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History

Patellar dislocation has a prevalence of approximately 5.8
per 100,000 patients. The prevalence rises substantially to
29 per 100,000 in the 10- to 17-year-old population [14].
Multiple studies have reported that trochlear dysplasia may
be present in patients with patellar instability (Fig. 1) [13, 14,
18]. Trochlear dysplasia is defined as a flattened femoral
groove that provides inadequate bony stability for lateral
patella translation. This lack of inherent osseous stability
leads to repetitive overload of the medial patellofemoral
ligament, further contributing to patellar instability [6].

Malghem and Maldague [18] were radiologists who
initially identified trochlear dysplasia by measuring the
depth of the trochlear sulcus on lateral radiographs. In his
seminal work on trochlear dysplasia, Henri Dejour et al.
[12] identified the crossing sign on lateral radiographs as a
radiographic marker of trochlear dysplasia. The crossing
sign is the radiographic representation of the deepest point

of the trochlear sulcus crossing the anterior border of the
femoral condyles. The authors classified trochlear dysplasia
into Types I to III based on the level at which the crossing
sign was observed on lateral radiographs, with a more distal
crossing sign representing a shorter length of the trochlear
grove and therefore a more severe dysplasia. Later, Henri
Dejour et al. [13] used radiographs and CT scans to modify
his initial classification by removing the trochlear length
from the classification and adding the presence of a supra-
trochlear spur. In 1998 David DeJour et al. [11] further
modified the classification into a four-type system (Types A
to D) that combined the true lateral knee radiograph with an
axial CT scan. Although initially described on a CT scan, in
current practice, it is classified based on either CT or MRI
scan. [1, 10, 11]. The current four-type Dejour classification
is based on the presence of supratrochlear spurs, double
contours, and the crossing sign on lateral radiographs (Fig.
2A-B) combined with different trochlear morphologies as
seen on axial images (Fig. 3A-C).

Other objective measurements have also been used to
describe trochlear dysplasia including the tibial trochlear-
trochlear groove distance, trochlear depth index, trochlear
sulcus volume, trochlear length, medial condylar trochlear
offset, lateral trochlear inclination, lateral condyle index,
and patellotrochlear index [3-5, 9, 21, 23, 26]. There are
other approaches for assessing patellar instability, but with
respect to classifications of trochlear dysplasia, the Dejour
classification may be the most widely used system. How-
ever, from the best evidence currently available, we believe
this classification lacks utility in clinical practice and in the
research setting due to unsatisfactory grading of the degree
of dysplasia, lack of reproducibility and reliability, and its
inability to guide treatment [17, 22, 24, 25].

Purpose

Classification systems are most valuable when they are
reproducible and helpful in guiding clinical management.
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Patellar instability can be caused by multiple different an-
atomic factors, including trochlear dysplasia, patella alta,
patellar tilt, rotational deformities, and increased tibial
trochlear-trochlear groove distances [6, 13]. Dejour et al.
[13] found that among patients with a history of patello-
femoral dislocation, 85% had radiographically observed
trochlear dysplasia. The crossing sign was identified in
96% of patients with trochlear dysplasia comparedwith 3%
of controls. The four-type Dejour classification system was
originally devised to help identify and categorize trochlear
dysplasia and potentially determine treatment options;

however, we believe it does not accurately or consistently
grade the severity of trochlear dysplasia [13]. Moreover, by
itself, the Dejour classification may not be helpful in pre-
operative planning and counseling.

There is some inconsistency in the literature regarding
which Dejour types should be considered severe dysplasia.
Some authors have simplified the four-type Dejour classi-
fication into two grades (low and high grade) for evaluation
of trochlear dysplasia. Some authors believe that medial
patellofemoral ligament reconstruction alone may improve
clinical and functional outcomes in moderate dysplasia

Fig. 1 Clinical photographs of a patient with patellar dislocation on exam.

Fig. 2 A-B (A) Lateral knee radiographwith radiographic signs of trochlear dysplasia without
labels. (B) Lateral knee radiograph with radiographic signs of trochlear dysplasia with labels:
the blue line is the “Crossing sign,” representing the deepest point of the trochlear sulcus
crossing the anterior border of the femoral condyles, the red line is a “Supratrochlear spur”,
the prominence of the trochlea on the anterior aspect of the femoral cortex, and the green
line is the “Double contour” line, the hypoplastic medial facet posterior to the lateral facet.
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while reserving a combined medial patellofemoral liga-
ment with trochleoplasty for severe dysplasia [27]. Others
have reported that as an isolated procedure, trochleoplasty
should be all that is necessary in the presence of any grade
of trochlear dysplasia [7]. Still others have reported that
trochleoplasty, as a stand-alone procedure, is effective in
knees with substantial features of high-grade trochlear
dysplasia [8]. Fucentese et al. [15], using a modified clas-
sification combining patients with Dejour B and D as high-
grade and A and C as low-grade trochlear dysplasia,
evaluated the clinical outcomes at a mean follow-up of 4
years for 44 knees in 38 patients who underwent troch-
leoplasty for patellar instability. The authors found that
patients with Dejour Types B and D dysplasia, in which a
supratrochlear spur is present, had better outcomes with
lower subjective knee pain and pain during sporting ac-
tivities than patients with Dejour Type A or C dysplasia, in
which a supratrochlear spur is not present.

Description

The Dejour classification of trochlear dysplasia is assessed
using lateral knee radiographs as well as axial CT or MRI
imaging to evaluate abnormal trochlear morphology. The
classification is based on the presence of the crossing
sign, a supratrochlear spur, and double contour sign on
lateral radiographs [11, 13]. A crossing sign, believed to be
pathognomonic for trochlear dysplasia, is described as
the radiographic representation of the deepest point on the
trochlear sulcus that crosses the anterior border of the
femoral condyles. This reflects a deficient proximal
trochlea with a reduced relative height of the lateral

trochlear wall [12]. A supratrochlear spur is a prominence
of the trochlea above the anterior femoral cortex and is
measured by the distance between a line tangential to the
anterior femoral cortex and a line parallel to it through
the trochlear groove. A spur larger than > 3 mm is be-
lieved to exemplify high-grade dysplasia. This indicates
an elevation of the trochlear floor with loss of relative
lateral trochlear height and increased susceptibility to
patellar instability [2]. A double contour is present when
the medial facet is hypoplastic and can be visualized
posterior to the lateral facet. The classification further
differentiates dysplasia based on axial CT or MRI im-
aging. On axial images, the trochlea may be seen as
shallow but concave and flattened, having lateral facet
convexity and medial facet hypoplasia, and a “cliff”
(clearly asymmetric facets with a vertical inclination
between the facets) in Dejour Types A to D, respectively
(Fig. 4). A sulcus angle can also be measured from the
highest point on the condyles to the lowest point of the
intercondylar groove, with an average measurement of
137° 6 8° in healthy individuals [13]. Although not a
part of the Dejour classification, a sulcus angle measur-
ing more than 145° in a Merchant view knee radiograph
with the knee in 45° knee flexion and the beam at 30°
inclination caudal down the patellar femoral joint is
characteristic of trochlear dysplasia (Fig. 5) [13, 19].

The Dejour classification system is divided into Types
A, B, C, and D dysplasia using specific radiographic
parameters (Table 1). In type A dysplasia (Fig. 4A), there
is a crossing sign on the lateral radiographs and the
trochlear groove is symmetric but shallower than normal,
with a sulcus angle greater than 145° on axial images. In
type B (Fig. 4B), there is a crossing sign as well as a

Fig. 3 A-C These images demonstrate trochlear dysplasia consistent with Dejour B trochlear dysplasia. (A) In this lateral knee
radiograph, the asterisk (*) identifies the “Supratrochlear spur” and the arrow points to she “Crossing sign.” (B) This axial MRI shows
a flattened trochlear groove. (C) This is an arthroscopic view of a flattened trochlea.
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supratrochlear spur on lateral radiographs, with a flat
trochlea on axial images. In Type C (Fig. 4C), there is a
crossing sign and double contour on lateral radiographs,
with lateral facet convexity and medial facet hypoplasia on
axial images. In Type D (Fig. 4D), there is a crossing sign,
supratrochlear spur, and double contour on lateral radio-
graphs, and a “cliff” on axial images because of asymmetry
of the lateral and medial femoral trochlear facets.

Validation

Three studies have evaluated the reliability of the Dejour
classification. Current evidence suggests that the four-type
Dejour classification has substantial intra- and in-
terobserver variability, and therefore offers little value in
day-to-day clinical assessment of grading and classifying
trochlear dysplasia and for communication in research. The

Fig. 4 A-D Illustrations of the Dejour classification on axial and lateral projection depicted as: (A) Dejour A, (B) Dejour B, (C) Dejour C,
and (D) Dejour D.

Fig. 5 A-B A sulcus angle is drawn on aMerchant view of the knee from the highest points of
the medial and lateral condyle to the lowest point of the intercondylar notch. (A) This figure
shows normal trochlear sulcus measurement (138° 6 6°). (B) In this image, a sulcus angle >
145° is indicative of trochlear dysplasia.
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classification by itself does not reliably grade trochlear
dysplasia unless it is simplified to a two-grade classifica-
tion, that is, low-grade versus high-grade, and therefore
does not provide any guidelines for treatment. Moreover,
there is no agreement as to which Dejour types should be
classified as low- and high-grade dysplasia. Remy et al.
[22] reported on the validity of the original Dejour classi-
fication, with seven observers evaluating 68 lateral knee
radiographs. They found poor intraobserver and in-
terobserver reliability, with kappa correlation coefficients
of 0.3 and 0.17, respectively. That study did find that the
crossing sign was a good indicator of trochlear dysplasia,
with only 3.1% of dysplastic trochleas being rated as nor-
mal. Various authors have found that the reliability of the
Dejour classification may be potentially improved if the
trochlear morphology is grouped into low-grade (Dejour
Type A) or high-grade dysplasia (Dejour Types B, C, and
D). In a study of 50 knees, Lippacher et al. [17] reported on
the intra- and interobserver reliability of the Dejour clas-
sification, with four surgeons first evaluating lateral
radiographs and then independently evaluating axial MRIs
at two time points 4 weeks apart. For the lateral radio-
graphs, the four classification types had intraobserver
reliabilities ranging from 30% to 78% and on axial MRI
ranging between 32% and 74%. The interobserver re-
liability on lateral radiographs ranged from 24% to 58%
and on axial MRI ranged from 28% to 60%. When using a
two-grade simplified grouping with Type A as low-grade
and Types B, C, and D as high-grade dysplasia, the authors
demonstrated improved the intra- and interobserver re-
liability. With this grouping, the intra- and interobserver
reliability on lateral radiographs ranged from 56% to 88%
and 60% to 76% respectively. On axial MRI, the intra- and
interobserver reliability ranged from 70% to 90% and 62%
to 96%, respectively. However, it must be noted that this
grouping was not described for the grading of trochlear
dysplasia in the original Dejour classification and poten-
tially gives up some utility by pooling dissimilar entities.
Nevertheless, the reliability of this simplified classification
is still moderate to low in this study. More recently, Tscholl

et al. [25] evaluated the agreement between lateral radio-
graphs and axial MRI in analyzing Dejour’s classification
of trochlear dysplasia in 228 knees with recurrent patellar
dislocations. The authors demonstrated that the overall
agreement of the four-type Dejour classification scheme
was just 45%when trochlear dysplasia was measured at the
mid-patellar height approximately 3.86 0.6 cm above the
joint line, but increased to 82% when patients were grou-
ped into low-grade (Dejour Types A and C) and high-grade
dysplasia (Dejour Types B and D) [25].

In a study of 38 skeletally immature patients undergoing
surgery for patellar instability, Stepanovich et al. [24],
compared the Dejour classification and themedial condylar
trochlear offset, trochlear depth index, and lateral trochlear
inclination to assess their reliability and correlation with
patellar instability. The authors found that the four Dejour
types as seen on MRI had low interobserver (kappa =
0.687) and intraobserver reliability (kappa = 0.596). Other
measurements used in this study [24], including the medial
condylar trochlear offset (kappa = 0.86 and 0.95), trochlear
depth index (kappa = 0.93 and 0.98), and lateral trochlear
inclination (kappa = 0.94 and 0.93), showed higher inter
and intraobserver reliability, respectively. Although the
Dejour classification is widely known, these alternative
measurements of trochlear morphometry may be more re-
liable and reproducible than the Dejour types in describing
trochlear dysplasia. Data from the studies currently avail-
able suggest that the Dejour classification is unreliable and
should not be used routinely in clinical practice, as better
alternatives are available. Nevertheless, further validation
studies are needed to better evaluate the best alternative
measurements to use to grade trochlear dysplasia.

The Dejour classification is a well-known classification
system of trochlear dysplasia evaluating the risk of patellar
instability. However, many other methods have been de-
scribed for evaluating trochlear dysplasia and patellar in-
stability [4, 6, 9, 20, 21]. MRI can be used to evaluate
several different anatomic structures, including the medial
patellofemoral ligament, and measurements can be made
for evaluating trochlear morphology. Carrillon et al. [9]

Table 1. Imaging findings characteristic of different trochlear dysplasia types based on the Dejour classification

Dejour type Lateral radiograph Axial image

Type A Crossing sign Shallow trochlea or symmetric concave
trochlea

Type B Crossing sign and supratrochlear spur Flat or convex trochlea

Type C Crossing sign and double contour Asymmetry of the trochlear facets;
lateral facet convex with hypoplastic
medial facet

Type D Crossing sign, supratrochlear spur, and
double contour

Asymmetry of the trochlear facets;
vertical slope demonstrating a “cliff”
pattern
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describe the lateral trochlear inclination, measured by
drawing a line parallel to the posterior femoral condyle and
another line parallel to the articular surface of the lateral
trochlear facet; the angle thus formed was found to be 93%
sensitive and 87% specific for identifying patellar in-
stability using a cutoff of 11°. However, currently there are
no studies evaluating the intra- and interobserver reliability
for these trochlear morphometric measurements. The
trochlear depth index is measured using a modification of
the technique previously described by Pfirrmann et al. [21].
A line is initially drawn parallel to the posterior condyle
that intersects at the lowest point of the trochlea. Using this
line, the maximum perpendicular height of the medial and
lateral trochlear facets is measured. The trochlear depth
index is finally calculated as the average of the medial and
lateral trochlear facet heights. One radiographic study
found that a trochlear depth cut off of less than 3 mm was
100% sensitive and 96% specific in adults and 81% sen-
sitive and 89% specific in a pediatric population for the
diagnosis of trochlear dysplasia [21]. Biedert et al. [3, 4]
described two additional measurements of trochlear mor-
phology, the lateral condyle index and patellotrochlear
index, which are measured on a lateral cut of a sagittal MRI
with the knee in 0° flexion. Alternative methods for eval-
uating trochlear morphology for dysplasia have thus been
described, but have not undergone substantial validation
studies.

Limitations

The Dejour classification has several limitations. The most
important limitation of this classification is that the re-
liability and reproducibility is too low for routine use in
research and clinical practice. The classification system is
based on true lateral radiographs with knees in 30° of
flexion with superimposition of the femoral condyles and
an axial CT orMRI. As a result, the findings are sensitive to
the quality of lateral radiographs. Even 5° of rotation of the
distal femur can cause a false-positive or false-negative
result in identifying the crossing sign, which is an in-
dication of trochlear dysplasia [16]. The classification also
does not provide any measurements of trochlear length or
depth of the trochlear groove, diminishing its utility in
describing all types of trochleas. It also does not provide
any cumulative grading of trochlea dysplasia, and thus
does not offer firm guidelines regarding surgical manage-
ment. As in adults, the Dejour classification has also been
reported to have limited reliability in children with troch-
lear dysplasia [24].

In a recent study, Nelitz et al. [20] found that the four-
type Dejour classification could not be accurately defined
using quantitative measurements of trochlear geometry.
They found that various quantitative measurements of

trochlear dysplasia such as medial, central, and lateral
trochlear height, patellar lateralization, and condylar
asymmetry were variably distributed among Dejour Types
A to D. When the authors grouped patients with Dejour
Types B, C, and D as having high-grade dysplasia and
Dejour Type A patients as low-grade dysplasia, they
demonstrated that sensitivity ranged from 75% to 86% and
specificity from 76% to 84% for lateral trochlear in-
clination, trochlear facet asymmetry and depth of trochlear
groove in defining low- and high-grade dysplasia. All
remaining measurements had poor sensitivity varying from
49% to 67% and poor specificity ranging from 40% to 72%.
The authors found that the intra- and interobserver re-
liability for all measured parameters were fair to moderate
for high-grade dysplasia (intraclass correlation coefficient
[ICC] values varied between 0.34 and 0.58) and good to
excellent for low-grade dysplasia [ICC values varied be-
tween 0.71 and 0.88]), which further exemplified that the
Dejour classification scheme is unreliable for objective
assessment of trochlear dysplasia.

Conclusion

The Dejour classification describes trochlear morphology
based on lateral radiographs and axial CT or MRI images.
However, its poor reliability, reproducibility, and lack of
objective grading regarding the severity of trochlear dys-
plasia as a treatment guide implies that it has limited value.
Furthermore, it could potentially be misleading if used in
the clinical and research setting. The usefulness of the
Dejour classification may be enhanced with the use of
advanced imaging modalities such as MRI, both for
quantitative grading and improving its clinical relevance.
There is a need for studies evaluating various indices de-
scribing trochlear morphometry to define the severity of
trochlear dysplasia and aid in treatment decisions.
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