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Abstract

Background The risk of noncontact ACL injury report-
edly is increased in patients with a greater posterior tibial
slope (PTS), but clinical data are inconsistent. It is unclear
whether the medial and lateral PTSs have a different
impact on this connection. It also is unknown whether the
meniscal slope (MS) is associated with ACL injury.
Patients/methods Using MRI, we compared the medial
and lateral PTSs and MSs separately in 55 matched pairs of
patients with isolated noncontact ACL injuries and a con-
trol group.

Results Neither the PTS nor the relative difference
between the medial and lateral PTSs differed between
groups. In contrast, the lateral MS was greater with ACL
injuries: 2.0° versus —2.7° in males with and without ACL
injury and 1.7° versus —0.9 in females. Uninjured females
had a greater PTS than males: 4.9° versus 3.0° in females
and males medially, respectively; 5.7° versus 4.0° lateral.
Conclusions There is no obvious link between the medial
or lateral PTSs and ACL injury, and there is no obvious
link between the relative difference in the medial and
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lateral PTSs and noncontact ACL injury. However, a
greater lateral MS may indicate a greater risk of injury. The
PTS can differ between the genders but the average dif-
ference is small.

Level of Evidence Level II, prognostic study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

The PTS of the bony tibial plateaus frequently is mentioned
for its association to noncontact ACL injury [3, 18, 40, 45].
It is defined by a tangent line to the respective tibial plateau
and a line perpendicular to the longitudinal axis (LA) of the
tibial bone that averages 10° (£ 3°) on radiographs [9, 13,
16, 19]. The measure reportedly influences knee kinematics
[1, 17] and ligament function [41, 42, 44]. Dejour and
Bonnin reported for every 10° increase in PTS there is an
anterior tibial shift of 6 mm in a monopedal stance test
[13]. An experimental PTS increase (5°-20°) resulted in
anterior (2.1 mm—4.6 mm) and superior (1.6 mm-4.1 mm)
translation of the tibial plateau with respect to the femoral
condyles [1]. Some authors presumed that with greater
translation greater ligament loading occurred and placed
the ACL at greater risk with an increased PTS [13, 17, 44].
Thus, noncontact ACL injury was associated with a greater
PTS, but published data are contradictory [8, 17, 35, 41, 42,
44, 46, 47]. Although there was no ACL tension increase in
a biomechanical study [17], computer model data [41, 42]
support a positive association between ACL tension and a
greater PTS. There is incongruity between five clinical
studies [8, 21, 35, 46, 47] that concluded a greater risk for
noncontact ACL injury in patients with increased PTSs
(Table 1). The relationship to injury either was stated only
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Table 1. Review of studies comparing the PTS in patients with noncontact ACL injury and a control group

Study/(imaging method)
control group patients

Mean with + standard deviation or (range), significance level for each comparison of ACL injured and

PTS medial PTS lateral
ACL injury Control Significance ACL injury Control Significance
level level
Meister et al. [35] 1998 (LR) N =49 N =139 p = 0.67 na na
9.7° + 1.8° 9.9 + 2.1°
Brandon et al. [8] 2006 (LR) N = 100 N = 100 p < 0.001 na na
11.2 £+ 3.8° 8.5 +£3.0°
Stijak et al. [46] 2008 (LR + MRI) N = 33 N =33 p = 0.066 N =33 N =33 p < 0.001
52 +36 6.6 + 3.2 75 +34 44 £23
Todd et al. [47] 2010 (LR) N = 149 N =179 p = 0.003 na na
94 £+ 2.7° 8.5 £2.6°
Hashemi et al. [21] 2010 (MRI) N =49 N =255 p = 0.01 N =49 N =255 p = 0.005
6° (—2-14°) 5° (=3-10°) 9° (0-12°) 6° (0-14°)
Current study (MRI) N =55 N =55 p = 0.257 N =55 N =255 p = 0.292
47° £ 2.7 41 +28 5.6 +£29 49 + 32

LR = lateral radiograph, na = not assessed.

for the lateral plateau [46] or only for females [47].
Another study reported an association for the PTS in males
but it was missing for the female’s lateral PTS [21]. One of
these studies found no association [35]. Some of the
incongruity might result from a mismatch in patient
selection and how noncontact ACL injury was defined.
Another reason, which we suppose is even more important,
is the diversity of measurement methods. All of the refer-
enced data were assessed using different methods. The
medial and lateral PTSs in an individual are not necessarily
similar, and the variability among individuals is high [19,
25, 26, 46]. The greater the variability of a parameter
within a population, the broader will be the range of the
observed data. With different methods used to assess an
already variable parameter the natural variance is addi-
tionally intensified. When assessed on a lateral radiograph,
a high-degree measurement error can exacerbate the vari-
ability [16, 26]. It remains unclear whether noncontact
ACL injury is a result of a greater medial PTS, lateral PTS,
or both [6, 39, 43]. Regardless of which plateau is asso-
ciated with an injury risk, the menisci play a role in AP
knee stability and may modify this stability when injured
or resected [25, 36]. Analogous to the PTS, the MS is
the angle between a tangent line between the superior
meniscosynovial border of the respective meniscus and the
LA [25]. The posterior meniscal horn is thicker than the
anterior meniscal horn; therefore, the effect of the bony
PTS could decrease with a lesser MS or, vice versa,
increase with a greater MS [25, 28, 29]. We suppose that a
greater MS reduces AP knee stability analogous to a
resection or injury of the posterior meniscus. It is unclear
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whether an injury risk resulting from a greater PTS is
modified by the MS. Two recent studies [20, 47] link a
greater PTS to noncontact ACL injury in women, who
reportedly are at a greater risk for such injury than men
[18]. These data suggest gender-specific assessments of
the PTS and MS would be important. We presume
patients with injured ACLs have a greater PTS and MS
and a greater difference in PTS between the medial and
lateral plateaus when compared with the control group.
The purpose of this study was to address whether the PTS
and MS are associated with the risk for noncontact ACL
injury. A better knowledge of these parameters with
respect to the risk for injury can help to better address
surgical issues including preparation and aftercare in ACL
surgery. The data can help to better understand knee
biomechanics and particularly the mechanisms leading to
ACL injury.

We asked whether (1) the medial PTS, the lateral PTS,
or both, or the relative difference between the medial and
lateral PTS are associated with noncontact ACL injury,
(2) the MS is associated with the injury, and (3) gender
plays a role in whether the PTS or MS promotes the injury.

Patients and Methods

We retrospectively reviewed the MRIs of all 55 patients
(31 women, age 36 + 12 years; 24 men, age 32 + 9 years)
with noncontact, isolated injuries of the ACL with intact
menisci confirmed on MRI, seen from May 2002 until
February 2007. Patients with ACL injuries were recruited
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when injury occurred without opponent contact. Most of
the patients (66%) were injured during skiing. Twenty-six
percent were injured during pivoting sports (football,
handball). The others were injured during other activities
(eg, dancing). All patients were weightbearing during the
activity. However, most patients could not remember the
exact mechanism of injury and the extent of weight
which was on the leg during injury. The control group
consisted of 55 patients with anterior knee pain diagnosed
with patellofemoral pain syndrome (PFPS) for whom
MRI was completely normal (31 women, age 37.0 £ 11
years; 24 men, 32 £ 8 years). Classification criteria for
PFPS were adapted from those reported by Witvrouw
et al. [50]. The groups were matched for age, gender, and
site of injury. When patients from the control group had
PFPS in both knees, the respective site was chosen to
match the site from the injured patient. Patients with
implants, fractures, and tumors were excluded from fur-
ther investigation.

An a priori sample size power analysis was conducted
based on the data from a prior study on the method for PTS
measurement technique on MRI [23]. A sample size of
54 individuals for both groups was calculated to detect a
1.5° difference with a power of 0.94 at an a-error of 0.05.
The targeted primary outcome variable was set to 1.5°
because PTS differences reported in the literature range
from 0.9°-3.4° [8, 46, 47]. The typical errors for interob-
server and intraobserver variability related to the method
used herein are 1.4° and 1.2°, respectively [23].

Although lateral radiographs are better to assess the
medial PTS, they are inadequate for reliable and separate
PTS and MS assessment. Therefore, we used conventional
MRI scans of the knee, because they allow simple assess-
ment of each plateau separately and provide the possibility
to assess the MS reliably following a newly described
method [23]. MRI scans were obtained on a 1.5 Tesla MRI
scanner (Symphony, Siemens Medical Solutions, Erlangen,
Germany) using the following parameters: T1, coronal
plane, slice thickness: 3 mm for 170 x 138 mm, TE: 14—
16 ms, TR: 450 ms; intermediate weighted sagittal plane,
slice thickness: 3 mm for 180 x 143 mm, TE: 15, TR:
2700). The MRI slices were set manually by the radiolo-
gist, orthogonal to a line connecting the posterior femoral
condyles.

One of us (RH) made all measurements on the MRI as
previously described [23]. In this previous study, the reli-
ability of the measure was described with the typical error
(TE) suggested by Hopkins [22]. That error is closely
related to the limits of agreement suggested by Bland and
Altman [5], accepted as a method to assess the reliability of
a measurement. The advantage of the TE is its simple
conversion to a variance and its self-explanatory appear-
ance because it shows the variation in the values of

Medial femoral condyle

Tangent line to
meniscus

4 Tangentline to
bone

Medial tibial plateau

Fig. 1 A diagram of the scheme for assessment of the PTS and MS
on MRI is shown. The image shows the contours of a sagittal MR
image at the mediolateral center of the medial plateau. A tangent line
is drawn to the most superior anterior and posterior cortex edges of
the medial bony plateau. Accordingly, the superior anterior and
posterior meniscal borders mark the MS. The same procedure is
performed for the lateral plateau. The MRI-LA is defined by the
connection of two circles positioned in the proximal tibia as described
previously [23].

repeated measurements. The intraobserver and interob-
server TEs were 1.2° (confidence interval (CI), 1.2°-1.6°)
and 1.4° (CI, 1.1°-1.4°), respectively [23]. All images
were retrieved from our PACS system. Circles were
applied digitally with computer software (Pro Vision Web
4.1.0; Cerner Corporation, Kansas City, MO, USA),
which provided an infinite number of diameters and free
positioning. All measurements were positioned as an
overlay and remained in a fixed position on the complete
image series. The MS was defined in the same manner as
the PTS. A tangent to the superior edge of the menisco-
synovial border of the anterior and posterior meniscus on
the sagittal plane was chosen instead of the tibial plateau
cortices (Fig. 1).

The average PTS and MS angles are reported as mean
angles with upper and lower 95% CIs. A normal distribu-
tion of data was tested graphically and confirmed using the
Shapiro-Wilk W-test. An independent Student t-test was
performed to test whether the PTS and MS differed
between groups. Men and women were analyzed sepa-
rately. A logistic regression analysis was performed to test
whether ACL injury depended on the relative PTS differ-
ence between the medial and lateral PTSs. Data analysis
was conducted in October 2007. We used JMP v 6.0.0
(SAS Institute, Cary, NC, USA) for our analyses and
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G*Power v 3.0.8 [14] (Heinrich-Heine University,
Diisseldorf, Germany) for power analysis.

Results

The medial and lateral PTSs were similar (medial,
p = 0.2569, lateral, p = 0.2924) in patients with isolated
noncontact ACL injury and the control group (Table 2).

The lateral PTS was similar to the medial PTS in all
groups (men with ACL injury, p = 0.08, control,
p = 0.09; women with ACL injury, p = 0.11, control,
p = 0.23) (Table 2). The difference between the medial
and lateral PTSs ranged from —7.2° to +5.7° (mean,
—0.8° £ 2.7°) in patients with ACL injury and —7.9 to
+8.1° (mean, —0.8° £ 3.2°) in the control group. The
relative difference between the medial and lateral PTSs
was not associated with ACL injury (women, p = 0.99;
men, p = 0.93) (Fig. 2).

The lateral MS was greater (men, +4.7°; women, +2.8°;
p < 0.001) in all patients with ACL injuries compared with
the control group (Table 2). The differences between the
medial and lateral MSs ranged from —6.1° to 4+-6.6° (mean,
—0.5° £ 3.6°) in injured patients and —5.9° to +11.2°
(mean, 1.8° & 4.1°) in the control group.

Men and women with ACL injuries had no greater
medial and lateral PTSs when compared to those in the
control group (medial PTS, p = 0.12; lateral PTS,
p = 0.08). In contrast to men, there were only small PTS
differences (less than 1.0°) between women in the injured
and control groups. Women had a greater PTS and MS than
men on the medial plateau in the control group (women’s
medial PTS/MS, 4.9°/1.4° versus men’s, 3.0°/—1.6°,

p = 0.0145/0.0001; women’s lateral PTS/MS, 5.7°/—0.9°
versus men’s, 4.0°/—2.7°, p = 0.0515/0.1257) (Table 2).

Discussion

Some authors have suggested the risk for noncontact ACL
injury increases with a greater PTS [4, 8, 13, 35, 46].
However, the data are conflicting, perhaps owing to high
interindividual tibial plateau variability [19, 23-25, 46] and
imprecise measurement methods on lateral radiographs
[26]. Rotation of the tibial shaft in the xray beam may
evoke an error of as much as 14° and even at the ideal true
lateral position an error greater than 5° has been observed
[26]. It is unclear whether the MS [25] and gender differ-
ences [47] modify the kinematic effect of the PTS and
affect the risk for ACL injury. To better address whether
the PTS is associated with ACL injury, it is important to
separately identify the differences between the medial and
lateral tibial plateaus, and to use a reproducible method.
Both of these may be achieved with conventional MRI with
sufficient reproducibility [23]. We asked whether (1) the
medial PTS, the lateral PTS, both, or the relative difference
between the medial and lateral PTSs are associated with
noncontact ACL injury, (2) the MS is associated with the
injury, and (3) gender plays a role in whether the PTS or
MS promotes the injury.

We note limitations to our study. First, menisci are
mobile when the knee performs full ROM under body
weight [7, 48]. To mitigate this concern, we obtained MRI
scans with patients relaxed, supine, and with the knee in
extension. In this position, meniscal protrusion, which is
the protrusion of any part of the meniscus beyond the tibial

Table 2. Medial and lateral PTS and MS of patients with ACL injury and the control group

PTS and MS on MRI Control (n = 55)

Noncontact ACL injury (n = 55)

Medial plateau

Lateral plateau

Medial plateau Lateral plateau

PTS 4.1° (3.5°, 4.8°) 4.9° (4.1°, 5.8°) 4.7° (3.9°, 5.4°) 5.6° (4.7°, 6.4°)
#p = 0.0514 #p = 0.0173

Men 3.0° (1.9°, 4.2°) 4.0° (2.7°, 5.3° 4.3° (3.1°, 5.5° 5.3° (4.2°, 6.4°)
p = 0.0872

Women 4.9° (4.0°, 5.8°) 5.7° (4.5°, 6.9° 5.0° (4.0°, 5.7°) 5.7° (4.6, 6.9°)

b =0.0145 ¥ =0.0515

MS 0.1° (—=0.7°, 0.9%) —1.7° (=2.7°, —0.6°) 1.3° (0.5°, 2.1°) 1.8° (0.8°, 2.8°)
#p = 0.0024 p < 0.0001

Men —1.6° (—2.8°, —0.5°) —2.7° (—4.2°, —1.2°) 0.7° (—0.4, 1.99) 2.0° (0.5°, 3.5°
p = 0.0047 p < 0.0001

Women 1.4° (0.5°, 2.4°) —0.9° (—2.4°, 0.6°) 1.7° (0.8°, 2.7°) 1.7° (0.2°, 3.2°)
p = 0.0001 #p = 0.0030 p = 0.0177

PTS = posterior tibial slope; MS = meniscal slope; the numbers in parenthesis represent the 95% confidence interval; * = significantly different

from medial; ¥ = significantly different from men’ '
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Fig. 2A-B Logistic regression plots for (A) women and (B) men
show the likelihood of ACL injury on the left ordinate, relative to the
difference between the medial and lateral PTSs shown on the x-axis.
Data points of all matched pairs of patients are plotted. The central
line is the calculated logistic regression line, which remains
approximately at 0.5 over the whole range of differences on the
x-axis. ACL injury was not associated with the relative difference
between the medial and lateral PTSs in women (p = 0.99) or in men
(p = 0.93).

plateau, is presumed to be eliminated as it primarily occurs
under full body weight and full ROM [7]. To further
address this issue, dynamic meniscal monitoring is
required, which is difficult in vivo under loading condi-
tions. Even the imaging position for a patient standing
upright in an open MR scanner does not entirely reflect
normal weightbearing conditions [30, 32]. The posterior
meniscal horn may be pushed posterior on the tibial plateau
owing to anterior subluxation of the tibia after ACL rupture
[30-32]. Therefore, a different MS can be interpreted as a
result of the injury rather than a risk factor. We suppose
this effect would be low because no differences in menis-
cotibial translation apparently occur between ACL injured

and healthy knees at different flexion angles and muscle
activity [49]. There was no radial expansion of the menisci
observed until 1000 N axial joint compression [10]. Sec-
ond, our control group consisted of patients with PFPS. We
cannot exclude the possibility the pain has directly or
indirectly been generated by an abnormal PTS instead of a
disorder associated with PFPS. However, we could not
obtain MRI scans of asymptomatic, normal knees. We do
suspect the PTS/MS would have no bearing on PFPS.
Third, injured patients were selected when opponent con-
tact was not present. Most patients had a skiing injury.
However, the patients were not able to exactly remember
the mechanism of injury or to what extent they were
weightbearing. This information is difficult to obtain in a
complex environmental setting in which injury usually
occurs [2, 18]. Fourth, patients were not matched for
height, weight, and frequency of physical activity which
placed them at risk for ACL injury. These variables may be
confounding to our data. It has been postulated that an
increased body mass index would result in a more extended
lower extremity position with decreased knee flexion
on landing [18]. However, the relative mass which is
calculated from weight and height was not concluded as a
risk factor in a literature review of articles from 1985 to
2008 [2].

We found that neither the medial and lateral PTSs, nor
the relative difference between the medial and lateral
PTSs, were different between patients with noncontact
ACL injury when compared with the control group. Meister
et al. [35], who studied the medial PTS on radiographs, also
found no association to ACL injury. In contrast, Brandon
et al. [8] and Todd et al. [47] reported injured patients to
have 4-2.7° and 4-0.9° greater medial PTSs than a control
group with patellofemoral pain, respectively. It is of pri-
mary importance to establish a robust tibial LA because
each following measure will depend on this axis [9].
Brandon et al. [8], however, modified the standard tech-
nique described by Dejour and Bonnin [13] and used 5 cm
instead of 10 cm interspace between the two points needed
to determine the LA, which may have led to a greater
variability. The difference reported by Todd et al. [47] is
very small and we question whether 0.9° is reproducibly
assessable. The interobserver and intraobserver variability
for lateral radiographs were described with typical errors of
1.0° and 0.9° for the medial plateau, respectively [23]. We
question whether such a small difference is relevant
regarding the broad range of PTS variability reported in the
literature [8, 11, 12, 20, 25, 26, 34, 35, 46, 47], particularly
regarding the fact that Todd et al. found only females to
have different values from the control group [47]. Although
some studies relied on the use of the medial PTS, Stijak
et al. [46] focused on the lateral PTS and reported only a
greater lateral PTS promotes injury. However, they also
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found a greater medial PTS in the control group versus the
injured group which contradicts the data of three other
studies [8, 21, 47]. Stijak et al. [46] hypothesized that,
under normal loading conditions, patients with a greater
lateral PTS may have greater internal rotations of the lower
leg. The resulting internal rotation stresses the ACL and
may increase the injury risk [27]. Although patients with
ACL injuries had no PTS difference when compared with
the control group, we cannot refute the hypothesis of Stijak
et al. [46], who concluded that a greater lateral PTS may
put greater stress on the ACL. This is consistent with the
trend for a greater lateral PTS in men with ACL injuries in
our series. However, it is unclear why such a difference
was not observed among women. A similar inconsistency
was reported by Hashemi et al., in which the male’s medial
PTS was associated with injury but not the female’s [21].
They also observed an increased medial tibial plateau depth
in conjunction with an increased PTS in patients with
noncontact ACL injuries and concluded an increased
medial plateau depth as an important risk factor (odds ratio,
3.03), followed by the medial (odds ratio, 1.18) and lateral
(odds ratio, 1.17) PTSs [21]. However, the differences
between the injured patients and the control group were
1.5° for both plateaus and 0.9° for the medial plateau depth
[21]. We do not share their conclusion. The reported
average differences found on MRI were too small to satisfy
the criteria of a relevant and evident difference with respect
to the standard deviations and disparity of data reported in
the literature.

We suspect some of the apparent conflict in the litera-
ture arises from imprecise measurement techniques. Some
variability likely reflects the variability of the various
methods used to assess the PTS. However, sufficient
reproducibility and a high resolution are necessary to
appropriately detect even small differences. Stijak et al.
[46] used MRI to assess the medial and lateral PTSs sep-
arately, but the tibial longitudinal axis was obtained on a
separate radiograph of the same knee and transferred
manually on a foil to the respective MR image series. We
have several concerns regarding the reproducibility
reported by Hashemi et al. [20]. First, the intraobserver
variability measures were conducted on only 15 subjects.
They provided no information regarding the interobserver
variation. The intraclass correlation coefficient between
independent measures was reportedly 0.88. However, the
intraclass correlation coefficient was not independently
documented for each variable and it was not stated which
intraclass coefficient was used [20]. The use of correlation
coefficients is a sensitive subject in comparative statistics
because choosing a different coefficient may result in dif-
ferent values for the same data set, even under the same
sampling theory [37]. We suppose the “limits of agree-
ment” suggested by Bland and Altman [5] or the “typical
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error” suggested by Hopkins [22] are more appropriate to
display the variance of a measure. The longitudinal refer-
ence axis on the tibial bone has been described by two
points approximately 4 to 5 cm apart in the middle of the
sagittal orientation of the bone and the description of
landmarks is insufficient. We believe [23] that 1 cm dis-
tance between these two points and imprecise definition of
cortical landmarks (inner or outer cortical border) expose
this axis to great variation. Also, the joint position on the
MR image window was not defined. With a differently
imaged length of the tibial bone the reference points vary
regarding the bone. We question whether the longitudinal
axis is reproducible with sufficient reliability on sub-
sequent images.

With increasing relative difference between the medial
and lateral PTSs the likelihood for ACL injury did not
increase (Fig. 2). The suggestion that a greater relative
difference between the medial and lateral PTSs gains
rotational moment for the lower limb and stresses the ACL
[27, 33] cannot be supported with our data.

In contrast to the PTS, patients with ACL injury had a
greater lateral MS. Jenny et al. [25] presumed the kine-
matic effects of the PTS may be compromised by the
menisci and stated that the MS may better reflect knee
kinematics and AP stability in terms of an anatomic vari-
able than the PTS. The menisci resist against sagittal forces
and guarantee a certain stability with a function similar to
the ACL [36]. As the posterior meniscal horn is thicker
than the anterior, the MS is almost perpendicular to the
tibial longitudinal axis and may counteract the posterior
inclination of the PTS [25]. The posterior meniscal horn
acts like a wedge between the posterior femoral condyle
and the posterior tibial plateau [36]. When this posterior
wedge is decreased relative to the anterior, the MS
increases and the AP excursion of the femoral condyle may
gain, in respect to the tibial plateau, and stress the ACL.
We observed a greater lateral MS (4 3.5°% p < 0.0001) in
the patients with ACL injuries, which leads to the sug-
gestion that a greater lateral MS is associated with a greater
risk for noncontact ACL injury. In contrast, the pooled
medial MS was not greater in the injured patients which is
consistent with biomechanical data [38]. The lateral
meniscus is reportedly a more important restraint to ante-
rior tibial translation than the medial meniscus [38]. We
hypothesize the lateral meniscus is a relevant variable in
the injury mechanism. A decreased MS may represent a
restraint to tibial AP translation whereas an increased MS
may increase the injury risk. Therefore, in ACL surgery it
may be beneficial to preserve particularly the lateral
meniscus or to reconstruct it to improve sagittal stability
and prevent the progression of osteoarthritis. However,
better detection of the MS under in vivo conditions is
required to better address this issue.
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We found uninjured women had a greater PTS and MS
than men. There is conflict with respect to the literature
regarding this point. Two in vitro studies [12, 51] on 105
and 31 subjects and two radiographic studies [8, 47] found
no differences for the PTS between the genders, respec-
tively. Although Todd et al. [47] reported only women with
ACL injuries, and not men with injuries, had a greater PTS
(+1.6°), a direct comparison revealed the PTS to be similar
between the genders. In contrast, Hashemi et al. [20]
reported females to have + 2.2° greater medial and + 1.6°
greater lateral PTSs than males. These data reflect our
findings in which females had +1.9° and +1.7° more PTSs,
respectively. We may speculate that the custom-made
devices used in the in vitro studies or the lateral radio-
graphs may have been insufficient to detect the differences
seen on MRI. On radiographs only the medial PTS is
sufficiently assessed [13] whereas MRI provides data for
both PTS plateaus [20, 23]. Neither Hashemi et al. [21] nor
we found any gender difference of any of the measured
variables between the injured patients. One may ask why
there is a gender difference only in the control group?
Hashemi et al. suggested both genders may share the same
“high-risk tibial geometry” and concluded there is an
increased prevalence for an increased PTS in a female
population [20, 21]. We disagree with this because we
observed similar PTSs between the injured patients and the
control group. When a female population has an increased
prevalence for a greater PTS, as stated by Hashemi et al.
[20], the difference should appear in injured patients and in
control subjects. This was not the case in their [21]
observation or in ours. There is no obvious reason why
both studies observed a gender difference only in uninjured
subjects. Their inclusion criteria were similar to those in
our study but they did not state the conditions of the visit
and how the subjects in the control group were recruited.
Therefore, we may not exclude confounding through
patients with PFPS. Although we speculate a patellofem-
oral disorder is unlikely to be associated with a greater PTS
[50], this finding needs further study, particularly regarding
the much greater incidence of PFPS in females [15].

We found no evidence that the PTS is associated with
noncontact ACL injuries. In contrast, a greater lateral MS
may act as an anatomic risk factor. To better address this
issue, in vivo testing is needed. The average gender dif-
ferences were small and may not represent a clinically
relevant observation with respect to the variability and
inconsistency to published data.
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