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Abstract
Background:

Trochlear dysplasia (TD) is a common risk factor for the development of patellofemoral instability (PI).
Dejour’s classi�cation shows low agreement between conventional radiography and axial magnetic
resonance imaging. The present study aimed to evaluate and categorize the true lateral view of three-
dimensional (3D) femoral models in patients with TD.

Methods:

Computed tomography (CT) scans of 96 hip-knee-ankle joints (49 PI patients: 34 female, 15 male; mean
age 19.1±6.7 years, range 12–41 years) during 2017–2019 were collected and analyzed. A senior
orthopedic surgeon classi�ed the true lateral views of femoral 3D models and raw CT images. The
crossing-point site and lateral condyle/facet morphology (lateral condyle bump or supratrochlear spur)
were the main criteria.

Results:

TD cases were classi�ed into four types and their frequencies recorded: type 1 (7.3%) = crossing-point
site in the proximal trochlear area and no lateral condyle bump or supratrochlear spur; type 2 (19.8%) =
crossing-point site in the proximal trochlear area and presence of a lateral condyle bump or
supratrochlear spur; type 3 (13.5%) = crossing-point site in the distal trochlear area and no lateral condyle
bump or supratrochlear spur; type 4 (59.4%) = crossing-point site in the distal trochlear area and presence
of lateral condyle bump or supratrochlear spur.

Conclusion:

The presentation of TD varies greatly among PI patients and can be categorized into four types. This new
classi�cation, based on true lateral views of 3D femoral models, may provide relatively reliable guidance
when using trochleoplasty to treat TD.

Level of Evidence: II, development of diagnostic or monitoring criteria in consecutive patients.

Introduction
Trochlear dysplasia (TD) has been cited as a major predisposing factor for patellofemoral instability (PI),
and its classi�cation is used to select the appropriate surgical approach to treat it [1–7].In 1998, Dejour et
al. suggested a classi�cation for TD that is now mature and in widespread clinical application [8]. In all
versions of the Dejour classi�cation, however, true lateral conventional radiographs (TLCRs) of the knee
are essential to the imaging [9–13].

Dejour et al. classi�ed TD into four types based on TLCRs and CT images, as follows [9, 13].
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Type A: crossing sign (TLCR) + shallow trochlea (CT)

Type B: crossing sign (TLCR) + supratrochlear spur (TLCR) + �at trochlea (CT)

Type C: crossing sign (TLCR) + double contour (TLCR) + asymmetry of trochlear facets (TLCR)

Type D: crossing sign (TLCR) + double contour (TLCR) + supratrochlear spur (TLCR) + asymmetry of
trochlear facets (TLCR) + cliff pattern (CT)

Type A is de�ned as low-grade TD and types B, C, and D as high-grade TD [5]. It is noteworthy that, for
types A and B, there is no mention of the symmetry or asymmetry of the sides of the trochlear facets.
Hence, in 1994, Dejour de�ned type I as having two condylar outlines, with the outline of the trochlear
�oor (symmetrical) and the proximal area [10]. In 1998, Remy described TD as follows: TLCR type I (upper
area of the two condyles–trochlea crossing = symmetrical); type II (upper area of the lateral condyle–
trochlea crossing and lower area of the medial condyle–trochlea crossing = asymmetrical); type III (lower
area of the two condyles–trochlea crossing, with no mention of its symmetry) [12]. Remy also mentioned
two intermediate trochlear types: type A1 (trochlear groove line ends near the anterior border of the
condyles, no crossing) and type B2 (only the medial condyle–trochlea crossing, with no lateral condyle–
trochlea crossing). The de�nitions of types A1 and B2 did not include the relations of the two trochlear
facets (symmetry vs. asymmetry) [12]. In addition, these TD classi�cations do not provide an alternative
surgical suggestion for each type. The lack of consensus may be related to the de�nitions being based
on rotated conventional radiographs. Sander et al. reported that minimal rotation aberrations of 5° would
cause false-positive or false-negative radiographs [11].

Standard, strictly TLCRs were de�ned as having perfect superimposition of the condyles posteriorly [10,
14], although strictly TLCRs are di�cult to obtain. External rotation causes the crossing point to be in the
lower position of the femoral condyle, and internal rotation can change the trochlear shape [11]. The
double contour—a marked characteristic of Dejour’s classi�cation of types C and D—does not represent
the features of the trochlear facets and has been found in patients who were exposed to multiple doses
of unnecessary radiation.

Little research has focused on selecting a surgical method according to the type of TD. This study aimed
to evaluate the true lateral view of three-dimensional (3D) femoral models in patients with TD using
engineering software based on CT data. We hypothesize that classi�cation based on 3D models may
provide clinical surgeons and radiologists with the option of diagnosing trochlear dysplasia. Our results
may thus provide relatively reliable guidance for trochleoplasty to treat TD.

Methods
All patients provided written informed consent, and the study was approved by the ethics committee of
our hospital. Hip-knee-ankle CT (SOMATOM Sensation 16; Siemens Medical Solutions, Erlangen,
Germany) was used for retrospective analysis of 96 knees in 49 PI patients (ages 12–41 years; 34
female, 15 male) who underwent imaging at one institution during 2017–2019. Among the 49 patients,
the PI was bilateral in 47 and unilateral in 2. All patients had PI (objective PI, potential PI, or painful
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patellar syndrome) [9], and all were diagnosed by one senior orthopedic surgeon. None had a history of
knee surgery or patellofemoral arthritis. Table 1 shows data on the presence of femoral anteversion (FA)
and external tibial torsion (ETT) [15]; the sulcus angle (SA) and patellar tilt angle (PTA); and the
mediolateral width of the epicondyles (ML width), lateral anterior condyle height (LAC height), trochlear
groove anterior height (TGA height), and medial anterior condyle height (MAC height) [16].

Table 1 Patient Demographics (n = 96 Sides, 49 Patients)

Age, y, mean±SD 19.1±6.7

Gender, male:female, n 15:34

Femoral anteversion, °, mean±SD 24.10±10.37

External tibial torsion, °, mean±SD 31.72±8.75

Sulcus angle, °, mean±SD 154.51±5.76

Patellar tilt angle, °, mean±SD 26.87±8.32

Medial-lateral width of epicondyle, mm, mean±SD 75.04±5.28

Lateral anterior condyle height, mm, mean±SD 38.42±2.07

Trochlear groove anterior height, mm, mean±SD 33.31±2.82

Medial anterior condyle height, mm, mean±SD 34.24±2.81

The scanning procedure was performed to acquire 1-mm CT slices for the hip-knee-ankle joints
(resolution 512 × 512 pixels) [17]. All measurements were obtained using RadiAnt-DICOM software 5.0.1
(Medixant Ltd., Poznan, Poland).

Shital et al. measured the condylar height, trochlear height, and trochlear bump of 175 knees with
trochlear dysplasia in nine age groups [18]. They found that all linear trochlear measurements increased
with age, whereas the overall shape of TD did not. After age 11 years, there were no signi�cant changes
in the sulcus angle [18]. The FA was measured according to the axis of the femoral neck and the posterior
bicondylar line. External tibial torsion is the angle formed by the posterior axis of orientation of the tibial
epiphysis and the bi-malleolar axis, as described by Galland [15]. The mediolateral width is the maximum
width of the surgical trans-epicondylar axis (sTEA) [16, 19]. LAC height was de�ned as the distance
between the sTEA and the most anterior point of the lateral condyle. MAC height was de�ned as the
distance between the sTEA and the most anterior point of the medial condyle. TGA height was de�ned as
the distance between the sTEA and the lowest point of the trochlear groove (Fig. 1). To minimize
measurement errors, all measurements were made by two physicians (Observer 1, Observer 2). After an
interval of 10 days, Observer 1 again measured the same parameters of the 96 sets of the three joints.
Inter-observer and intra-observer reliability was determined by evaluating the intra-class correlation
coe�cient values of the investigated parameters (Table 2) [1, 2, 20].
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Table 2 The intra-observer and inter-observer correlation coe�cients of measurements with 95%
con�dence intervals

Measurement Intra-observer ICC 95%CI for ICC Inter-observer ICC 95%CI for ICC

Lower Upper Lower Upper

FA 0.993 0.990 0.995 0.961 0.942 0.974

ETT 0.972 0.958 0.981 0.945 0.919 0.963

SA 0.977 0.963 0.989 0.964 0.941 0.981

PTA 0.966 0.944 0.970 0.954 0.938 0.971

ML width 0.969 0.954 0.979 0.965 0.948 0.976

LAC height 0.916 0.877 0.943 0.915 0.874 0.942

TGA height 0.977 0.966 0.985 0.952 0.929 0.968

MAC height 0.983 0.974 0.989 0.952 0.929 0.967

CI: con�dence interval; FA: Femoral anteversion; ETT: External tibial torsion;

SA: Sulcus angle; PTA: Patellar tilt angle; 

ML width: Medial-lateral width of epicondyle;

LAC height: Lateral anterior condyle height;

TGA height: Trochlear groove anterior height;

MAC height: Medial anterior condyle height.

3D knee models
To analyze the morphology of the true lateral view of the femurs, CT scans were introduced into a 3D
image processing software system (Mimics 19.0; Materialise, Haasrode, Belgium) to create smooth 3D
surface models of the knee bones. These 3D surface models were subsequently loaded into engineering
software (Rhino 6; Robert McNeel & Associates, Seattle, WA, USA). All samples with perfect
superimposition of the posterior condyles were obtained and then analyzed. This evaluation was
repeated three times by a senior surgeon.

Statistical analysis
The measurements were analyzed using SPSS 21.0 software (IBM Corp., Armonk, NY, USA). All
measurements are expressed as means ± standard deviations. The inter-observer and intra-observer
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reliability was determined by evaluating the intra-class correlation coe�cient values of the investigated
parameters.

Results
The general information of the 49 patients is shown in Table 1. The mean age at CT was 19.1 ± 6.7
(range 12–41) years. The measurements included the rotational deformity of the femur (FA 24.10° ±
10.37°, range 0.90°–49.80°) and the tibia (ETT 31.72° ± 8.75°, range 6.60°–49.50°); anterior femoral
malformation data (SA 154.51° ± 5.76°, range 146.4°–175.5°; LAC height 38.42 ± 2.07 mm, range 34.10–
44.80 mm; TGA height 33.31 ± 2.82 mm, range 27.00–40.20 mm; and MAC height 34.24 ± 2.81 mm,
range 28.30–40.50 mm). In addition, the mean patellar tilt angle was 26.87° ± 8.32° (range 7.6°–58.4°),
and the mean mediolateral width of the epicodyles was 75.04 ± 5.28 mm (range 66.30–88.90 mm).

Altogether, 96 samples of the distal femur were evaluated in a descriptive manner using images
(translucent true lateral view) produced by engineering software. The proximal and distal areas of the
trochlea were distinguished in Fig. 2 (line B). Figure 3 depicts the speci�c characteristics and proportion
of each type of trochlear dysplasia. The position of the crossing point (where the trochlear groove line
crosses the medial condyle/lateral condyle) and the lateral condyle/facet morphology (lateral condyle
bump or supratrochlear spur) were the main classi�cation criteria.

Type 1 (7.3%): crossing point is in the proximal area of the trochlea + no lateral condyle bump or
supratrochlear spur

Type 2 (19.8%): crossing point is in the proximal area of the trochlea + the presence of a lateral
condyle bump or supratrochlear spur

Type 3 (13.5%): crossing point is in the distal area of the trochlea + no lateral condyle bump or
supratrochlear spur

Type 4 (59.4%): crossing point is in the distal area of the trochlea + the presence of a lateral condyle
bump or supratrochlear spur

The incidence of a double contour sign for all cases was 62.5%, although 56.7% (34/60) of the double
contour signs disappear after rotation of 5°–10°.

Discussion
The most important �nding of this study is that the classi�cation described—which includes new, more
accurate criteria for assessing TD—may provide relatively reliable guidance for trochleoplasty performed
to treat TD. We obtained the most accurate true lateral-view photographs using engineering software.
Even minimal rotation aberrations of 5° during conventional radiography causes false-positive or false-
negative results [11]. This novel classi�cation may reduce the false-positive and false-negative rates,
especially when it is di�cult to obtain TLCRs.
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Previous studies have found that various selected levels for magnetic resonance imaging (MRI) re�ect
different TD types [5, 21]. The Dejour classi�cation of TD shows low agreement between conventional
radiography and axial MRI [5, 14]. Sabine et al. showed that intra-observer and inter-observer agreement
is only fair with Dejour’s four-type classi�cation (24–78%) [14]. Gian et al. showed that plain axial
conventional radiography does not represent the true bony trochlear morphology and may result in
inappropriate clinical management [21]. Philippe et al. believed that axial MRI analysis of the entire distal
femur can obtain more accurate clinical classi�cation [5]. Because of the in�uence of selected levels of
CT/MRI [5, 22], our study mainly focused on the true lateral view of the TD. Our research aimed to
reevaluate the true lateral view of femoral models in patients with TD using 3D software. The false-
positive and false-negative rates can be minimized by using the most accurate true lateral view imaging.

Trochleoplasty is designed to change the morphology of the trochlea to stabilize an unstable patella [9,
23, 24]. Patellofemoral congruence may be promoted by lateral-facet elevating trochleoplasty or by
sulcus-deepening trochleoplasty [9]. Albee’s lateral-facet elevating trochleoplasty has been nearly
abandoned because of the great pressure it applies on the lateral patellofemoral area and the subsequent
patellofemoral osteoarthritis [25]. Sulcus-deepening trochleoplasty [26], �rst described by Masse in 1978,
has been the basis for several techniques and modi�ed techniques [23, 24, 27–30]. The sulcus-deepening
trochleoplasty is designed to eliminate the prominence of the femoral trochlea and re-shape a groove of
suitable depth [9, 23].

Among the four types of TD in our 96 cases, type 1 was found in 7.3%, type 2 in 19.8%, type 3 in 13.5%,
and type 4 in 59.4%. Type 1 TD deserves little consideration of trochleoplasty. Other surgical procedures
(e.g., medial patellofemoral ligament reconstruction, tibial tuberosity medialization osteotomy) should be
considered for the management of patellofemoral instability. Type 2 TD is characterized by a bump of the
lateral condyle or a supratrochlear spur that often causes great pressure on the lateral patellofemoral
joint. Arthroscopic lateral patelloplasty [31] or arthroscopic deepening trochleoplasty [27] may be
considered if the patient has lateral patellar compression syndrome. These techniques can reduce
pressure on the articular surface of the lateral patellofemoral area, thereby relieving symptoms. We
suggest that both type 3 and type 4 require sulcus-deepening trochleoplasty. The crossing point located
in the distal area of the trochlea means that the trochlea is fairly shallow over a long distance. Longo et
al. compared the clinical outcomes of these patients treated with three trochleoplasty procedures [24].
Dejour’s “V-shaped” sulcus deepening trochleoplasty, Bereiter’s “U-shaped” deepening trochleoplasty, and
Goutallier’s “recession trochleoplasty” are associated with signi�cantly improved stability and function
and a low rate of osteoarthritis and pain. However, the sulcus-deepening trochleoplasty is never
performed alone as other procedures must be combined with it to correct patellofemoral instability [23].

The “crossing sign” of Dejour’s classi�cation is a distinguishing feature of TD [13]. Dejour et al. noted that
the crossing sign is different in three types of TD [10].

Type I: The crossing of the two condylar outlines with the trochlear groove line is symmetrical and
proximal.
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Type II: The two condyles are asymmetrical, and the trochlear groove line crosses �rst the medial
condyle, at a variable level, and then the lateral condyle.

Type III: The crossing of the two condylar outlines with the trochlear groove line is symmetrical and
situated distally.

It should be noted that we did not observe that the trochlear groove line crossed with the medial condyle
�rst and then crossed the lateral condyle. We only found two types of crossing sign. The most common
was that the trochlear groove line crossed the medial condyle but did not cross the lateral condyle
(68.9%). Another form was de�ned as the trochlear groove line crossing the two condylar outlines at the
same point (31.1%). We believe that the site of the crossing point is more important than the form of the
crossing point.

Dejour et al. described a cortical beak (later called the supratrochlear spur), which is the superolateral
trochlear facet (type III) [10]. Later, in 2006, Dejour et al. described type D, which had a convex lateral facet
[13]. We think that the two qualitative criteria are controlled by the same mechanism but in different
trochlear positions (Fig. 4). There is no consensus on whether the lateral condyle bump should be
removed surgically. In our opinion, trochleoplasty (perhaps in concert with other procedures) is required if
the enlarged lateral facet or the supratrochlear spur affects patellar tracking or increases pressure on the
patellofemoral joint. When the patella is taken through its whole range of motion, there must be no
patellar impingement during the process [9].

According to Dejour’s classi�cation, the double contour is a marked characteristic of types C and D [9, 13].
The reason we do not use the double contour as a reference for classi�cation is that the double contour
does not represent features of the trochlear facets. As far as we know, the double contour is not caused
by projection of the medial facet of the trochlea. It is caused by the extended anterior cortex of the
bilateral trochlea—there is no cartilage. Although the incidence of the double-contour sign in all cases was
62.5%, rotation of 5°–10° caused the double contour sign to disappear in 56.7% (34/60) of cases.
Therefore, the rotation that occurs while obtaining lateral conventional radiographs may lead to
misclassi�cation.

Limitations
This study has several limitations. First, although four types of TD were found in this study, there may be
other types. A larger sample may be needed. Although this classi�cation may not be perfect, it may
indicate that the appearance of TD is diverse. Second, the 1-mm CT slices may have resulted in the loss
of some information. Perhaps 0.625-mm CT slices would have been a better choice. Third, these images
generated by the engineering software may not be exactly the same as the true lateral view of
conventional radiographs. Nevertheless, automated classi�cation might be a good option in the future [7].

Conclusion
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The presentation of TD varies greatly among PI patients and can be categorized into four types. This new
classi�cation, based on true lateral views of 3D femoral models, may provide relatively reliable guidance
when using trochleoplasty to treat TD.
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height; sTEA: surgical Trans-epicondylar axis; MRI: Magnetic resonance imaging
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Figure 1

Representation of the ML width, LAC height, TGA height and MAC height measurements. The ML width
(ML) is the maximum width of sTEA. LAC height (LAC) was de�ned as the distance between sTEA and
most anterior point of lateral condyle. TGA height (TGA) was de�ned as the distance between sTEA and
the lowest point of trochlear groove. MAC height (MAC) was de�ned as the distance between sTEA and
most anterior point of medial condyle.
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Figure 2

True lateral view representation. Line A is the axis of the femoral anatomy. Line B passes through the
most proximal point of the posterior condyles and is perpendicular to line A. Point C (red dot) is the
crossing point of the trochlear groove line and two condylar outlines. Line B is the boundary between the
proximal and distal areas
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Figure 3

Four types of trochlear dysplasia, shown in three-dimensional models and computed tomographic
images 3a: Type 1 (7.3%): crossing point is in the proximal area of the trochlea + no lateral condyle bump
or supratrochlear spur 3b: Type 2 (19.8%): crossing point is in the proximal area of the trochlea + the
presence of a lateral condyle bump or supratrochlear spur 3c: Type 3 (13.5%): crossing point is in the
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distal area of the trochlea + no lateral condyle bump or supratrochlear spur 3d: Type 4 (59.4%): crossing
point is in the distal area of the trochlea + the presence of a lateral condyle bump or supratrochlear spur

Figure 4

Four cases of type 4 trochlear dysplasia in true lateral three-dimensional models 4a: a prominence/bump
of lateral condyle/facet (black arrow); 4b: a small supratrochlear spur (black arrow); 4c: a large
supratrochlear spur (black arrow); 4d: a ‘cliff’ supratrochlear spur (black arrow).
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