAS improvement from 3 to 1,
with 95.7% of patients being satisfied with their
outcome [44].

Isolated trochleoplasty was investigated by
Camathias et al. in 44 adolescent patients (50
knees) with recurrent instability and trochlear
dysplasia [45]. The authors reported improve-
ments in both outcome measures and exam find-
ings; Kujala scores increased from 71 to 92, and
Lysholm scores increased from 71 to 95, while
the J sign disappeared in 39 of 45, and apprehen-
sion disappeared in 33 of 41. A single redisloca-
tion was observed at 38 months. This patient
group was reported to have no torsional or axial
malalignment.

25.2.5 Goutallier Technique

The Goutallier technique involves an osteotomy
to remove a section of bone from beneath the
trochlea with a distal osteochondral hinge that is
closed and secured with two or three 3.5 mm
cancellous screws. The primary goal is to
decrease the height of the supratrochlear spur
rather than reposition or deepen the trochlear
groove [40, 46]. Results from Thaunat et al.
demonstrated that functional results trended
toward, but did not reach, statistical significance
in their study of 17 patients (19 knees) with a
mean of 34 months of follow-up [40]. The supra-
trochlear spur height was decreased from a mean
of 4.8 to —0.8 mm, and two patients experienced
recurrent instability.

25.2.6 Systematic Reviews

Systematic reviews have also been conducted to
compare available literature including a 2017
review of 15 articles regarding trochleoplasty for
patellofemoral  instability =~ which  showed
improvements in Kujala scores (from 61.4 to
80.8), Lysholm scores (from 55.5 to 78.5), and a
low redislocation rate of 2% [47]. Longo et al.
published a systematic review that encompassed
392 knees in 371 patients across 14 articles [48].

Interestingly, this review also stratified which
technique was performed including Bereiter,
Dejour, or Goutallier recession trochleoplasty.
All resulted in significant improvements in insta-
bility and outcome scores in the majority of
patients. The Bereiter technique was associated
with the lowest rate of recurrence and least range
of motion deficiency. The Dejour technique was
associated with the highest mean Kujala scores
postoperatively. The authors concluded that
there was no superiority for one technique over
the others.

25.2.7 Our Results

At our institution, we have had high satisfaction
rates following deepening trochleoplasty. A total
of 64 patients (71 knees) with severe trochlear
dysplasia were prospectively enrolled from 2011
to 2017. All patients underwent sulcus-deepening
trochleoplasty using the Dejour, thick shell oste-
otomy method. All patients in our study under-
went concomitant procedures during their
trochleoplasty which included MPFL reconstruc-
tion (100%), lateral release or lengthening
(50.7%), tibial tubercle osteotomy (32.8%), and
some type of cartilage procedure (41.8%) to
include shaving chondroplasty (38.8%), chondral
allograft (10.4%), microfracture (7.5%), and/or
removal of loose body (22.4%).

The majority of patients were female (81.6%)
with a mean age of 19.6 + 6.8 years. Follow-up
ranged from 12 months to 78.4 months (mean
277 = 15.4). All knees were either Dejour B
(81.3%) or D (18.8%) with a mean Caton—
Deschamps index (CDI) of 1.20 (+0.2). Mean
spur height preoperatively was 7.41 mm
(£1.84 mm) with a mean trochlear depth of only
—0.18 mm (£2.71). Mean patellotrochlear index
(PTID) was 0.41 (+0.41).

Most importantly, there were zero episodes of
recurrent instability. One patient had patellar
apprehension and a recurrent J sign at terminal
extension postoperatively requiring a distal fem-
oral osteotomy for genu valgum. All patients
reported clinically significant improvements
compared with baseline preoperative outcome
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scores. The mean preoperative IKDC score
improved from 49.99 to 79.86 (p < 0.001), and
the mean preoperative Kujala score improved
from 55.88 to 85.80 (p < 0.001). Patients reported
high satisfaction rates (mean 9.5 + 1.6 out of 10).
All but one patient (96.9%) returned to work,
while 88.2% of patients were able to return to
sport. Ten knees (20.4%) developed arthrofibro-
sis and required manipulation under anesthesia,
while eight of which underwent simultaneous
arthroscopic lysis of adhesions. No patients had
fixation failure or progression of arthritis noted
on yearly X-rays.

25.2.8 Complications

Trochleoplasty is a technically challenging pro-
cedure that requires a three-dimensional under-
standing of the problem and steps to correction.
Even with the most thoughtful approach, compli-
cations can and do occur. Injury to the articular
cartilage, over- or under-correction, and recurrent
instability have all been reported. An overall
complication rate of 13.4% has been reported by
Song et al. following trochleoplasty [3]. This
includes a 6.8% of redislocation and 65.9% with
increased patellofemoral pain. Nearly 8% went
on to develop progression of patellofemoral joint
arthritis at mean follow-up of 69.9 months [3].
The primary complication reported after troch-
leoplasty is stiffness, which has been reported as
high as 46% of knees [3, 37, 41, 49]. More recent
investigations have estimated a 0-20% incidence
of stiffness which is more in line with our unpub-
lished findings above [32, 50, 51]. In many cases,
patients suffering from stiffness return to the
operating room for manipulation under anesthesia
(MUA) and/or arthroscopic lysis of adhesions
(LOA). Several sources have identified satisfac-
tory return to function after LOA/MUA [49, 50,
52]. During arthroscopic LOA, these knees have
been described as having massive periarticular
scar formation, and it has been proposed that early
passive range of motion exercises may reduce the
incidence of this complication [53]. Our experi-
ence echoes this with more stiffness noted early in

our learning curve when our postoperative rehab
protocol was more conservative. Emphasizing
early motion has reduced the need for LOA/MUA
for us dramatically.

A concerning potential complication of troch-
leoplasty is subchondral collapse. There are risk
of direct damage to the articular cartilage while
osteotomizing the osteochondral shell and also
risk of indirect damage to the articular cartilage
while burring beneath the surface due to thermal
injury or over-resection of subchondral bone.
Use of a measured offset guide with the burr or
drill bit adds a measure of safety as well as repro-
ducibility in our experience and seems to reduce
this risk.

In many cases, patients undergoing trochleo-
plasty have already sustained multiple patella
dislocations leading to a high burden of existing
chondral damage and the possibility of postoper-
ative patellofemoral pain despite surgical correc-
tion [31]. This complication has been observed in
10-14% of patients [48]. Despite radiographic
improvement of the patellofemoral joint, it is
possible that trochleoplasty may not be protective
against progression of osteoarthritis. While
osteoarthritis rates have been reported as low as
0-7%, the lack of long-term results of the con-
temporary techniques leaves this question unre-
solved [30, 42, 48].

25.3 Conclusion

Current literature and expert opinion favors
trochleoplasty as an effective option to surgi-
cally treat patellofemoral instability in carefully
selected patients. There is no consensus as to
which technique should be employed; however,
it is our opinion that whichever technique is cho-
sen should be used in conjunction with MPFL
reconstruction in all cases and paired with addi-
tional bony reconstructive procedures if indi-
cated. With the lack of any large-scale
randomized series, more efforts are needed to
better understand this challenging clinical prob-
lem and the appropriate application of these sur-
gical techniques.
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