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Abstract. Trochleoplasty is a surgical procedure which was initially reserved for the refractory 
cases where previous surgery has failed, but has become more popular in the past years be-
cause of a better knowledge of the knee anatomy and biomechanics and a greater availabili-
ty of surgical instruments. The technical difficulty of the sulcus-deepening trochleoplasty lies 
in the fact that surgeons aim to reshape a usually extremely dysplastic articular surface of 
the trochlea without damaging it. If patients are carefully selected and the surgical rationale 
is carefully followed, recent bibliography presents very encouraging results of the application 
of trochleoplasty with other procedures in patients with severe trochlear dysplasia and re-
current patellar dislocation, in whom benign neglect of dysplasia would lead to unfavourable 
results. The surgical steps and technical pearls of the procedure are described in this review. 
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Sažetak. Trohleoplastika je kirurški zahvat koji se koristi u liječenju rekurentnih dislokacija pa-
tele kod displazija patelofemoralnog zgloba. U početku se trohleoplastika primjenjivala samo 
kod pacijenata kod kojih ostale metode nisu polučile uspjeh. Kako saznanja o anatomiji i bio-
mehanici napreduju, kao i tehnološka dostignuća u konstruiranju kirurških instrumenata, 
tako raste i popularnost takve vrste kirurškog zahvata raste. Radi se o zahtjevnom kirurškom 
zahvatu kod kojeg je potrebno preoblikovati displastično promijenjenu trohleu femura, a da 
se pritom značajno ne ošteti zglobna hrskavica. Noviji rezultati u pacijenata s visokim stup-
njem displazije trohlee femura i rekurentnim dislokacijama patele, govore u prilog trohleo-
plastike u usporedbi s ostalim kirurškim postupcima. Ovaj rad u detalje opisuje kiruršku teh-
niku trohleoplastike.

Ključne riječi: dislokacija; displazija; liječenje; patella; trohlea

*Corresponding author: 
David H. Dejour, MD 
Lyon-Ortho-Clinic,  
29 Avenue des sources BAT B  
Lyon 69009, France  
e-mail:  
dejour.secretariat@lyon-ortho-clinic.com

1Lyon-Ortho-Clinic, Lyon, France
2 Mediterraneo Hospital, Hip & Knee Unit, 
Athens, Greece

Received: 16.11.2014 
Accepted: 20.12.2014

The surgical rationale and the operative 
technique of sulcus-deepening trochleoplasty 
for the treatment of recurrent patellar 
dislocation with severe trochlear dysplasia
Trohleoplastika: Kirurške indikacije i operacijska tehnika u liječenju 
rekurentne patelarne dislokacije pri uznapredovaloj patelofemoralnoj 
displaziji 

David H. Dejour1*, Panagiotis G. Ntagiopoulos2

Review/Pregledni članak

Note: Certain parts of this article were primarily published in the book The Patellofemoral 
Joint: State of the Art in Evaluation and Management (Gobbi A, Espregueira-Mendes J, Naka-
mura N. Springer Heidelberg New York Dordrecht London. 2014.), chapter 23 (“Sulcus-deep-
ening trochleoplasty for the treatment of recurrent patellar dislocation with high-grade 
trochlear dysplasia”).
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INTRODUCTION

Trochleoplasty is a surgical procedure which will 
help the surgeon to reshape a severely dysplastic 
trochlea without damaging its cartilage. Similar 
surgeries that reshape the articular surface of a 
bone are rare in orthopaedics and are predomi-
nately reserved as salvage options1. The goal of 
trochleoplasty is quite ambitious because this sur-
gery changes what natural evolution has done 
during bone growth (Figure 1) without violating 
the cartilage of the usually young and adolescent 
patients that present with recurrent patellar dislo-
cation. The modification of the congruency be-
tween the two articulating bones, and the altera-
tion of joint kinematics are fundamental for 
long-term joint preservation; the technical difficul-
ty of trochleoplasty lies in the fact that these two 
parameters must both be changed enough to cor-
rect patellar dislocation, but not altered in a way 
that could potentially lead to early arthritis2. 
The reason for this drastic surgical choice is to 
achieve stability and congruency in patients with 
recurrent patellar dislocation and severe troch-
lear dysplasia. Continuous stability of the patel-
lofemoral (PF) joint throughout the whole knee 
range of motion is of absolute importance for the 
normal function of the extensor mechanism, the 
human erect stance and bipedalism. A better 
knowledge of joint anatomy and biomechanics 
has made trochleoplasty more popular in recent 
years, and the abundance of surgical instrumen-
tation and imaging technology has also allowed 
surgeons to attempt more extreme procedures3.
Four trochleoplasty procedures have been pro-
posed; Albee’s pioneer procedure involved the el-
evation of the lateral facet in order to restore nor-
mal anatomy4. The second procedure is the 
‘sulcus-deepening trochleoplasty’, which was first 
proposed by Masse5 and later modified by Henri6. 
The third procedure was introduced by Bereiter 
and Gautier in 19947, later to be followed by von 
Knoch8, known as the ‘Bereiter procedure’. In this 
procedure, an osteochondral flake with only 2 mm 
of subchondral bone is elevated from the trochlea 
without osteotomy of the condyle, and the distal 
femoral subchondral bone is deepened with oste-
otomes and a high-speed burr. The same proce-
dure has been performed arthroscopically by 

Blønd and Schöttle9. The fourth procedure is the 
‘recession wedge trochleoplasty’, which was intro-
duced by Goutallier10 in 2002 and its results were 
later published by Beaufils2. In this technique, the 
trochlea’s shape is not changed, but removing a 
proximally-based wedge results in a more posteri-
orly-placed trochlea. 
In 2010, D. Dejour introduced the sulcus-deepen-
ing trochleoplasty with the combination of soft-
tissue procedures for the treatment of recurrent 
patellar dislocation in patients with underlying 

The ideal indication for trochleoplasty is a true and doc-
umented patellar dislocation with underlying high-
grade (type B and D) trochlear dysplasia, especially af-
ter previous failed surgery. Painless re-location of the 
patella by the patient or during clinical examination 
most definitely shows severe trochlear pathology.

high-grade trochlear dysplasia (Type B and D), as a 
modification of the ‘Lyon’s School’ procedure11. 
This new surgical technique was also the result of 
the more meticulous analysis of the 4 types of dys-
plasia and the introduction of a new and the so-far 
most consistent classification of trochlear dyspla-
sia12. The goal of this surgical procedure is to re-
store the normal anatomy and to re-shape the tro-
chlea by undermining the cancellous bone and 
deepening the groove. The amount of bone re-
moval is determined by the amount required to 
have a new trochlear groove flushed with the an-
terior femoral cortex and to make the bony promi-
nence disappear. Furthermore, the trochlea is os-
teotomized with a scalpel carefully over the 
position of the ‘desired’ new trochlear groove. In 
this technique, the new trochlear groove is posi-
tioned according to the preoperative TT-TG value 
in a more lateral position, in order to reduce an ex-
cessive TT-TG value within normal limits. 

THE RATIONALE OF THE SULCUS-DEEPENING
 TROCHLEOPLASTY

The rationale of the sulcus-deepening trochleo-
plasty is:
• to undermine the subchondral bone of the 

trochlea and to create a thick osteocartilagi-
nous flap (in order not to damage the viability 
of the articular side),
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• to remove enough cancellous bone posterior 
to the trochlea so that the prominence (the 
“spur”) disappears, 

• to deepen the trochlear enough to its normal 
values, so that the sulcus angle is decreased. 
In cases of a flat or convex trochlea, trochleo-
plasty will create a more anatomic and con-
cave geometry by deepening the proximal sul-
cus, so that it engages the patella in early 
degrees of knee flexion11. In cases of a convex 
trochlea, trochleoplasty removes the sulcus 
prominence that the patella needs to override 
during flexion, and that leads to patella dislo-
cation over the lateral facet.

• if required, by the presence of an increased pre-
operative Tibial Tuberosity-Trochlear Groove 
(TT-TG) distance of over 20 mm, to perform a 
‘proximal’ re-alignment procedure by osteot-
omizing the trochlea in a new and more lateral 
position, thus decreasing the TT-TG distance 
without the need to perform a TT medicaliza-
tion osteotomy11.

SURGICAL INDICATIONS

The ideal indication for trochleoplasty is a true 
and documented patellar dislocation with under-
lying high-grade (type B and D) trochlear dyspla-
sia, especially after previous failed surgery. Pain-
less re-location of the patella by the patient or 
during clinical examination, most definitely 
shows severe trochlear pathology.
PF arthritis, skeletally immature patients, and iso-
lated PF pain with no true episodes of patellar 
dislocation are not suitable candidates for sulcus-
deepening trochleoplasty.
Sulcus-deepening trochleoplasty is always com-
bined with other soft-tissue procedures (such as 
medial patellofemoral ligament reconstruction) and 
possibly with bony procedures (TT osteotomies), 
when this is needed according to the “menu à la 
carte” introduced by the Lyon Group of H. Dejour13. 

PRE-OPERATIVE EVALUATION

Pre-operative patient evaluation includes:

Clinical examination:
• positive apprehension test, excessive lateral 

patellar glide test (> 4 quadrants) and abnor-
mal patellar tracking and positive J-sign, 

• subjective evaluation: presence of patellofem-
oral pain and/or feeling of patellar instability. 
History of voluntary patellar dislocation, per-
manent patellar dislocation (of congenital ori-
gin), habitual patellar dislocation (every time 
the knee flexes), and especially painless relo-
cation of the dislocated patella by the patient 
or by the physician during examination, show 
severe trochlear pathology. 

• the presence of abnormal, contracted or 
shortened extensor mechanism with patella 
alta or patella infera are also crucial to note. 
This will help the surgeon to estimate the 
amount or the absence of patellofemoral en-
gagement.

Radiographic examination: 
• standard X-rays are of huge value in patellofem-

oral disorders. Surgeons must evaluate the type 
of trochlear dysplasia in true lateral X-rays in 
standing position, 20° of knee flexion and abso-
lute superimposition of the posterior femoral 
condyles. This is advised to be done usually un-
der direct fluoroscopy and the supervision of 
the treating physician. Even minor rotation of 
the knee by a few degrees can underestimate 
the presence of any of the dysplasia signs 
(“crossing sign”, “supratrochlear spur”, etc.). In 
the same lateral views measurement of patellar 
height according to Caton-Deschamps index14 
must be performed. Special attention is also 
given in lateral views to evaluate the tilt of the 
patella. Axial views help to measure the sulcus 
angle in patellar axial views in 30° of knee flex-
ion.

• slice imaging with Computed Tomography (CT) 
or Magnetic Resonance Imaging (MRI) are 
useful to confirm the presence and the type of 
dysplasia (axial views) and to measure the Tib-
ial tuberosity – trochlear groove (TT-TG) dis-
tance and lateral patellar tilt (without quadri-
ceps contraction). Sagittal MRI views are 
useful to evaluate any trochlear prominence 
and to measure the sagittal PF engagement 
between the trochlea and the patella15.

THE NEED FOR ADDITIONAL SURGERIES 

Patients with recurrent patellar dislocation and 
trochlear dysplasia are treated according to the 
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Figure 1 a-j. The principle of Dejour’s sulcus-deepening trochleoplasty
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presence of concomitant predisposing anatomic 
abnormalities and trochleoplasty is combined 
with other procedures when needed12,13,16-19: 
• if the TT-TG distance is excessively increased 

(e.g. over 25 mm) a tibial tuberosity medializa-
tion osteotomy is performed in order to ob-
tain post-operatively a TT-TG between 10 and 
15 mm12,13. In cases where the TT-TG distance 
is between 20-25 mm, a “proximal re-align-
ment procedure” can be done by lateralizing 
the new trochlear groove during trochleo-
plasty in a more lateral procedure, thus reduc-
ing the slightly increased TT-TG. 

• if patella alta is recorded (Caton-Deschamps 
index > 1.3), a distalization osteotomy is done 
to obtain a normal patellar index of 1.012,13. In 
cases where a slightly elevated Caton-Des-
champs index is recorded (e.g. 1.2-1.3), troch-
leoplasty alone was performed, even though 
this resulted in a slight patella alta.

• if the lateral patellar tilt is over 20o the correc-
tion is achieved with a reconstruction of the 
medial patellofemoral ligament (MPFL) using a 
double-looped gracilis graft12,13,20,21 and lateral 
retinaculum release/lengthening.

SURGICAL TECHNIQUE 

Trochleoplasty is performed according to De-
jour’s ‘sulcus-deepening trochleoplasty’ in all pa-
tients11. The principle is to remove subchondral 
cancellous bone under the trochlea with a high-
speed burr (Figure 1a,b). The amount of bone re-
moval is determined to have a new trochlear 
groove flushed with the anterior femoral cortex 
and to make the prominence disappear. The goal 
is to decrease the trochlear bump and deepen 
the sulcus angle.
Trochleoplasty can be performed under general 
or regional anaesthesia. The patient is positioned 
supine and the lower limb is prepared and 
draped in a standard fashion. A tourniquet is ap-
plied and the knee is flexed at 90o. A straight mid-
line skin incision is carried out from the superior 
patellar margin to the tibiofemoral articulation. 
The arthrotomy is performed through an adapt-
ed midvastus approach: the medial retinaculum 
is sharply dissected 2 cm of the medial border of 
the patella and the vastus medialis oblique 

(VMO) is bluntly dissected within its fibers start-
ing proximally 3-4 cm into the muscle belly and 
ending at the superomedial pole of the patella. 
The patella is then briefly everted only to inspect 
and document chondral injuries and then it is re-
tracted laterally. 
The trochlea is now exposed and the peritroch-
lear synovium and periosteum are incised along 
their osteochondral junction and reflected from 
the field using a periosteal elevator. It is very im-
portant to visualize the level of the anterior fem-
oral cortex in order to evaluate the exact height 
of the prominence and determine the amount of 
required deepening, by removing with an oste-
otome the prominent bone superiorly to the tro-
chlear and up to the anterior femoral cortex (e.g. 
supratrochlear spur) (Figure 1c). 
Once the trochlea is fully exposed, the native tro-
chlear groove, medial and lateral facets are 
marked with 3 lines starting point from the inter-
condylar notch. The new trochlear groove is 
marked in a more lateral position according to 
the pre-operative TT-TG value (e.g. “proximal re-
alignment” in order to get a post-operative value 
of 10-15 mm) (Figure 1d). 
With the use of a burr with a 5 mm offset, under-
mining the cancellous bone posteriorly of the 
trochlear cartilage is performed (Figure 1e). 
The burr must reach down to the intercondylar 
notch, but with care not to damage the cartilage 
(Figure 1f). 
When sufficient cancellous bone has been re-
moved, the trochlea must be elastic when apply-
ing light pressure with the fingers. When the tro-
chlea is pressed down to the level where it is flush 
with the anterior femoral cortex (e.g. removal of 
the prominence) and moves backwards like a 
‘trampoline’ when we remove the pressure, suffi-
cient bone has been removed (Figure 1g). 
The trochlea is then osteotomized with a scalpel 
carefully over the position of the desired new 
groove (Figure 1h,i). 
At this point, if the trochlear facets are too rigid 
and it is difficult to suppress them, a further oste-
otomy over the medial and/or the lateral facet 
may be required. The trochlear facets are fixed 
with 2 absorbable anchor sutures from the inter-
condylar notch while applying pressure posteri-
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orly and evaluating that the prominence is re-
moved and they are flush with the anterior 
femoral cortex (Figure 1j). 
Lateral retinaculum release is performed after 
the trochleoplasty and it is mostly dependent on 
the ability of the examiner’s to evert the patella 
inwards (e.g. no lateral release is required) or not 
(e.g. lateral structures are tightened and lateral 
release is required). The joint capsule is then 
closed. MPFL reconstruction is performed last, 
with the surgeon’s preferred technique. No drain 
is used and the knee is put in an extension brace 
with no restriction in weight bearing. Prophylac-
tic anticoagulants are advised for 2-3 weeks.

REHABILITATION PROTOCOL

The standard post-operative rehabilitation proto-
col for trochleoplasty patients includes: immedi-
ate full weight bearing with the use of crutches in 
an extension knee brace for 15 days is allowed. 
Continuous passive motion between 0° and 100° 
is advised within the first 2-3 days as the pain 
and the swelling subside. The first 6 weeks, the 
patients are encouraged to perform exercises for 
early range of pain-free motion, and isometric 
quadriceps and hamstring strengthening. From 
6th to 12th post-operative week, the protocol also 
includes closed-chain and weight bearing propri-
oception exercises. 
After 12th post-operative week, patients start run-
ning and gradually training in their sport of prefer-
ence and are allowed to full sports activities after 
6 months. During this period (3-6 months post-op-
eratively) running can be initiated on a straight 
line alone. Closed kinetic chain muscular rein-
forcement between 0-60ο with minor loads, but 
long series is also allowed. Stretching of the ante-
rior and posterior muscular chains is continued as 
during the previous phases. The patient is encour-
aged to proceed with the rehabilitation on his or 
her own. After 6 months, sports on a recreational 
or competitive level can be resumed progressively.

DISCUSSION 

Trochleoplasty procedures are more and more 
widely performed as a primary and especially as 
a revision option in selected patients with recur-
rent patellar dislocation and underlying trochlear 

dysplasia. Trochlear dysplasia has been identified 
as the most recognized factor in patients with pa-
tellofemoral dislocation and present in 96 % of 
patients with patellar dislocation13. On the other 
hand, there are only a small number of surgeons 
who perform trochleoplasty for the treatment of 
patellar dislocation2, in comparison to tibial tu-
berosity osteotomy for re-alignment procedures 
or patella alta, or more recently MPFL recon-
struction. Therefore, there is a significant group 
of patients with patellofemoral instability in 

The combination of the procedure with soft-tissue sur-
gery, such as MPFL reconstruction, is necessary to 
achieve patellar stability. There is need for agreement 
on the choice of the right candidate for trochleoplasty, 
the surgical technique, the rehabilitation protocol, and 
the post-operative parameters that must be corrected. 
Sulcus-deepening trochleoplasty requires careful atten-
tion to detail.

whom the key aetiological factor of instability, 
the trochlear dysplasia, is under-estimated or not 
addressed.
However, in the last years, a number of publica-
tions have presented results from over three 
hundreds patients treated with different tech-
niques of trochleoplasty2,6-10,22-36. Despite the dif-
ferent surgical rationale behind each technique, 
all these authors present extremely successful re-
sults in terms of recurrence of dislocation. Resid-
ual pain or stiffness may complicate surgery but 
patellar re-dislocation is extremely rare among 
these results. Trochleoplasty is surely not a first 
option for any patient with patellar dislocation, 
but should be tried in patients with high-grade 
trochlear dysplasia, in whom the patella cannot 
override the severe trochlear bony prominence 
during early flexion. 
The mid- and long-term results of the sulcus-
deepening trochleoplasty are encouraging. Ntagi-
opoulos et al. have shown improved radiological 
parameters (significantly decreased sulcus angle 
TT-TG distance and lateral patellar tilt) in 27 pa-
tients with patellar dislocation and no previous 
PF surgery31. In the same study of the Lyon group, 
no recurrence was observed, and there was no 
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case of stiffness, even though the apprehension 
sign remained positive in 19.3 % of the cases31. 
Most important, there was no radiographic evi-
dence of PF arthritis. The results of trochleo-
plasty are equally encouraging for the population 
that needs revision PF surgery due to unsuccess-
ful previous operations. In 2012, Dejour et al. 
presented the results after trochleoplasty in 24 
knees with previous surgery and recurrence of 
patellar dislocation25. The authors recorded no 
patellar re-dislocation up to the last follow-up, 
while the knee pain decreased in 72 % and the 
apprehension sign was negative in 75 % of the 
cases (p < 0.01). The sulcus angle, TT-TG distance 
and lateral patellar tilt also decreased significant-
ly. In this patient group of young age there was 
no case of patellofemoral arthritis at the time of 
the last follow-up25. Other authors also present 
different results in terms of post-operative func-
tional scores, the presence of post-operative ap-
prehension sign, or crepitus, but they all present 
almost 0 % of redislocation rate after trochleo-
plasty2,25,26,31,34,37-39. The possible damage of carti-
lage after trochleoplasty seems to be minimal 
but is also difficult to evaluate in these patients, 
in whom it is well-established that the recurrent 
patellar dislocation – if left untreated – will even-
tually lead to PF osteoarthritis40. 
The goal of sulcus-deepening trochleoplasty is to 
re-shape the abnormal trochlear shape, but the 
instability of the patella is also caused by the 
presence of co-existent anatomic factors that 
must be addressed (e.g. tuberosity osteotomy for 
patella alta or increased TT-TG distance), and its 
treatment almost always requires a combined 
soft-tissue procedure like MPFL reconstruc-
tion11,12,41. This is because patellar stability during 
early flexion is accomplished by MPFL, which is 
tight in full knee extension and acts as a dynamic 
stabilizer during early flexion (15o-20o), brings the 
patella into the trochlear grove, which is neces-
sary for the normal further tracking of the patel-
la, and in greater degrees of flexion (> 30°) is 
loose and the normal concave trochlear geome-
try acts as a static stabilizer13,18,42,43. MPFL rupture 
is the consequence of pathologic lateral patellar 
translation, while the actual causes are the un-
derlying bony abnormalities like trochlear dyspla-

sia and patella alta13,41 and, most importantly, a 
normal trochlea with a deep groove and an ele-
vated lateral facet is necessary for MPFL to pro-
vide stability41,44. This is the reason why, although 
MPFL has a fundamental role in patellar stability, 
isolated MPFL reconstruction should not be con-
sidered a panacea for patellar dislocation, with-
out excluding the presence of other factors con-
tributing to instability41 that need associated 
correction2,8,10-12,18,28,30,34,35. 
In the case of a convex trochlea, there is a cen-
trally located sulcus prominence that the patella 
needs to override during flexion and which leads 
to patella dislocation off the lateral facet45,46. This 
prominence is present in type B and D trochlear 
dysplasia, where the central groove is elevated. 
In this scenario of underlying high-grade troch-
lear dysplasia, if patellar dislocation is ap-
proached with no regard to dysplasia and the el-
evated groove, and is addressed by medial 
soft-tissues augmentation alone, the patella will 
obtain firm medially stabilizing structures and a 
medial tilt, but the elevated and abnormal troch-
lear groove will still be present. This could lead to 
undesirable impingement between the patella 
and the trochlear prominence and the subse-
quent increased contact pressures and graft loos-
ening, effects similar to overmedializing the pa-
tella after MPFL reconstruction16,47 or to the 
pattern of MPFL rupture recorded in patients 
with trochlear dysplasia48. 
If patellar dislocation is approached with no re-
gard to dysplasia and the elevated groove, and is 
addressed by medial soft-tissues augmentation 
alone, the patella will be positioned medially in 
front of an untreated elevated groove that would 
lead to impingement between the patella and 
the trochlear (Figure 2).
In a different scenario, the isolated correction of 
patella alta and the under-estimation of a con-
comitant high-grade trochlear dysplasia would 
have similar inefficient results to treat patellar 
dislocation; a distalization osteotomy of the tu-
berosity would normalize patellar height, but 
would only lower the patella in front of an abnor-
mally shaped trochlear groove, if trochlear dys-
plasia were not corrected. The absence of a deep 
trochlear groove would not provide to the patella 
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the required lateral stability from further lateral 
dislocation. 
In the clinical setting, other authors report success 
rates from 90 % to 100 % after trochleoplasty pro-
cedures8,10,28,34-36. After trochleoplasty, recurrence 
of dislocation is highly uncommon and patient sat-
isfaction is high18. The results of trochleoplasty as 
a revision option in selected patients who had pre-
vious failed surgery for patellofemoral instability 
have been recently recorded25. 

CONCLUSION

In conclusion, trochleoplasty is an important sur-
gical option both as a primary and as a revision 
option in the case of previously operated pa-
tients with persistent patellar dislocation and un-
diagnosed or underestimated trochlear dyspla-
sia. The combination of the procedure with 
soft-tissue surgery, such as MPFL reconstruction, 
is necessary to achieve patellar stability. There is 
need for agreement on the choice of the right 
candidate for trochleoplasty, the surgical tech-
nique, the rehabilitation protocol, and the post-
operative parameters that must be corrected. 
Sulcus-deepening trochleoplasty requires careful 
attention to detail. It is a technically-demanding 
procedure that addresses a rare condition with 
satisfactory results and acceptable level of com-

plications, and is more suitable for severe cases 
of type B and D of dysplasia, where the presence 
of trochlear prominence is amenable to correc-
tion with this technique.

Conflicts of interest statement: The authors report no 
conflicts of interest. 
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