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adjacent segments, except at approximately 10° medially at 
the turning point.
Conclusion The trochlear groove tracking varies greatly 
amongst a population that is mainly categorized into four 
types. This study may be helpful for better understanding 
of the natural trochlear groove anatomy, prosthetic design 
modification, and provide the reference value for studying 
patellofemoral diseases such as patellar maltracking and 
trochlear dysplasia.
Level of evidence Prospective study, Level II.

Keywords Total knee arthroplasty · Femoral trochlear 
groove · Morphological analysis · Computed tomography · 
Chinese population

Introduction

Total knee arthroplasty (TKA) is effective for improving 
knee functions, yet postoperative patellofemoral complica-
tions, such as chronic pain, patellar component dislocation, 
and patellar component loosening/wearing, are commonly 
observed postoperatively and considered a major cause 
for revision surgeries [8, 10, 16, 17]. Biomechanical stud-
ies by three-dimensional computer models of various TKA 
designs found that, when other influential factors were 
controlled (i.e. soft tissue balancing, component position-
ing, alignment, patellar resurfacing), the anatomical patel-
lofemoral kinematics was not fully restored to physiologi-
cal values [21, 23]. The asymmetrically designed femoral 
component with laterally orientated trochlear groove did 
not provide more anatomical patellar kinematics and patel-
lar stability compared with the older design with symmetri-
cal trochlear groove [3, 21]. The prosthetic trochlear groove 
may still be different from the normal trochlea, which may 

Abstract 
Purpose This study aimed to investigate the natural mor-
phology of the femoral trochlear groove based on quantita-
tive measurement.
Methods Computed tomographic femur models of 50 male 
and 50 female healthy Chinese adults (30–60 years) were 
analysed using three-dimensional software. Coaxial cutting 
planes (15° increments) rotating about the trochlear groove 
axis from the proximal to distal point were created, fol-
lowed by the deepest point of the trochlear groove marked 
at each cross section. The shape, position, and orientation 
of the trochlear groove were analysed.
Results The trochlear groove was located laterally rela-
tive to the mechanical axis and consisted of the laterally 
oriented proximal part and medially oriented distal part. 
Based on the turning points located on different cross sec-
tions, the trochlear groove was classified into four types: 
types 45°, 60°, 75°, and 90°. The mediolateral position 
relative to the mechanical axis was types 45°, 60°, 75°, and 
90°, from the lateral to medial side, while the distal parts 
of them extended along the same path. The orientation of 
the trochlear groove was relatively consistent and smooth, 
which oriented at approximately 1° medially between two 
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partly explain the cause of postoperative patellofemoral 
complications.

The geometry of the trochlea is the main determinant 
of patellar position at flexion angles higher than 30° [3, 5]. 
In addition, the bony structure was reported as an impor-
tant determinant of patellar kinematics at end-range knee 
extension (0°–30°) [18]. It is acceptable to assume that the 
patellar tracking will be very similar to the anatomy of the 
trochlear groove [5]. Therefore, whether patellofemoral 
mechanisms could be restored after TKA greatly depends 
on the design of the prosthetic trochlear groove [6, 12]. A 
systematic evaluation of the morphological features (shape, 
position, and orientation) of the natural trochlear groove is 
necessary for the prosthesis design to be more compatible 
with the physiological anatomy.

There is a general consensus that the natural trochlear 
groove orientation follows a path that could be approxi-
mated by two consecutive straight lines: a bilinear approxi-
mation, with different orientations in its proximal and dis-
tal parts [4, 11, 22]. It was hypothesized that there may be 
a turning point where the two parts connect, and that the 
turning points of individuals may be located at different 
zones of the trochlear groove with variations in morpholog-
ical features of the trochlear groove. Therefore, this study 
aimed to investigate the geometry of the natural knee troch-
lear groove in terms of its shape, position, and orientation 
and to test the hypothesis that the bilinear-shaped troch-
lear groove could be classified into different types based 
on various locations of the turning point. The geometry of 
the trochlear groove tracking was just briefly described in 
previous studies; the mediolateral position, orientation, and 
thus different types of the trochlear groove tracking based 
on these parameters have not been systematically evalu-
ated in the literature. Importantly, the evaluation of the 
trochlear groove morphology is the theoretical foundation 
to investigate the difference between natural and prosthetic 
knees or between natural and pathological knees in troch-
lear groove morphology. This study may contribute to pros-
thetic design modification to obtain improved patellofemo-
ral performance.

Materials and methods

One hundred healthy Chinese subjects (50 males and 50 
females) were recruited for this study (30–39 age group: 
9 males and 8 females; 40–49 age group: 12 males and 
35 females; 50–60 age group: 29 males and 7 females). 
The median age was 46 years (range 30–60 years); 
height, 165 cm (range 150–190 cm); weight, 65 kg (range 
43–90 kg); body mass index (BMI), 23.5 kg/m2 (range 
16.5–29.6 kg/m2); mechanical axis of the lower limb, 
179.2° (range 174.6°–185.5°). Inclusion criteria were as 

follows: no anatomical abnormality and no symptoms of 
soft tissue injuries or osteoarthritis. Individuals with previ-
ous knee trauma, knee pain, and other chronic diseases of 
the musculoskeletal system were excluded from the study.

Three‑dimensional knee models

Computed tomography (CT) (Light Speed 16; GE Medi-
cal System, General Electric Company, Milwaukee, WI, 
USA) scanning of both lower extremities was performed 
in all subjects. The scanning procedure was performed to 
acquire 0.625-mm CT slices for the knee joint and 2-mm 
CT slices for the hip joint and ankle joint (resolution 
512 × 512 pixels). The femoral and tibial shafts were not 
scanned to avoid unnecessary radiation exposure. Scanning 
data were then introduced into the Geomagic Studio 10.0 
software program (Geomagic Inc., Research Triangle Park, 
NC, USA) for use in three-dimensional reconstruction of 
the geometric pattern of the skeletal knee model.

Trochlear groove morphological measurement

Before measurement, the femur was aligned as follows: the 
mechanical axis was defined as the line connecting the cen-
tre of the femoral head and apex of the intercondylar notch 
[25]. The coronal plane was parallel to the mechanical axis 
and was externally rotated at 3° relative to the line connect-
ing the most posterior points of both femoral condyles. The 
sagittal plane was perpendicular to the coronal plane and 
passed through the mechanical axis. The transverse plane 
was perpendicular to both the coronal and sagittal planes.

A cylinder was established with its axis parallel to 
both the coronal and transverse planes, and its radius was 
adjusted to allow the cylindrical surface to closely fit the 
trochlear groove; its axis represented the trochlear groove 
axis. Coaxial cutting planes rotating about the trochlear 
groove axis from the proximal point to the distal point 
were created. The plane parallel to the transversal plane 
represented a 0° cutting plane. Then, with 15° increments 
towards the distal end of the trochlear groove, cutting 
planes of 15°, 30°, 45°, 60°, 75°, 90°, and 105° were cre-
ated, and eight corresponding cross sections were obtained. 
The deepest points of the trochlear groove were marked 
on the knee model surface at each cross section, from the 
proximal to distal end (Fig. 1).

The distance (mediolateral position) from the deep-
est point of the trochlear groove to the mechanical axis 
was measured. If the point was located at the medial side 
of the mechanical axis, the value was positive (d); other-
wise, the value was negative (−d) (Fig. 2a). The orientation 
parameters of the trochlear groove included α and β angles. 
The angle between every 15° segment on trochlear groove 
tracking and the mechanical axis was represented by α.  
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α indicated groove orientation at each cross section. Posi-
tive values (+α) indicated the lateral orientation of the 
trochlear groove tracking, and negative values (−α) indi-
cated the medial orientation. The angle between two adja-
cent 15° segments on the trochlear groove tracking was 
represented by β (Fig. 2b). Specially, if the groove tracking 
was beyond the arc of 0°–105°, the most proximal/distal 
deepest point was defined with cross sections smaller than 
0° and larger than 105°.

In a pre-experiment with 40 randomly selected sam-
ples, 3° increments were used to create cutting planes as 
in a previous study [23]. The result showed that the aver-
age angles of the cutting planes where the turning point 
was located were 44.4 ± 3.3° (5 samples), 60.2 ± 3.4° (12 
samples), 75.5 ± 3.6° (16 samples), and 89.1 ± 2.9° (7 
samples). Increments of 6°, 12°, 15°,18°, 24°, and 30° were 
also tested, and a 15° increment was as effective as a 3° 
increment to obtain an adequate amount of valid data and 
improved the research efficiency as well.

All of the measurements were finished by one surgeon 
to eliminate the interobserver bias. A test–retest analy-
sis was performed to determine intraobserver reliability 

by measuring the parameters three times in one randomly 
selected femur, and the assessment was made every month 
after the first measurement. The standard deviation of the 
three measuring trials was used to represent measurement 
accuracy, which was 0.1 mm and 0.1° for the mediolat-
eral location (d) and orientation (α) of the trochlear groove 
tracking, respectively.

The study was approved by the Institutional Review 
Board of the Shanghai Ninth People’s Hospital, Shanghai 
Jiaotong University School of Medicine (registration num-
ber 201532), and informed consent was obtained from all 
patients.

Statistical analysis

One-way analysis of variance was used to analyse the d 
values, α/−α, and β angles between different types of 
groove trackings, as well as age, height, weight, and BMI. 
Student’s t test was performed to determine whether the 
α/−α angles between two adjacent 15° segments and β 
angles between two adjacent deepest points of the groove 
tracking were significantly different. A p value less than 
0.05 was considered statistically significant. This sample 
size was mainly chosen from the data in the pre-experiment 
of 42 knees and was calculated using a power analysis. The 

Fig. 1  Lateral view of the trochlear groove axis and cutting planes. 
The medial femoral condyle was removed by the mid-sagittal plane 
to display the details of the trochlear groove. A cylinder with its axis 
parallel to both the coronal and transverse planes was established, and 
its radius was adjusted to allow the cylindrical surface to closely fit 
the trochlear groove; its axis represented the trochlear groove axis. 
Coaxial cutting planes rotating about the trochlear groove axis from 
the most proximal point to the most distal point were created. Start-
ing on a 0° cutting plane parallel to the transversal plane, 15° incre-
ments of the cutting plane were created towards the distal end of the 
trochlear groove; thus, 15°, 30°, 45°, 60°, 75°, 90°, and 105° cutting 
planes were created

Fig. 2  Measurement of the mediolateral position and orientation of 
the trochlear groove tracking. A positive d value (d) indicated that the 
point was located at the medial side of the mechanical axis. A nega-
tive d value (−d) indicated that the point was located at the lateral 
side of the mechanical axis. The angle between every 15° segment 
on the trochlear groove tracking and the mechanical axis was repre-
sented by α. Positive values (+α) indicated a lateral orientation of 
the trochlear groove tracking, while negative values (−α) indicated a 
medial orientation. The angle between two adjacent 15° segments on 
the trochlear groove tracking is represented by β



3166 Knee Surg Sports Traumatol Arthrosc (2017) 25:3163–3170

1 3

sample size for a power of ~0.9 (α = 0.05) indicated a min-
imum sample size of 48 knees. As the mediolateral posi-
tion parameter indicated by the d value was rather small in 
value and less than 3.0 mm, a relatively larger sample size 
was reasonable to decrease the inaccuracy caused by meas-
urement errors.

Results

In the 200 knee models, the trochlear grooves were com-
prised of two parts (a laterally oriented proximal part and 
medially oriented distal part) with turning points located 
at 30°, 45°, 60°, 75°, 90°, and 105° cross sections, respec-
tively, and the corresponding number of cases was 3, 20, 
47, 103, 25, and 2, respectively. The data of knee mod-
els (5 cases) with turning points located at 30° and 105° 
cross sections were eliminated from the statistical analy-
sis because of the small sample size. Based on the turning 
point location in the cross section, the trochlear groove was 
classified into types 45°, 60°, 75°, and 90°. No significant 
difference was observed between the four types in terms of 
average age, weight, height, and BMI (n.s.).

Mediolateral position of the trochlear groove

Generally, the trochlear groove located laterally relative to the 
mechanical axis. The mediolateral positions of the proximal 
parts for the four types were different, and according to the 
d/−d values, the order was types 45°, 60°, 75°, and 90°, from 
the lateral to medial side; the distal parts extended along the 
similar path (Table 1, Fig. 3). For the proximal part, the d/−d 
values of the corresponding points were not significantly dif-
ferent between type 45° and type 60°. For the distal part, the 

d/−d values at 60° (types 45° vs. 60°), 75° (types 45° vs. 60° 
vs. 75°), 90° (types 45° vs. 60° vs. 75° vs. 90°), and 105° 
(types 45° vs. 60° vs. 75° vs. 90°) cross sections were not sig-
nificantly different between the types (Table 2).

Orientation of the trochlear groove

A significant difference was noted when comparing α 
between two adjacent 15° segments of the trochlear groove 
within types 45°, 60°, 75°, and 90° (Table 3). Specifically, 
there were no significant differences in the comparison of 
adjacent segments 45°–60° versus 60°–75°, 60°–75° versus 
75°–90°, 75°–90° versus 90°–105° in type 45°; and adjacent 
segments 75°–90° versus 90°–105° in type 60° (Table 4). 
However, no significant difference was noted when compar-
ing α of the corresponding segment between types 45°, 60°, 
75°, and 90°, except when the groups compared were in dif-
ferent directions and in three pairs of comparisons (types 
60° vs. 75° in 15°–30° and 45°–60° segments; types 60° 
vs. 90° in 45°–60° segments) (Table 5). Regarding angle β 
(excluded β of the turning point), no significant difference 
was found in comparisons between adjacent groove points 
except in type 75° (90° vs. 105° cross section, p < 0.05). 
Furthermore, comparisons of β (excluded β of the turning 
point) of corresponding groove points between the four 
types were made with similar results noted, except at the 0° 
cross section (types 45° vs. 75°, p < 0.05) (Fig. 4).

No significant difference was found when comparing 
α/β between the four types of trackings (except at the turn-
ing point); namely, the orientation of groove tracking was 
relatively consistent. In addition, amongst the 0°–105° of 
cross sections, the groove orientated medially at approxi-
mately 1° (range 0°–3°) along the trochlear groove except 
at approximately 10° (range 9°–11°) medially when at the 
turning point; namely, the extension of groove tracking was 
relatively smooth (Fig. 4).

Table 1  Mediolateral position of the trochlear groove trackings at 
each cross section for types 45°, 60°, 75°, and 90°

All parameters are reported as the means (standard deviation) in mil-
limetre. Positive values indicate that groove points are located at the 
medial side of the mechanical axis, while negative values indicate 
that groove points are located at the lateral side of the mechanical 
axis

Cross sec-
tions

Type 45° 
(mm)

Type 60° 
(mm)

Type 75° 
(mm)

Type 90° 
(mm)

0° −0.9 (1.9) −0.4 (1.9) 0.7 (1.9) 2.0 (2.0)

15° −2.0 (1.4) −1.3 (1.6) −0.2 (1.6) 1.1 (1.6)

30° −2.7 (1.3) −1.9 (1.5) −0.9 (1.4) 0.3 (1.4)

45° −3.1 (1.3) −2.4 (1.3) −1.6 (1.2) −0.3 (1.3)

60° −2.7 (1.2) −2.8 (1.3) −2.1 (1.1) −0.9 (1.2)

75° −2.2 (1.1) −2.4 (1.3) −2.5 (1.1) −1.3 (1.1)

90° −1.7 (0.9) −1.9 (1.2) −1.9 (1.0) −1.6 (1.0)

105° −1.2 (0.8) −1.4 (1.1) −1.2 (0.9) −1.0 (1.1)

Fig. 3  Mediolateral position of the trochlear groove tracking



3167Knee Surg Sports Traumatol Arthrosc (2017) 25:3163–3170 

1 3

Discussion

The most important finding of the study was that the 
trochlear groove tracking was consisted of the laterally 
orientated proximal and medially orientated distal parts 
marked by the turning point where the two parts connected. 
Another important finding was that the groove tracking was 

categorized into different types based on turning point loca-
tion and morphological differences (shape, position, and 
orientation). The evaluation of the trochlear groove track-
ing in the present study was not only conducive to learn 
the anatomical landmarks for knee replacement surgery 
[13, 15], but also may contribute to the modification of cur-
rent prosthesis. A reference value was also provided in this 
study for the diagnosis of patellofemoral diseases (patellar 
maltracking, trochlear dysplasia, etc.) in the clinical setting.

In a study of 100 human femurs, the natural groove 
orientation was found to follow a path, which could be 
approximated by two consecutive straight lines: a bilinear 
approximation [4]. Our finding was consistent with previ-
ous studies in that the anatomical morphology of the troch-
lear groove tracking could be described as bilinear [4, 11, 
22]. In a study by Yue et al. [24], no difference in troch-
lear groove morphology was found between 20 male and 
20 female Chinese subjects. Similarly, no significant dif-
ference in the position and orientation of trochlear groove 
tracking was observed between genders in the present study 
(n.s.). Another finding of the present study was the vari-
ation in turning points, with its location at 45°, 60°, 75°, 
and 90° cross sections. Based on this finding, the femoral 

Table 2  Comparison of d/−d of corresponding points between different types

p values less than 0.05 were considered statistically significant

n.s. not significant

Cross sections p values between different types

45° versus 60° 45° versus 75° 45° versus 90° 60° versus 75° 60° versus 90° 75° versus 90°

0° n.s. 0.01 0.00 0.01 0.00 0.02

15° n.s. 0.00 0.00 0.00 0.00 0.00

30° n.s. 0.00 0.00 0.00 0.00 0.00

45° n.s. 0.00 0.00 0.00 0.00 0.00

60° n.s. 0.02 0.00 0.00 0.00 0.00

75° n.s. n.s. 0.01 n.s. 0.00 0.00

90° n.s. n.s. n.s. n.s. n.s. n.s.

105° n.s. n.s. n.s. n.s. n.s. n.s.

Table 3  α value of each 15° segment of the trochlear groove for 
types 45°, 60°, 75°, and 90°

All parameters are reported as the means (standard deviation). Posi-
tive values indicate the lateral orientation of the trochlear groove 
tracking, and negative values indicate the medial orientation

Groove seg-
ments

Type 45° (°) Type 60° (°) Type 75° (°) Type 90° (°)

0°–15° 9.0 (4.2) 8.0 (4.4) 9.9 (4.4) 9.7 (4.1)

15°–30° 7.5 (2.7) 7.3 (3.9) 8.7 (4.0) 8.8 (3.5)

30°–45° 5.6 (2.6) 6.1 (3.3) 7.1 (3.6) 7.4 (3.7)

45°–60° −4.5 (3.0) 4.5 (2.5) 5.8 (3.5) 6.2 (3.0)

60°–75° −5.3 (3.4) −4.8 (3.0) 4.8 (2.6) 5.0 (2.9)

75°–90° −6.1 (3.1) −5.7 (3.3) −6.6 (3.6) 3.5 (2.2)

90°–105° −6.2 (3.8) −6.5 (3.8) −7.5 (3.8) −6.6 (2.8)

Table 4  Comparison of α between two adjacent 15° segments of the trochlear groove within each type

p values less than 0.05 were considered statistically significant

TP turning point of the trochlear groove tracking, n.s. not significant

Type p values of α between two adjacent 15° segments

0°–15° versus 
15°–30°

15°–30° versus 
30°–45°

30°–45° versus 
45°–60°

45°–60° versus 
60°–75°

60°–75° versus 
75°–90°

75°–90° versus 
90°–105°

45° 0.01 0.00 0.00 (TP) n.s. n.s. n.s.

60° 0.00 0.00 0.00 0.00 (TP) 0.04 n.s.

75° 0.00 0.00 0.00 0.00 0.00 (TP) 0.00

90° 0.02 0.00 0.01 0.01 0.01 0.00 (TP)
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trochlear groove was classified into types 45° (10.0 %), 
60° (23.5 %), 75° (51.5 %), and 90° (12.5 %) in the present 
study. As for every 30° of knee flexion, 20° of patellofemo-
ral flexion occurred [14]; hence, the 45°, 60°, 75°, and 90° 
cross sections of trochlear grooves could be roughly equal 
to 67.5°, 90°, 112.5°, and 135° knee flexions. Previously, a 
turning point at about 80° of knee flexion was observed in 
100 cadavers by Barink et al. [4]; yet Varadarajan et al. [23] 
showed that the turning point appeared in 73.9–83.1 % of 
the trochlear groove tracking.

Compared to the natural knee, the prosthesis showed lit-
tle variation in groove position through the entire trochlear 
length or did not have the same curve of groove tracking as 
a normal knee [3, 23]. A modern asymmetrically designed 
prosthesis with a groove orientation proximal lateral to 
distal medial across the anterior flange was thought to be 

beneficial to patellofemoral kinematics, but this was not 
supported by some research [3, 21, 23]. Over the proximal 
27 % of the trochlea, the prosthetic groove was found to 
be located on average 2 mm more lateral than in normal 
knees; distally, the prosthetic groove was located on aver-
age 0.8 mm medial relative to its position in normal knees 
[23]. Intraoperative measurements showed that the pros-
thetic groove was located on average 2.5 mm medially rela-
tive to the normal groove [15]. Non-physiological forces 
resulting from changes in patellofemoral motion can con-
tribute to patellofemoral pain, and patellar component loos-
ening and wear [2, 5, 7].

For the femoral component, the mediolateral position 
of the trochlear groove varies at different flexion angles, 
and the design parameters are different amongst prosthe-
sis systems [6]. Additionally, when assessing the changes 
in trochlear groove, individual patient anatomy was always 
ignored instead of average parameters [3, 21, 23]. Previ-
ously, the mediolateral position of the trochlear groove in 
33 cadavers was found to be at 49.0 ± 3.7 % of the femur 
width in a study by Shih et al. [20]. As in our study, the 
variation of the position of the trochlear groove was found 
mainly in the proximal parts. The position order was types 
45°, 60°, 75°, and 90° from the lateral to medial side, with 
the corresponding turning points located at −3.1, −2.8, 
−2.5, and −1.6 mm from the mechanical axis, respec-
tively, and varied at different cross-sectional angles along 
the trochlear groove trackings. This difference changed 
substantially from proximal to distal on the trochlea and 
indicated the need for implants with anatomically designed 
trochlear grooves [23], while considering the natural ana-
tomical variation. Additionally, the implanted position of 
the femoral component may vary between surgeons with 
different skills and may affect the postoperative trochlear 
groove position [15].

The orientation of the trochlear groove was relatively 
consistent and smooth amongst different types, which 

Table 5  Comparison of α between corresponding 15° segments of the trochlear grooves between different types

p values less than 0.05 were considered statistically significant

DD different directions of groove segments, n.s. not significant

Groove segments p values between different types

45° versus 60° 45° versus 75° 45° versus 90° 60° versus 75° 60° versus 90° 75° versus 90°

0°–15° n.s. n.s. n.s. n.s. n.s. n.s.

15°–30° n.s. n.s. n.s. 0.042 n.s. n.s.

30°–45° n.s. n.s. n.s. n.s. n.s. n.s.

45°–60° 0.00 (DD) 0.00 (DD) 0.00 (DD) 0.01 0.01 n.s.

60°–75° n.s. 0.00 (DD) 0.00 (DD) 0.00 (DD) 0.00 (DD) n.s.

75°–90° n.s. n.s. 0.00 (DD) n.s. 0.00 (DD) 0.00 (DD)

90°–105° n.s. n.s. n.s. n.s. n.s. n.s.

Fig. 4  β angles between every adjacent segment of the trochlear 
groove tracking. The black dotted lines indicate the turning points in 
relation to the cross sections
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oriented at approximately 1° (range 0°–3°) medially from 
0° to 105° cross sections except at approximately 10° 
(range 9°–11°) medially at the turning points in the pre-
sent study. Based on the hypothesis that the motion of the 
patella would follow the articular geometry of the troch-
lea [10], 1° of medial orientation in the trochlear groove 
could partly explain patellar kinematics with the distal 
pole moving medially through 0°–90° of knee flexion 
[21]. A previous study found that the patella may rotate as 
much as 12°–15° with respect to the femur [19], with the 
rotation angle being similar to the total degree of medial 
orientation across its whole sector in the trochlear groove 
of the present study. In addition, 10° of orientation shift 
at the turning point would also provide determinant clues 
for patellar kinematics and the change of direct force on 
the patella. In a review of the literature, the reversal of the 
‘screw home mechanism’ during the initial 30° of knee 
flexion derotated the tibia [19]. In addition, tibial inter-
nal rotation produced a ‘medial pivot’ motion in the mid-
range extension [1, 9]. There would be an implicit idea 
that both 10° of medial orientation shift and tibia inter-
nal rotation had a ‘coupling effect’. However, the effect 
would be differed as the profile of the four types varied, 
and this needs to be further investigated. Although the 
mediolateral variation between types 45° and 60° was not 
significantly different, these knees were not classified into 
a same type.

In addition, the current protocol of TKA involves place-
ment of the femoral component at 3° of external rotation 
to create a balanced flexion–extension gap and to favour 
patellar tracking [6, 21, 23]. It was reported that the 
femoral component rotation has a notable effect on the 
trochlear groove position and orientation [6, 23]. There-
fore, following the current protocol, to facilitate the com-
parison between our results with parameters of prosthetic 
trochlear groove as in previous studies [21, 23], the three-
dimensional coordinate in the present study was set at 3° of 
external rotation to the posterior condylar line in the axial 
alignment.

A main limitation of the present study was that physi-
ological features (e.g. the width and height of the lateral 
and medial femoral condylar facet, and trochlear bisector 
angle) which are also important in prosthetic design and 
patellofemoral kinematics [6, 23] were not evaluated. Some 
anatomical differences between the types might be identi-
fied by further studies. Second, the bony morphology of 
the knee model was used, neglecting the geometry of the 
articular cartilage. Although the geometry of the cartilage 
surface differed from that of the bone in the trochlea, the 
difference was small [11, 20]. Third, the present study 
lacks clinical translational value in that there is no refer-
ence to current arthroplasty design; thus, further studies are 
needed.

Conclusions

The trochlear groove tracking varies greatly amongst a 
population that is categorized into four different types 
based on morphological differences, such as mediolateral 
positions of the proximal parts and angles of cutting planes 
for turning points. This study may be helpful for a better 
understanding of the natural trochlear groove anatomy, 
prosthetic design modification, and provide the reference 
value for studying patellofemoral diseases such as patellar 
maltracking and trochlear dysplasia.
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