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Background: The medial patellofemoral ligament (MPFL) has been reported to be anatomically attached from an osseous saddle
region (saddle sulcus) between neighboring landmarks on the femur, including the adductor tubercle (AT), medial epicondyle (ME),
and medial gastrocnemius tubercle (MGT). However, the position and prevalence of the saddle sulcus remain unknown.

Purpose: To study the femoral footprint of MPFL and the prevalence of the saddle sulcus with computed tomography (CT)
imaging; quantify the position of the saddle sulcus; and determine the relevant factors of the identified position and measuring
distances.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: A total of 1094 knees in 753 patients were studied. Knees were organized into an anterior cruciate ligament recon-
struction (ACLR) group (controls) and a recurrent patellar dislocation (RPD) group. Using 3-dimensionally reconstructed CT
images, the authors determined the prevalence of the saddle sulcus and its position relative to the AT, the ME, the Schöttle point
(1.3 mm anterior to the distal posterior cortex and 2.5 mm distal to the posterior origin of the medial femoral condyle), and the Fujino
point (approximately 10 mm distal to the AT). Analysis of covariance was used to adjust for age, sex, side, and body mass index on
the measurements.

Results: There were 555 knees in the control group and 539 knees in the RPD group. The MPFL femoral footprint presented as an
oblique, oblong, osseous region (saddle sulcus) in 75.7% of knees (75.0%, ACLR group vs 76.4%, RPD group; P < .001). The
saddle sulcus was located a mean of 12.2 mm (95% CI, 12.0-12.4 mm) from a line connecting the apex of the AT to the ME (AT-ME)
and a mean of 7.6 mm (95% CI, 7.5-7.8 mm) posteriorly perpendicular to that line. The location as a proportion of the AT-ME
distance was 63.1% (95% CI, 62.6%-63.7%) in the X direction and 39.8% (95% CI, 39.1%-40.5%) in the Y direction. The Schöttle
and Fujino points lay anterior and proximal to the saddle sulcus more than 5 mm away from the center of the saddle sulcus. Women
had a higher prevalence of saddle sulcus (odds ratio [OR], 1.33 [95% CI, 1.00-1.75]; P ¼ .046) compared with men.

Conclusion: The saddle sulcus was identified in 75.7% of knees from the medial femoral aspect, with its center located con-
sistently between the AT and ME.
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Patellar dislocation constitutes 3.3% of all knee injuries,29

affecting 23 per 100,000 people in the United States
annually over 21 years.40 Medial patellofemoral ligament
(MPFL) injury occurs in >85% of primary patellar disloca-
tions.23,51 Recurrent patellar dislocation (RPD) occurs after
nonoperative treatment in one-third to one-half of patients

with acute patellar dislocations.43,60 Thus, MPFL recon-
struction is becoming more common. However, 47% of
major postoperative complications have resulted from tech-
nical problems during MPFL reconstruction, and 68% of
technical problems are a result of nonanatomic femoral
positioning.33

Radiographic reference points have often been used to
determine the femoral tunnel position.4,17,37,41,47,55 However,
the accuracy of this method has been debated,9,22,38,39,60 and
the difficulty in obtaining true-lateral radiographs during
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surgery adds to the confusion. Recently, direct assessment of
the femoral anatomy has been proposed for MPFL femoral
tunnel placement.58,60 Bicos et al7 were the first to character-
ize a saddle region where the MPFL originated from the fem-
oral aspect. Baldwin3 and Ziegler et al60 also described the
MPFL as being consistently and anatomically attached from
the osseous saddle region between neighboring landmarks,
including the adductor tubercle (AT), medial epicondyle
(ME), and medial gastrocnemius tubercle (MGT).

In previous studies11,58 we confirmed such findings;
termed the bony region as the saddle sulcus, which could
be identified on 3-dimensionally (3D) reconstructed com-
puted tomography (CT) images; and determined that
intraoperative palpation was feasible through a small inci-
sion. However, there are gaps that need to be systemati-
cally addressed. First, it is potentially time-consuming
and difficult for novice surgeons to palpate the saddle sul-
cus. Second, for patients who do not have an obvious bony
sulcus, it is necessary to create a reference position from
those who do. Finally, there is little research detailing the
MPFL femoral footprint in the RPD population.

This study is a follow-up CT imaging analysis to our
previous in vitro study.11 We aimed to (1) determine the
CT imaging morphology of the MPFL footprint on the
femur and the general prevalence of the saddle sulcus
in patients with and without RPD; (2) quantify the posi-
tion of the saddle sulcus in each group and determine the
individualized positioning during MPFL reconstruction;
and (3) determine the relevant factors of the identified
position and measuring distances. We hypothesized that
the saddle sulcus is present in 75% of knees and is con-
sistently located surrounding the AT and ME, with a
nonsignificant difference between patients with and
without RPD.

METHODS

Study Design

Data recorded from 2015 to 2020 in our institution were
used for cross-sectional analysis. The study protocol was
approved by the institutional ethics committee of the
Shanghai Sixth People’s Hospital, and we followed the
STROBE (Strengthening the Reporting of Observational
Studies in Epidemiology) reporting guidelines for cross-
sectional studies.54 Informed consent was waived because
of the retrospective nature of the study.

Study Population

Control Group. The control group consisted of patients clin-
ically diagnosed with anterior cruciate ligament (ACL)
injury on the basis of radiographic findings and clinical and
intraoperative arthroscopic examinations. Patients were
included who underwent CT within 3 days after ACL recon-
struction (ACLR), as routinely performed in our clinical
practice for reexamining tunnel positioning.

RPD Group. The study group included patients who
were diagnosed with RPD with trochlear dysplasia by
radiologic findings and clinical examinations. This group
was divided into 4 subgroups according to the Dejour clas-
sification of femoral trochlea on both axial CT scans and
digitally reconstructed images13,14,27,50: type A (shallow
trochlear sulcus/crossing sign), type B (flat or convex troch-
lea/suprathrochlear bump or spur), type C (hypoplastic
medial facet with lateral convexity/double contour), and
type D (cliff-shaped trochlea/vertical join or cliff pattern).

Exclusion Criteria

Patients in the ACLR group were excluded from the study if
they had patellofemoral instability, femoral trochlear dys-
plasia, or patella alta (calculated by Caton-Deschamps
index10). Regardless of grouping, patients with the follow-
ing conditions were excluded: (1) severe patellofemoral or
tibiofemoral osteopathy or osteoarthritis, (2) skeletal
immaturity, (3) multiple ligament injuries, (4) damaged
femoral ME (ie, previous MPFL surgery), and (5) insuffi-
cient CT image quality (ie, images with severe artifacts).

CT Imaging

CT scans on all patients were performed through a multi-
detector CT scanner (Lightspeed VCT 64; GE), with a
120-kV tube voltage, 350-mA tube current, 0.625-mm recon-
structive slice and interval thickness, and 1.0-second rota-
tion time. The imaging measurements of both groups were
conducted by an experienced surgeon (J.C.) using 3D CT–
reconstructed standard mediolateral knee images.34 Direct
distances on the reconstructed femurs were calculated using
Digimizer image analysis software (MedCalc Software Ltd).

Two senior orthopaedic surgeons and 1 musculoskeletal
radiologist (J.Z., G.X, and Y.X.) reviewed all the 3D images
and axial CT scans to determine the osseous landmarks,
including the apexes of the AT, ME, and MGT. The AT was
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consistent in the femoral medial and posterior aspects,17

with a prominence located between the femoral medial con-
dyle and the shaft. Considering the variability in the ME
(eg, flat or shallow groove shape),17 the axial image of the
CT scan at which the ME was the most prominent was used
to determine the apex. Because of its relatively large ten-
don insertion and variability of existence,60 the MGT was
identified to confirm the location of the saddle sulcus. No
measurements were performed based on this tubercle so as
to avoid any underlying measurement error.

The saddle sulcus has been anatomically3,58,60 and radio-
graphically11 identified as an osseous depression or region
where the MPFL is consistently attached. Considering pre-
vious descriptions of the MPFL femoral footprint,1,21,24,48,52

we thus determined the saddle sulcus on the reconstructed
femur as (1) being located within the boundaries of the AT,
ME, and MGT; (2) lying posterior to the border connecting
the apexes of the AT and ME; and (3) a broad, oblong, and
oblique saddle-like sulcus. The 3D-reconstructed model
was rotated to ultimately determine the presence of the
saddle sulcus.

Distance Measurements

The center of the saddle sulcus was defined using distances
X and Y, as shown in Figure 1. Based on this location, we
calculated the distance from the saddle sulcus center to
the AT (SS-AT), the ME (SS-ME), and 2 previously reported

radiographic reference points: the Schöttle point41 (1.3 mm
anterior to the distal posterior cortex and 2.5 mm distal to
the posterior origin of the medial femoral condyle;
SS-Schöttle) and the Fujino point17 (approximately
10 mm distal to the AT; SS-Fujino). In addition, we calcu-
lated the proportion of distance X and distance Y to the
AT-ME distance (X/AT-ME% and Y/AT-ME%, respectively)
for standardization and heat mapping analysis.

The anteroposterior width of the ME was calculated
according to Stephen et al47 to standardize the measure-
ments in different population sizes (Figure 1). The normal-
ized measurements (Mn) were calculated as follows:

Mn ¼Mo � ðAP=APÞ

where Mo is the original measurement, AP is the average of
all measured anteroposterior distances of the ME, and AP
is the anteroposterior distance of the ME.

Study Outcomes

The primary study outcomes were the MPFL femoral foot-
print morphology and the prevalence and position of the
saddle sulcus. A heat map was created to provide a visual
representation of the identified sulcus centers as distrib-
uted over the femoral medial condyle using X/AT-ME% and
Y/AT-ME%. The secondary outcomes were the other mea-
surements (SS-AT, SS-ME, AT-ME, X, Y, SS-Schöttle, and
SS-Fujino).

Figure 1. A 3-dimensional computed tomography–reconstructed left knee from the standard mediolateral view, marked with the
osseous landmarks (red dots). Reference line 1 extends distally along the posterior femoral cortex, and reference line 2 intersects
the contact point of the apex of the medial epicondyle (ME) and the posterior cortex. The anteroposterior distance of the medial
femoral condyle was measured according to Stephen et al.47 The inset shows the Schöttle point (black dot) and Fujino point (green
dot). Distance Y was defined from the center of the saddle sulcus (SS) to the line connecting the apex of the adductor tubercle (AT)
and ME, and distance X was the perpendicular distance from distance Y to the AT. MGT, apex of the medial gastrocnemius
tubercle.
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Statistical Analysis

A descriptive analysis of the study population was com-
pleted for continuous (mean) and discrete (percentage)
variables. The normality of continuous data was evaluated
using the Shapiro-Wilk test. Independent-sample t tests
(continuous variables) and chi-square tests (discrete vari-
ables) were used to compare baseline characteristics
between the 2 groups. The Mann-Whitney U test was used
for nonnormal data. A binary logistic regression model was
used to determine the associations of the prevalence of the
saddle sulcus with group differentiation and demographic
factors. Analysis of covariance (ANCOVA) models were
used to adjust for covariates such as age, sex, side, and body
mass index (BMI) on the imaging measurements. Bonfer-
roni adjustments were also performed for multiple compar-
isons. We performed a subgroup analysis of the RPD group
by femoral trochlear morphology (Dejour classification); lin-
ear regression analysis was used to evaluate the difference in
the saddle sulcus measurements between subgroups, with
the ACLR group set as a dummy variable. All statistical anal-
yses were performed using SPSS (24.0; IBM Corp), with sta-
tistical significance set at P < .05 and with 2-sided tests.

Intraclass correlation coefficients (ICCs) were calculated
to evaluate intraobserver and interobserver reliabilities of
the measurements. To determine the intraobserver reliabil-
ity, 100 patients in each group were randomly chosen for
the primary observer (J.C.) to reperform the measurements
2 weeks later in a separate sitting position. To determine
the interobserver reliability, a second blinded observer
(K.H.) completed the measurements on the same 100
patients independently. An ICC �0.75 was considered
good, 0.50 to 0.74 moderate, and <0.50 poor.32,42

RESULTS

Baseline Characteristics

We analyzed 1094 knees from 753 patients; there were
555 knees (50.7%) in the ACLR group and 539 knees
(49.3%) in the RPD group. The overall mean (± SD) age was
28.3 ± 8.8 years, and 322 patients (42.8%) were women

(Table 1). The overall anteroposterior ME width was 60.6
± 4.8 mm. The intra- and interobserver ICCs of the mea-
surements were both good (0.86 [95% CI, 0.81-0.90] and
0.81 [95% CI, 0.74-0.86], respectively).

Overall Quantified Anatomic Features

The MPFL femoral footprint presented as 4 predominant
shapes on the 3D CT–reconstructed images as follows:
(1) saddle sulcus; (2) dimple; (3) “fake” groove; and (4)
“fusion” mound (Figure 2).

The saddle sulcus, when present, was an oblique, oblong,
osseous region sitting between the AT, ME, and MGT,
which were identified on the reconstructed knee images
(Figure 2, A-C). With the diverse range of femoral attach-
ment width of MPFL as 11.5 ± 4.3 mm,21 this fan-like struc-
ture occasionally originated at a dimple-like osseous region,
with a smaller width. It could be considered a subtype of the
saddle sulcus. Additionally, “fake” grooves, as formed by
the ME,17 were excluded according to the aforementioned
definition of the saddle sulcus. Because the tubercles on the
femoral medial aspect might merge together as a mound, no
specific osseous depression could be identified under this
condition (Figure 2).

Prevalence and Position of the Saddle Sulcus

The overall prevalence of the saddle sulcus was 75.7%
(75.0% in the ACLR group and 76.4% in the RPD group;
P < .001). The saddle sulcus was located 12.2 mm (95% CI,
12.0-12.4 mm) from the apex of the AT according to distance
X and 7.6 mm (95% CI, 7.5-7.8 mm) perpendicular to
distance X according to distance Y. The location as a pro-
portion of the AT-ME distance was 63.1% (95% CI, 62.6%-
63.7%) for X/AT-ME% and 39.8% (95% CI, 39.1%-40.5%) for
Y/AT-ME% (Table 2).

Significant unadjusted differences in the imaging mea-
surements were observed between the ACLR and RPD
groups on all variables except for X/AT-ME% (Table 2). The
differences in the measurements for SS-ME, distance Y,
and SS-Fujino became nonsignificant after adjustment by
the testing models (Figure 3 and Table S1 in the Supple-
mental Material).

TABLE 1
Comparison of Baseline Characteristics in the ACLR and RPD Groups, 2015-2020a

Overall (n ¼ 1094b) ACLR Group (n ¼ 555) RPD Group (n ¼ 539)c MD (95% CI) P

Patient age, y 28.3 ± 8.8 30.8 ± 8.5 24.4 ± 8.0 6.4 (5.2-7.6) < .001
Female sex 322/753 (42.8) 114/453 (25.2) 208/300 (69.3) — < .001
Body mass index, kg/m2 24.5 ± 3.8 24.8 ± 3.5 24.0 ± 4.2 0.8 (0.3-1.4) .004
Right side affected 553 (50.5) 282 (50.8) 271 (50.3) — .860
AP width of medial condyle, mm 60.6 ± 4.8d 62.9 ± 4.3 58.3 ± 4.2 4.6 (4.0-5.2) < .001

aValues are reported as mean ± SD or n (%). Bolded P values indicate a statistically significant difference between the study groups
(P < .05). ACLR, anterior cruciate ligament reconstruction; AP, anteroposterior; MD, mean difference; RPD, recurrent patellar dislocation.

bNumber of knees.
cThe Dejour classification of femoral trochlea was as follows: 19 type A (3.5%), 31 type B (5.8%), 321 type C (59.6%), and 168 type D (31.2%).
dThere was no significant difference in AP width between right and left knees (60.7 ± 4.8 vs 60.6 ± 4.8 mm, respectively; P ¼ .886).
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All identified saddle sulci were depicted in the femoral
medial aspect (Figure 4). The mean SS-Schöttle and SS-
Fujino distances both exceeded 5 mm, and the reference
points mainly lay anterior and proximal to the saddle
sulcus.

Women carried a 33% higher prevalence of saddle sulcus
(OR, 1.33 [95% CI, 1.00-1.75], P ¼ .046) compared with men.
Increased BMI, male sex, left side, and patellar instability
were related to usually greater measuring distances in the
ANCOVA model for adjustment. Decreased BMI (P ¼ .040)

Figure 2. Description of the medial patellofemoral ligament femoral insertion on 3-dimensionally reconstructed knees. (A-C) The
saddle sulcus from oblique posterior femoral views (white arrows); (B) the saddle region and (C) center of the region were marked.
(D) Dimple (black arrow). (E) “Fake” groove (blue arrow). (F) “Fusion” mound (dashed white circle). AT, apex of the adductor
tubercle; ME, apex of the medial epicondyle; MGT, apex of the medial gastrocnemius tubercle.

TABLE 2
Overall and Unadjusted Group Differences for Saddle Sulcus Prevalence and CT Measurementsa

Overall (n ¼ 828)b ACLR Group (n ¼ 416) RPD Group (n ¼ 412) MD (95% CI) P

Prevalence of saddle sulcus, % 75.7 75.0 76.4 — < .001
Distance, mm

SS-AT 14.5 (14.3 to 14.7) 15.0 (14.7 to 15.3) 14.0 (13.7 to 14.3) 1.0 (0.6 to 1.5) < .001
SS-ME 10.5 (10.3 to 10.7) 11.1 (10.9 to 11.4) 9.9 (9.7 to 10.1) 1.3 (0.9 to 1.6) < .001
AT-ME 19.2 (19.0 to 19.5) 19.8 (19.5 to 20.2) 18.7 (18.3 to 19.0) 1.1 (0.7 to 1.6) < .001
X 12.2 (12.0 to 12.4) 12.4 (12.2 to 12.7) 11.9 (11.6 to 12.2) 0.5 (0.1 to 0.9) .007
Y 7.6 (7.5 to 7.8) 8.2 (7.9 to 8.4) 7.1 (6.9 to 7.3) 1.1 (0.7 to 1.4) < .001
SS-Schöttle 8.3 (8.1 to 8.5) 7.9 (7.6 to 8.2) 8.8 (8.5 to 9.1) –0.9 (–1.3 to –0.5) < .001
SS-Fujino 5.5 (5.3 to 5.7) 6.0 (5.7 to 6.3) 5.0 (4.7 to 5.2) 1.0 (0.7 to 1.4) < .001

X/AT-ME% 63.1 (62.6 to 63.7) 62.6 (61.8 to 63.4) 63.6 (63.0 to 64.3) –1.0 (–2.1 to 0.1) .064
Y/AT-ME% 39.8 (39.1 to 40.5) 41.4 (40.4 to 42.4) 38.2 (37.3 to 39.2) 3.2 (1.8 to 4.6) < .001

aSee the Methods section for definitions of the distances. Values are reported as mean (95% CI) unless otherwise indicated. Bolded P values
indicate statistically significant difference between the study groups (P < .05). ACLR, anterior cruciate ligament reconstruction; AT, apex of
the abductor tubercle; CT, computed tomography; MD, mean difference; ME, apex of the medial epicondyle; RPD, recurrent patellar dislo-
cation; SS, center of the saddle sulcus.

bNumber of knees with identified saddle sulcus on the CT scan.
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and patellar instability (P ¼ .023) predicted a lower Y/AT-
ME% (Table S2 in the Supplemental Material).

Subgroup Analysis for the RPD Group

No statistical differences were detected within the RPD
subgroups either before or after adjustment for confound-
ing factors, except for the adjusted SS-Schöttle distance
(Dejour type A vs type D: 6.9 mm [95% CI, 5.6-8.3] vs
9.1 mm [95% CI, 8.7-9.6], P ¼ .018) (Table S3 in the
Supplemental Material). The calculations for X/AT-ME%
(R2 ¼ 0.021, P ¼ .001), distance X (R2 ¼ 0.214, P < .001),
SS-AT (R2¼ 0.257, P< .001), AT-ME (R2¼ 0.263, P< .001),
and SS-Schöttle (R2 ¼ 0.071, P < .001) were significantly
increased in patients with Dejour type C compared with
those of the ACLR group.

DISCUSSION

The main findings of this study were that (1) MPFL femoral
footprint morphology varies and presents as an oblique,
oblong, osseous region (saddle sulcus) identified in 75.7%

knees (75.0% [ACLR group], 76.4% [RPD group]) in 3D-
reconstructed models; and (2) the position of the saddle
sulcus center was approximately 12 mm (approximately
60% of the AT-ME distance) from the apex of the AT per
distance X and 7 to 8 mm (approximately 40% of the AT-ME
distance) perpendicular to distance X per distance Y (60%-
40% rule, namely the simple method to determine the sad-
dle sulcus center using proportions) (Figure 3), which was
consistent with slight differences in each group. The study
findings suggest that it is feasible to palpate the saddle
sulcus during surgery, as it could be identified in 75.7%
knees, and the 60%-40% rule could be used as a potential
guidance by identifying AT and ME in patients with no
obvious saddle region.

Concerns have been raised that patients at risk of RPD
have anatomically different knees, particularly for the fem-
oral trochlear shapes.9,20,39,50 Thus, previous laboratory
studies9,38 using healthy cadaveric knees would not be fully
relied on in routine clinical practice. Patellofemoral kine-
matics, contact area and pressure, and stability were fur-
ther reported to be significantly affected by trochlear
dysplasia in a simulated in vitro test.53 Therefore, in

Figure 3. Adjusted differences between the anterior cruciate ligament reconstruction (ACLR) and recurrent patellar dislocation
(RPD) groups in the measurements for (A) SS-AT, SS-ME, and AT-ME distances; (B) SS-Schöttle and SS-Fujino; (C) distance X and
distance Y; and (D) X/AT-ME% and Y/AT-ME%. Error bars indicate 95% CIs. AT, apex of the adductor tubercle; ME, apex of the
medial epicondyle; SS, center of the saddle sulcus. See the Methods section for definitions of the distances. *Statistically
significant difference (P < .05).
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cadaveric studies with a relatively small sample size, it
would be necessary to include an adequate population with
RPD to assess the femoral medial anatomic features.

The synthesis location of the saddle sulcus demonstrated
a consistent region, located at a triangular space,1,21 and
varied between neighboring bony landmarks.2,25,30,35 We
quantified the saddle sulcus position with normalized
dimensions (60%-40% rule) of the femoral surface geometry
to minimize the positioning error from variance. Addition-
ally, we found that the location of the saddle sulcus in the
RPD group was statistically significantly anteroproximal to
the control group, while the absolute differences were clin-
ically small at 1 to 2 mm. In clinical practice, for patients
without an identified saddle sulcus (24.3%), the 60%-40%

rule could be used as a potential guidance by identifying AT
and ME. However, the tunnel placement still requires fur-
ther validation in other work before it can be considered
clinically actionable.

The Schöttle point and Fujino point lay anterior and
proximal (>5 mm outranging) relative to the saddle sulcus,
a nonneglectable malposition causing potentially dramatic
patellofemoral pressure increase and alteration of graft
isometry.15,45-47 The consistent radiographic reference
points did not take into consideration the variation of the
bony architecture, and their use has been argued against
for ensuring anatomic positioning.22,38,39,60 Moreover, the
length change pattern of MPFL has been investigated
mostly based on Schöttle point6,18,44 or Fujino point31,57

as the anatomic femoral insertion. Our findings thus pro-
vide a novel insight into such length change pattern studies
with the saddle sulcus as the MPFL femoral footprint. And

potentially a more anatomic length change pattern and the
relative tolerable error of varying femoral positionings
could be found and further studied.

Most of the imaging measurements were significantly
greater in male patients, left knees, and patients with
increased BMI. The knee size was significantly different
between sexes,16,56 and men had a generally larger fem-
oral shape.16 Femoral geometry increased with BMI,5,59

although the increment was not commensurate.5 Regard-
ing the side factor, numerous studies12,19,36 found no con-
tour differences in the femur between sides. However,
ACL femoral insertion differed significantly between right
and left knees measured by Dargel et al,12 suggesting
potential surface morphology differences between sides
with similar contours. After adjusting for confounding fac-
tors, most distance measurements in the RPD group, espe-
cially with Dejour type C femoral trochlea, were
significantly increased compared with those in the control
group. The results indicated that patients with medial
trochlear dysplasia could be at risk not only of patellofe-
moral instability26 but also of surface morphology altera-
tions, including the osseous landmarks’ relative positions
on the medial aspect.

The main strengths of the study are its (1) sample size,
which to our knowledge is the largest to date in a system-
atic imaging analysis study of MPFL femoral origin in
RPD and ACLR population; (2) confounding factors adjust-
ment and analysis, which have never been presented
before in such a series study; and (3) systematic compari-
son with radiographic reference points.

The weaknesses of the study are as follows. First,
patients with ACLR rather than a healthy population with
no knee injuries were included as the control group.
Although this population was previously reported as com-
parable with patellofemoral instability,8,9 and ACLR did
not damage the femoral medial condyle, the underlying
differences might prevent the generalization of our results.
Second, the determination of the geometric centers of the
osseous landmarks could be influenced by the image quality
and understanding of the saddle sulcus. However, all the
images were obtained with 0.625-mm reconstructive thick-
ness, and the intraobserver and interobserver reliabilities
of the described methods were found to be good (ICC,
>0.8),28,42 suggesting that the 60%-40% rule is feasible to
use in routine clinical practice. Third, only patients with
both RPD and femoral trochlear dysplasia were included
for analysis. Patients with RPD without femoral trochlear
dysplasia, acute patellar dislocation, and patellofemoral
pain should be investigated in further studies. Fourth, the
study evaluated saddle sulcus only by CT. The relation
between the saddle sulcus and the MPFL femoral insertion,
and the functionality of the ligament inserted at this point
require further evaluations. Moreover, the evolving under-
standing of the medial patellar complex shows that the
medial quadriceps tendon–femoral ligament, medial patel-
lotibial ligament, and medial patellomeniscal ligament
might also help to medially stabilize the patella.49 How-
ever, only MPFL reconstruction was included for consider-
ation to treat patellar instability in our study.

Figure 4. Heat map illustrating the distribution of all identified
centers of the saddle sulcus or dimple over the medial aspect
of the medial femoral epicondyle relative to the apex of the
adductor tubercle (AT) and apex of the medial epicondyle
(ME) from a true mediolateral view of the left reconstructed
knee in extension. (A) The darkest blue area on the femur
shows the least distributed attachment area, while yellow
areas highlight areas with a high degree of distribution. (B)
A grid was applied to the medial femoral condyle, with line l
connecting the AT and ME and line d perpendicular to line l;
lines l and d were identical in length. The dashed red perpen-
dicular lines represent the average position of the saddle
sulcus (red dot).
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CONCLUSION

The study findings indicated that there are variations in
the morphology of the MPFL femoral footprint. An oblique,
oblong, osseous region (saddle sulcus) was identified in
75.7% of knees from the medial femoral aspect, with its
center located between the AT and ME and following the
60%-40% rule for individualized positioning. The Schöttle
point and Fujino point may differ in location for tunnel
positioning guidance. This study provides further informa-
tion in determining the femoral tunnel position during
MPFL anatomic reconstruction and in studies on length
change patterns.
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