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26.1 � Introduction

The femoral trochlea is important for controlling the 
patellofemoral gliding mechanism [4,19]. The normal 
articular shape of the trochlea and patella allow for 
undisturbed patellar tracking. The normal cartilagi-
nous surface of the trochlea consists of the lateral and 
medial facets of the femoral sulcus and is defined by 
different criteria in the proximal-distal, medio-lateral, 
and antero-posterior direction [9, 10, 27]. The normal 
trochlea deepens from proximal to distal [9, 27]. In 
the proximal-distal direction, it is longest laterally 
and shortest on the medial side (Fig. 26.1). The deep-
ened trochlear groove separates the lateral facet from 
the medial part. In the antero-posterior measurements, 
the most anterior aspect of the lateral condyle is nor-
mally higher than the medial condyle and the deepest 
point is represented by the center of the trochlear 
groove [10].

Trochlear dysplasia is an abnormality of shape and 
depth of the trochlear groove, mainly in its proximal 
extent [17,28]. It represents an important pathologic 
articular morphology that is a strong risk factor for 
permanent patellar instability [3, 4, 9, 12–15, 17, 18, 22, 
23, 25, 29, 30]. Dejour et  al. [15] described several 
types of trochlear dysplasia with increasing severity. 
The trochlear depth may be decreased, the trochlea 
may be flat, or a trochlear bump is present. According 
to this, different classifications are described in the lit-
erature [12, 16].

Additionally we have noticed that there exists a wide 
spread variability of combinations of trochlear dysplasia 
[9]. Seen from this angle we documented a different and 
unknown type of trochlear dysplasia, which to our pres-
ent knowledge not described before: the too short lateral 
articular trochlea (Fig. 26.2) [5, 6]. We believe that this 
short lateral trochlea is another relevant factor for lateral 
patellar instability. Accordingly, surgical treatment should 
aim to correct this specific type of dysplastic trochlea.
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Fig. 26.1  Normal shape and length of the lateral articular tro-
chlea (anterior view, left knee, patient with degenerative joint 
disease)
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26.2 � Physical Examination

The patients with a too short lateral trochlea facet suffer 
from patellar instability. The patella is well centred in 

the trochlea under relaxed conditions. But when the 
patient contracts the quadriceps muscle with the leg in 
extension, the patella is pulled to proximal out of the 
short trochlea because it is not sufficiently guided and 
stabilized by the too short lateral facet of the trochlea. 
In most cases, the contraction also causes subluxation 
to the lateral side (Fig. 26.3a and b). We call this abnor-
mal gliding mechanism dynamic supero-lateral patel-
lar subluxation. This clinical finding is often only mild, 
but significant. In severe cases, this can also cause com-
plete dynamic lateral patellar dislocation. In contrast to 
the lateral pull sign described by Kolowich et al. [21], 
this type of patellofemoral instability is primarily due 
not to soft tissue abnormalities (atrophy of the vastus 
medialis obliquus and hypertrophy of the vastus latera-
lis and lateral structures), but caused by a pathologic 
proximal patellar tracking due to the missing osteo-
chondral opposing force of the lateral trochlea facet. 
This type of patella instability can also be depicted by 
manual examination in complete extension of the knee. 
Only minimal manual pressure laterally causes sublux-
ation and discomfort to the patient. In most cases the 
patient feels pain and tries to resist this manoeuvre. 
This test in full extension must be differentiated from 
the patellar apprehension test which is performed in 
20°–30° of knee flexion [4, 24]. With increasing knee 
flexion, the patella enters into the more distal and nor-
mal part of the trochlear groove and becomes more and 
more stable. This confirms the clinical suspicion of 
proximal patellar instability to the lateral side.

Fig.  26.2  Too short lateral articular trochlea (end marked by 
arrow) compared to the medial facet and the normal trochlea 
groove and shape (anterior view, left knee, patient with degen-
erative joint disease)

a b

Fig. 26.3  (a) Well-centred 
patella without muscle 
contraction. (b) Dynamic 
supero-lateral patellar 
subluxation caused by 
quadriceps contraction
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26.3 � Imaging

26.3.1 � Radiographs

The radiologic examination of patients with a too short 
lateral facet of the trochlea do not normally show the 
typical findings of trochlear dysplasia in the true lat-
eral view such as the crossing sign, supratrochlear 
spur, double contour [12, 14, 15, 17] or lateral trochlear 
sign [20]. Radiographs can only show signs of dyspla-
sia in combined trochlear abnormalities. The different 
indices used for patellar height measurements are 
normal.

26.3.2 � MR Measurements

MR images allow complete and precise visualization 
of the patellofemoral joint by clearly delineating the 
proximal portion of the trochlea and for assessing fem-
oral trochlear dysplasia [12, 26]. MR imaging is there-
fore the best modality to assess the proximal part of the 
trochlea in patients with suspected too short lateral 
facet of the trochlea.

MR measurements are performed with the knee in 
0° of flexion, the foot in 15° external rotation, and the 
quadriceps muscle consciously relaxed. Measurements 
on sagittal images include different parameters 
(Fig. 26.4) [5, 6, 11]. The parameters are measured on 
the most lateral section of the lateral condyle with vis-
ible articular cartilage in the trochlea (Fig. 26.5). The 
length of the anterior articular cartilage of the lateral 
trochlea (a) is calculated using as a reference the 
length of the posterior articular cartilage of the lateral 
condyle (p). For each individual subject p is always 
considered to be 100%. The variable length of a is 
calculated in percentages with regard to p. The lateral 
condyle index compares the length a with the length p 
and is expressed in percentages.

The values of the lateral condyle index found in a 
normal control population without any patellofemo-
ral complaints were on average 93% [11]. Therefore 
we consider an anterior length of the lateral articular 
facet of the trochlea with index values of 93% or 
more of the length of the posterior articular cartilage 
as normal (Fig. 26.5). Lateral condyle index values of 
84% (on average) were found in patients with chronic 

lateral patellar subluxation and instability document-
ing a too short lateral articular facet of the trochlea 
(Fig. 26.6). Index values of less than 93% must there-
fore be considered as pathologic and values of 86% 
or less confirm the presence of a too short lateral 
facet. Index values between 86% and 93% need addi-
tional assessment such as the patellotrochlear index 
or radiologic patellar height measurements (Insall-
Salvati, Blackburne-Peel,Caton-Dechamps ratios) to 
document or exclude Patella Alta [7]. In cases with 
normal patellar height measurements, lengthening of 
the anterior lateral articular facet of the trochlea is 
recommended. In cases with Patella Alta, other surgi-
cal interventions, such as distalization of the tibial 
tubercle or shortening of the patellar tendon, may be 
needed.
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Fig. 26.4  MR measurements (31). 
C1 Proximal circle in the femoral shaft.
C2 Distal circle in the femoral shaft.
Ca Central axis.
d Baseline distal condyle (perpendicular to Ca).
1 Superior most aspect of anterior cartilage of the lateral condyle.
2 Superior most aspect of posterior cartilage of the lateral 
condyle.
a Length of the anterior articular cartilage of the lateral condyle 
(red line).
p Length of the posterior articular cartilage of the lateral 
condyle (blue line)
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26.4 � Surgery

Surgical techniques have been developed to correct the 
pathologic morphology, though they differ in the site 
of surgical correction [1–3, 13–15, 17, 22, 25, 29, 30]. 
The therapeutic procedure which aims at correcting the 
abnormalities is selected according to the documented 
type of trochlear dysplasia [9,17]. Elevation of the lat-
eral trochlea facet of a flat dysplastic trochlea, lower-
ing the floor of the sulcus, and removing a prominent 
trochlear bump are described in numerous variations as 
reasonable well known surgical procedures to treat 
patellar instability [1, 3, 4, 9, 12–15, 17, 23, 29, 30].

26.4.1 � Lengthening

Lengthening of the lateral facet is another, mostly 
unknown technique of trochleoplasty. It is indicated 
when a too short lateral trochlea is documented (clini-
cally and with MRI) and the patient remains symptom-
atic after conservative therapy. A clear indication is 
given when the lateral condyle index is 86% or less. 
Lengthening is designed to create a longer proximal 
part of the lateral trochlear sulcus to improve the con-
tact within the patellofemoral joint and to optimize the 
patellofemoral gliding mechanism. A longer lateral tro-
chlea facet is the feature that must “capture” the patella 
in extension before the knee starts to flex, to ensure that 
it is guided into the more distal trochlear groove. 
Normally, the contact between the articular surface of 
the trochlea and the articular cartilage behind the patella 
is about one third of the length of the patellar cartilage 
(measured using the patellotrochlear index) [7]. This 
value is very helpful both in planning (using MRI) and 
during surgery to determine how much lengthening to 
the proximal should be performed.

Through a short parapatellar lateral incision (maxi-
mum 5 cm), the superficial retinaculum is localized. 
About 1 cm from the border of the patella it is longitudi-
nally incised and carefully separated from the oblique 
part of the retinaculum in the posterior direction to allow 
lengthening of the lateral retinaculum at the end of sur-
gery if needed [4]. The oblique part is cut, together with 
the synovial membrane. The patellofemoral joint is 
opened and the intraarticular inspection possible. Other 
pathologies can be identified and treated if necessary. 

Fig. 26.6  MR measurement with too short anterior articular car-
tilage of the lateral facet of the trochlea (same patient as 
Figs. 26.9, 26.10, and 26.11)

Fig. 26.5  MR measurement with normal length of the anterior 
articular cartilage of the lateral facet of the trochlea
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The proximal shape of the lateral facet of the trochlea 
and the length of the articular cartilage are assessed with 
regards to the length of the sulcus and the medial facet of 
the trochlea (Fig. 26.7). The presence of a too short lat-
eral articular facet is reconfirmed. In such a case, the 
patellotrochlear overlap is less than one third. The over-
lap present allows one to determine the amount of length-
ening of the lateral facet and should be about one third at 
the end, measured in extension (0° of flexion) [4,7]. The 
incomplete lateral osteotomy is made at least 5 mm from 
the cartilage of the sulcus to prevent necrosis of the tro-
chlea or breaking of the lateral facet. The osteotomy 
starts at the end of the cartilage (arrow) and is continued 

approximately 1–1.5cm distal into the femoral condyle 
and proximal into the femoral shaft, always according to 
the aimed patellofemoral overlapping (Fig. 26.10). The 
osteotomy is opened carefully with the use of a chisel. 
Fracture of the distal cartilage may occur and has no con-
sequences; sharp edges must be smoothed. Cancellous 
bone (obtained through a small cortical opening of the 
lateral condyle more posterior) is inserted and impacted 
(Fig. 26.8). Additional fixation is possible using resorb-
able sutures. To finish, the lateral retinaculum is recon-
structed in about 60° of knee flexion.

26.4.2 � Elevation

Combined pathologies with a too short, but also a flat 
lateral facet of the trochlea can occur (Fig. 26.9). The 
surgical steps consist then of a lengthening osteotomy 
with additional elevation of the lateral facet. The 
approach is the same. The osteotomy is opened carefully 
and the lateral facet lifted up to the desired height 
(Fig.  26.10). The amount of elevation depends on the 
present pathomorphology. The lateral facet of the sulcus 
should be higher than the medial facet (Fig. 26.11). The 
anterior cortex of the femoral shaft serves as an orienta-
tion of the necessary elevation. In most cases 5–6 mm 
elevation are sufficient. Overcorrection (with hypercom-
pression) must be strictly avoided. It also has to be con-
sidered that in five out of six cases the lateral condyle is 
not too flat, but the floor of the trochlea too high (8, 10). 
This would be visible on preoperative axial MR images.

Fig. 26.7  Intraarticular inspection shows the too short articular 
cartilage of the lateral facet (arrow) with destruction caused by 
subluxation

Fig. 26.8  Completed lengthening osteotomy with inserted can-
cellous bone (arrow indicates former end of articular cartilage). 
The patellotrochlear overlap is increased now

Fig.  26.9  Too short and flat lateral articular trochlea (arrow) 
(same patient as Fig. 26.6)
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26.5 � Postoperative Care

Partial weight bearing (10–20kg) is recommended for 
3–4 weeks to avoid hypercompression of the osteot-
omy. Range of motion is limited (0°–90°) in the very 
beginning for some days to decrease swelling and 
pain. Continuous passive motion starts immediately to 
optimize the patellofemoral gliding mechanism and to 
form the reconstructed trochlea. Bicycling and swim-
ming are the first sport activities allowed after 2–3 
weeks. Sports activities without any restriction are 
permitted after 3 months.

26.6 � Conclusions

The described too short lateral articular facet of the tro-
chlea represents another type of trochlear dysplasia 
causing lateral patellar instability. Physical examination 
and MRI help to document this type of pathomorphol-
ogy. The lateral condyle index is the most reliable mea-
surement for the diagnosis. Index values 93% or more 
are normal, values of 86% or less pathologic and con-
firm the presence of a too short lateral facet. Surgical 
correction must address also in such cases the underly-
ing abnormality. Lengthening is the surgical treatment 
of choice to improve the patellotrochlear overlapping 
and with this the stability. In cases with additional flat 
lateral facet, moderate elevation of the lateral trochlea 
may be necessary.

References

  1.	Albee FH (1915) The bone graft wedge in the treatment of 
habitual dislocation of the patella. Med Rec 88:257–259

  2.	Arendt E (2005) Anatomy and malalignment of the patell-
ofemoral joint: its relation to patellofemoral arthrosis. Clin 
Orthop 436:71–75

  3.	Bereiter H, Gautier E (1994) Die Trochleaplastik als chirur-
gische Therapie der rezidivierenden Patellaluxation bei 
Trochleadysplasie des Femurs. Arthroskopie 7:281–286

  4.	Biedert RM (2004) Patellofemoral disorders: diagnosis and 
treatment. Wiley, New York

  5.	Biedert RM (2005) Measurements of the length of the proxi-
mal and distal trochlea and the trochlear depth on sagittal 
MRI in patients with lateral patellar subluxation. Proceedings 
of the International Patellofemoral Study Group meeting, 
Lausanne, Switzerland

  6.	Biedert RM (2006) Trochlea dysplasia: indications for tro-
chleoplasty (deepening) and raising/shortening/lengthening 
of flat/short lateral trochlea. Proceedings of the International 
Patellofemoral Study Group meeting, Boston, MA, USA

  7.	Biedert RM, Albrecht S (2006) The patellotrochlear index: a 
new index for assessing patellar height. Knee Surg Sports 
Traumatol Arthrosc 14:707–712

  8.	Biedert RM, Bachmann M (2008) Trochlea dysplasia: too much 
or not enough? Proceedings of the International Patellofemoral 
Study Group meeting, Stellenbosch, South Africa

  9.	Biedert RM (2008) Osteotomien. Der Orthopäde 37: 
872–883

10.	Biedert RM, Bachmann M (2009) Anterior-posterior tro-
chlear measurements of normal and dysplastic trochlea by 
axial magnetic resonance imaging. Knee Surg Sports 
Traumatol Arthrosc 17:1225–1230

11.	Biedert RM, Netzer P, Gal I, Sigg A, Tscholl Ph (2009) The 
lateral condyle index: a new index for assessing the length of 
the lateral articular trochlea. Knee Surg Sports Traumatol 
Arthrosc (submitted)

Fig.  26.10  Location and amount of the incomplete lateral 
osteotomy

Fig. 26.11  Intraoperative view after combined osteotomy with 
lengthening and raising. The reconstructed proximal trochlea 
represents normal shape and length. The osteotomy gap is filled 
with cancellous bone, the access to the lateral condyle to the take 
cancellous bone is closed



21526  Trochlear Lengthening Osteotomy with or Without Elevation of the Lateral Trochlear Facet

12.	Carrillon Y, Abidi H, Dejour D, Fantino O, Moyen B, Tran-
Minh VA (2000) Patellar instability: assessment on MR 
images by measuring the lateral trochlear inclination – ini-
tial experience. Radiology 216:582–585

13.	Dejour H, Walch G, Neyret P, Adeleine P (1990) Dysplasia 
of the femoral trochlea. Rev Chir Orthop Reparatrice Appar 
Mot 76:45–54

14.	Dejour H, Walch G, Nove-Josserand L, Guier Ch  
(1994) Factors of patellar instability: an anatomic radio-
graphic study. Knee Surg Sports Traumatol Arthrosc 2: 
19–26

15.	Dejour H, Walch G, Nove-Josserand L, Guier Ch (1994) 
Factors of patellar instability: an anatomoradiographic anal-
ysis. In: Feagin JA Jr (ed) The crucial ligaments. Diagnosis 
and treatment of ligament injuries about the knee. Churchill 
Livingstone, New York, pp 361–367

16.	Dejour D, Locatelli E (2001) Patellar instability in adults. 
Surg Tech Orthop Traumatol 55:1–6

17.	Dejour D, Le Coultre B (2007) Osteotomies in patellofemo-
ral instabilities. Sports Med Arthrosc Rev 15:39–46

18.	Donell ST, Joseph G, Hing CB, Marshall TJ (2006) Modified 
Dejour trochleoplasty for severe dysplasia: operative tech-
nique and early clinical results. Knee 13:266–273

19.	Feinstein WK, Noble PC, Kamaric E, Tullos HS (1996) 
Anatomic alignment of the patellar groove. Clin Orthop 331: 
64–73

20.	Grelsamer RP, Tedder JL (1992) The lateral trochlear sign: 
femoral trochlear dysplasia as seen on a lateral view roent-
genograph. Clin Othop 281:159–163

21.	Kolowich PA, Paulos LE, Rosenberg TD, Farnsworth S 
(1990) Lateral release of the patella: indications and con-
traindications. Am J Sports Med 18:359–365

22.	Malaghem J, Maldague B (1989) Depth insufficiency of the 
proximal trochlear groove on lateral radiographs of the knee: 
relation to patellar dislocation. Radiology 170: 507–510

23.	Masse Y (1978) Trochleoplasty: restoration of the intercon-
dylar groove in subluxations and dislocations of the patella. 
Rev Chir Orthop Reparatrice Appar Mot 64:3–17

24.	Percy EC, Strother RT (1985) Patellalgia. Physician 
Sportsmed 13:43–59

25.	Servien E, Neyret P, Si Selmi TA, Biedert RM (2004) 
Radiographs. In: Biedert RM (ed) Patellofemoral disorders: 
diagnosis and treatment. Wiley, New York, pp 87–100

26.	Tavernier T, Dejour D (2001) Knee imaging: what is the best 
modality? J Radiol 82(387–405):407–408

27.	Tecklenburg K, Dejour D, Hoser C, Fink C (2006) Bony and 
cartilaginous anatomy of the patellofemoral joint. Knee Surg 
Sports Traumatol Arthrosc 14:235–240

28.	Van Huyssteen AL, Hendrix MRG, Barnett AJ, Wakeley CJ, 
Eldrige JDJ (2006) Cartilage-bone mismatch in the dysplas-
tic trochlea. J Bone Joint Surg 88-B:688–691

29.	Verdonk R, Jansegers E, Stuyts B (2005) Trochleoplasty in 
dysplastic knee trochlea. Knee Surg Sports Traumatol 
Arthrosc 13:529–533

30.	Von Knoch E, Böhm T, Bürgi ML, Von Knoch M, Bereiter H 
(2006) Trochleoplasty for recurrent patellar dislocation in 
association with trochlear dysplasia. J Bone Joint Surg 
88B:1331–1335


	26: Trochlear Lengthening Osteotomy with or Without Elevation of the Lateral Trochlear Facet
	26.1
Introduction
	26.2
Physical Examination
	26.3
Imaging
	26.3.1
Radiographs
	26.3.2
MR Measurements

	26.4
Surgery
	26.4.1
Lengthening
	26.4.2
Elevation

	26.5
Postoperative Care
	26.6
Conclusions
	References




