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Abstract

Purpose Previous research has demonstrated that women
have a higher risk of anterior cruciate ligament (ACL) injury
than men. Tibiofemoral articular geometry may play a role
in the occurrence of ACL tears. The purpose of this study
was to analyze the gender-specific geometric characteristics
differences in tibiofemoral morphology in ACL-deficient
patients.

Methods Medial tibial slope (MTS), lateral tibial slope
(LTS), medial tibial plateau concavity, medial and lateral
femoral condyle convexity, and lateral plateau convexity
were analyzed in 276 patients with complete ACL injuries
(138 females and 138 males). Two blinded observers meas-
ured the anatomical parameters of tibiofemoral geometry
with use of multiplanar CT scans. Intra- and inter-rater reli-
abilities were assessed and comparisons between anatomic
measures were made between male and female patients.
Results The average ICC for all measurements was 0.90
(range 0.83-0.97) indicating good reliability. Male ACL
injured patients demonstrated significantly greater LTS
(10.5°+2.8) than female patients (9.6° +3.5°; p <0.05).
No gender difference in MTS was found (n.s.). Medial and
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lateral femoral condyle convexity and medial tibial plateau
concavity were greater in males than females (all p <0.05).
Lateral tibial plateau convexity in females was higher than
in males (p <0.001). The medial and lateral compartments
were found to be more incongruent in females than males
(»<0.01 and p<0.001, respectively).

Conclusions Female patients were noted to have more
incongruent medial and lateral compartments than male
patients. These gender-specific differences in joint morphol-
ogy may contribute to graft tear risk and outcomes of ACL
reconstruction; however, comparative clinical studies are
needed to confirm this possibility.

Level of evidence 3.

Keywords ACL injury - Tibiofemoral geometry -
Tibiofemoral congruency - Gender-specific morphology

Abbreviations

ACL Anterior cruciate ligament
MTS Medial tibial slope

LTS Lateral tibial slope
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CT Computerized tomography

ICC Intra-class correlation

MRI Magnetic resonance imaging

IKDC International knee documentation committee

PACS Picture archiving and communications system

FOV Field of view

DICOM Digital imaging and communications in
medicine

MPR Multi-planar reconstruction

PTAA Proximal tibial anatomic axis

MPL Medial tibial plateau length

LPL Lateral tibial plateau length

MCL Medial femoral condyle length

LCL Lateral femoral condyle length

MCR Medial compartment ratio

LCR Lateral compartment ratio

MCH Medial femoral condyle height

LCH Lateral femoral condyle height

MPH Medial tibial plateau height

LPH Lateral tibial plateau height

MCC Medial condyle convexity

LCC Lateral condyle convexity

MPC Medial plateau concavity

LPC Lateral plateau convexity

MC Medial femorotibial congruency

LC Lateral femorotibial congruency

SD Standard deviation

mm Millimeters

CI Confidence interval

Introduction

Although the pathophysiology of anterior cruciate ligament
(ACL) rupture is still incompletely elucidated, this risk
appears to be multifactorial, including a combination of ana-
tomical, hormonal, genetic, positional, neuromuscular and
environmental factors [2, 10, 16]. Patient weight and height
[40], the size and depth of the intercondylar notch [22], the
diameter of the ACL [6], the magnitude of tibial slope [4,
37, 46], the volume of the tibial spines, the convexity of
the lateral tibiofemoral articular surfaces, and the concavity
of the medial tibial plateau [14] have been associated with
ACL rupture. Moreover, there appears to be a specific influ-
ence of female gender on these risk factors [14, 17, 26], but
relationship between sex and anatomic parameters as a risk
factor for ACL injury has not been evaluated. A higher risk
of non-contact ACL tear has been shown in women with an
incidence two to five times noted in men [1, 10, 45] and a
previous study has shown a 33.7% greater risk of subsequent
contralateral ACL reconstruction in female patients [35].
Widespread use of MRI [11, 25] and CT scans [28, 30,
31, 47] in the evaluation of ACL injuries has allowed a more
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detailed analysis of three-dimensional tibiofemoral joint
morphology. Increased posterior tibial slope appears to be an
important risk factor for ACL tears [4, 39], although contro-
versy remains [17, 27, 37]. A greater medial or lateral tibial
slope, a low concavity of the medial tibial plateau [14], more
convex lateral articular surfaces, as well as a narrow lateral
tibial plateau [43] have been identified as risk factors for
ACL rupture. However, these risk factors differ significantly
between males and females [14, 38] and may be confounded
in analyses that do not stratify by sex. Sturnick et al. [38]
insisted on the need for independent analysis in individu-
als of both sexes and pointed out that female representation
in these studies is rarely equivalent to male representation.
Similarly, variables that have a large effect on risk in only
one sex may erroneously appear to have an effect on both
sexes in aggregate analyses.

Few studies have attempted to identify risk factors for
ACL rupture specifically for individuals of both sexes. Wahl
et al. [43] reported a higher risk of ACL tear in men with
greater lateral convexity of the femoral condyle or lateral
tibial plateau, or a greater narrowness of the lateral plateau.
These findings were not found in women. Hohmann et al.
[17] were able to show in a large series of 544 patients the
influence of the posterior—inferior tibial slope on ACL rup-
ture only in women.

To our knowledge, no study has included a three-dimen-
sional combined analysis of femoral and tibial bone geom-
etry of both tibiofemoral compartments based on sex. The
goal of this study was to evaluate the sagittal tibiofemoral
articular geometry in a cohort of male and female patients
with a first ACL rupture using CT scans to assess gender-
specific differences. It was hypothesized that female patients
would demonstrate more incongruent medial and lateral tib-
iofemoral compartments than male patients. These differ-
ences in joint geometry may contribute to ACL injury risk.

Materials and methods

This retrospective study included a series of patients who
underwent primary ACL reconstruction at our center
between 2012 and 2016 who then underwent a postopera-
tive knee CT scan. Subjects were included if they had no
additional ligament injuries, no cartilage injuries or frac-
tures. Patients were excluded if they had moderate or severe
knee osteoarthritis (IKDC grade C or D). All subjects were
skeletally mature with a complete ACL tear. None of the
subjects had undergone previous knee surgery.

Evaluation methods

CT scans were performed postoperatively, as a routine
examination when possible (initially for the evaluation of
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the positioning of femoral and tibial tunnels after ACL
reconstruction), and analyzed in our Institutional Picture
Archiving and Communications System (PACS, Centric-
ity, GE Healthcare, Waukesha, WI). All examinations were
carried out in the same institutional radiology department.
The images were acquired in axial sections from which
reconstructions in the coronal and sagittal planes were car-
ried out by an experienced orthopaedic surgeon. No post-
operative artifacts degraded the quality of CT scans. The
distal femoral and proximal tibial epiphyseal regions were
analyzed in three dimensions. The tests were carried out on
CR-Brillance equipment CT 64 using a volume acquisition
technique without injection (thickness 0.67 mm; increment
0.33 mm; 140 kVp; MAs 300 ; high resolution; no auto-
matic dose modulation; collimation 16 X 0.625 mm; pitch
0.435; rotation 0.75 s/rev; FOV 250 mm).

All images were analyzed using the image process-
ing software (Philips® Intellispace Portal 7.0, Haifa,
Israel) after import in DICOM format. Image processing
was done in the CT Viewer in MPR mode, with double-
obliquity image processing techniques. Treatment of the
acquisitions was done after positioning of the tibia in
three dimensions (Fig. 1): an axial plane passing through
the center of the medial (point A) and lateral (point B)
tibial plateaus (plane 1) controlling rotation of the tibia, a
coronal plane including the longitudinal anatomical axis
(plane 2), and a sagittal plane through the proximal tibial
anatomic axis (PTAA, plane 3). Measurements of the dis-
tal femoral epiphysis were made with respect to the tibia-
defined cutting planes.

CT measurements were performed using the tools in
PACS. The measuring instrument in the software was
used to define angles to within 0.1° and lengths to within
0.1 mm for measured distances.

Fig. 1 Positioning of the tibia
in the three planes of space.
Axial plan 1 passing through
the center of the medial (point
A) and lateral (point B) tibial
plateaus; coronal plan 2 pass-
ing through the longitudinal
anatomical axis; sagittal plan
3 passing through the tibial
proximal anatomical axis

Sagittal geometry evaluation

All measures used subchondral bone as a reference. A wide
scanning method which applied several consecutive cuts
made it possible to consider on the same image the simul-
taneous reconstruction of at least 25 images (a minimum of
15 mm) of bone.

The tibial slope evaluation was based on the radiologi-
cal work of Bonnin et al. [7] and the CT scan evaluation of
Kessler et al. [20], using the proximal tibial anatomic axis
(PTAA), which has been shown to be strongly correlated
to the mechanical tibial axis [5, 41, 44] and has been used
by the American Knee Society [8]. The first step was to
determine the PTAA by connecting two equidistant points
of the anterior and posterior tibial cortices, one just under
the anterior tibial tuberosity and a second 10 cm more distal.
The wide scan allowed visualization of the entire anterior
and posterior cortices on the same image, creating a real
three-dimensional reconstruction. The previously defined
PTAA was then applied to both the medial and lateral tibial
plateaus on a mid-sagittal section (Fig. 2). The wide scan-
ning method provided visualization of the entire bone relief
on the same image by superimposing multiple adjacent cuts
on both sides of the sagittal plane passing through the center
of each plateau.

Medial tibial slope (MTS) was defined by the angle
formed between the PTAA and the line joining the most
proximal points of the anterior and posterior margins of the
upper medial tibial plateau (Fig. 3). The value of the poste-
rior slope corresponded to the difference between the angle
obtained and the perpendicular to the PTAA. A posterior
inclination was assigned a positive value, while an anterior
inclination was assigned a negative value, according to con-
vention [7, 9].
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Fig. 2 Measurement of the medial and lateral tibial slopes. Determination of the proximal tibial anatomical axis, PTAA (a). Broad sweeping
acquisitions at the medial (b) and lateral (c) tibial plateaus for the measurement of the medial and lateral tibial slopes, respectively

Fig. 3 The medial tibial slope. In the medial compartment, determi-
nation of the medial tibial slope (MTS) using the proximal tibial ana-
tomical axis (PTAA)

The same methodology was reproduced for the lateral
compartment. The angle formed by the line joining the
most anterior and posterior point of the subchondral sur-
face and the perpendicular to the PTAA determined the
lateral tibial slope (Fig. 4).

For the following measures, the methods of Wahl et al.
[43] was used with simplification of the technique in order
to describe the convexities or concavities of the articular
surfaces.

— Anterior—posterior medial tibial plateau length (MPL)
and lateral tibial plateau length (LPL).

The maximum anterior—posterior articular length of the
medial and lateral tibial plateaus were defined by the anat-
omy of each plateau (top of the concavity for the medial
tibial plateau, base of the convexity for the lateral one) and
were measured as the distance between the most anterior
and posterior margins of the tibial plateau subchondral
bone.

@ Springer

Fig. 4 The lateral tibial slope. In the lateral compartment, determina-
tion of the lateral tibial slope (LTS) using the proximal tibial anatomi-
cal axis (PTAA)

— Anterior—posterior medial (MCL) and Lateral (LCL)
femoral condyle lengths.

For each medial or lateral compartment, the maximum
anterior—posterior length of the femoral condyle was meas-
ured on a sagittal reconstruction. It was defined as the great-
est distance between the anterior and posterior articular sur-
faces of each condyle. The measurement technique used in a
previous study by Musahl et al. [29] was used in which the
distance between the junction point between femoral con-
dyle and front trochlea and the point in the middle of the
posterior articular condylar surface was measured.

Men have larger absolute anatomical measurements than
women. Therefore, in addition to calculating absolute values
for femoral condyle and tibial plateau lengths, ratios of the
femur size relative to the tibia in the medial and lateral com-
partments were also calculated. These measurements were
reported as the medial compartment ratio (MCR =MCL/
MPL) and lateral compartment ratio (LCR =LCL/LPL).
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For each of the maximal anterior—posterior lengths previ-
ously described, a perpendicular line was created between
the line used to measure the length of the surface and the
most distant subchondral bone. The length of this line was
defined at the height of each osseous element: medial femo-
ral condyle height (MCH), lateral femoral condyle height
(LCH), medial tibial plateau height (MPH), and lateral tibial
plateau height (LPH). The concavity or convexity of each
element was described by the ratio of this vertical line to
its anterior—posterior length, with higher values signifying
increased convexity or concavity.

Femoral condyle convexities (medial condyle convex-
ity, MCC =MCH/MCL and lateral condyle convexity,
LCC=LCH/LCL), and tibial plateau concavity (medial
plateau concavity, MPC = MPH/MPL) or convexity (lateral
plateau convexity, LPC=LPH/LPL) were considered.

The global articular congruence of the medial compart-
ment (medial congruency, MC) was calculated as the sum of
the medial femoral condyle convexity (MCC) and the medial
tibial plateau concavity (MPC) (Fig. 5). Because these two
variables moved in the same direction, a lower overall value
defined lower medial articular congruency, and a higher
overall value defined higher medial articular congruency.

The global articular convexity of lateral compartment
(lateral congruency LC) was similarly calculated by adding
the lateral femoral condyle convexity (LCC) and the lat-
eral tibial plateau convexity (LPC) (Fig. 6). A higher value

Fig. 5 Global medial tibiofemoral joint congruency. It was appre-
hended by the sum of the medial femoral condyle convexity (medial
condyle height MCH/medial condyle length MCL) and the medial
tibial plateau concavity (medial plateau height MPH/medial plateau
length MPL)

LCL
| =5797.78mm

Fig. 6 Global lateral tibiofemoral joint congruency. It was appre-
hended by the sum of the lateral femoral condyle convexity (lateral
condyle height LCH/lateral condyle length LCL) and the lateral tibial
plateau convexity (lateral plateau height LPH/lateral plateau length
LPL)

corresponded to lower lateral congruency with more convex
joint surfaces.

This study was approved by the institutional review board
of the Hospices Civils de Lyon and the protocol number for
this approval was 2016-037.

Statistical analysis

Statistical analyses were performed by the Laboratory of
Biostatistics at our institution using R software (version
3.1.1, Copyright © 2014 The R Foundation for Statistical
Computing Platform). A value of p <0.05 was considered
statistically significant. The normality of the different vari-
ables variances was checked by Kolmogorov—Smirnov tests.
Continuous variables were expressed as mean =+ standard
deviation. Student’s ¢ tests for independent samples were
used to compare parametric variables and Mann—Whit-
ney—Wilcoxon tests were used for comparison of non-
parametric variables. Linear correlations used Pearson
correlations.

CT scan measurement reliability
To assess the reproducibility of the different measure-
ments, intra-class correlations (ICC) were calculated. An

ICC value greater than 0.9 was considered excellent and a
value between 0.9 and 0.8 was considered good [15, 21].
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Intra-observative variability was assessed by the same
surgeon re-measuring an arbitrarily set random sample
of 50 patients 2 weeks after the initial analysis of all 276
CT scans. An independent radiologist measured CT scans
from another arbitrarily set random sample of 50 patients
to determine inter-observer variability.

Results

Seven hundred and eighty-six patients underwent ACL
reconstruction at our institution during the inclusion
period, including 456 men (58%). 355 post operative CT
scans were available, including 138 female CT scans,
which were matched at random to 138 scans of male
patients who met the inclusion and exclusion criteria.
Mean age at surgery was 32 + 12 years. Mean time from
injury to operation was 19 + 37 months. The injury was
sports related in 88% of the cases. Skiing was the larg-
est cause of ACL tears (29%), followed by soccer (22%).
Mean body mass index was 24 + 3.6 kg/m?>. Pre-recon-
struction IKDC grade was C or D in 81% of patients in the
cohort. Median pre-injury Tegner score was 7.

The reproducibility of the measurements after recon-
struction of the tibial and femoral bone segments in dedi-
cated image processing software was good to excellent,
with ICCs between 0.83 and 0.97 (Table 1). The average
ICC for all measurements was 0.90.

Concerning sagittal geometry, mean medial tibial slope
was 9.8° +2.8° and mean lateral tibial slope 10.1° +3.2°
(n.s.). Medial tibial slope was similar in males and
females (n.s.), while lateral tibial slope was significantly
greater in males (p =0.02). Women had smaller absolute
anatomical measurements than men in sagittal analy-
sis. These measurements were strongly correlated with
patient size (p <0.001). However, the correlation coef-
ficients found were lower for women, ranging from 0.5
to 0.6, while the coefficients were between 0.8 and 0.9
for men. The tibiofemoral ratios were not correlated with
patient size, either in the overall population or in a strati-
fied gender analysis. Anterior—posterior length ratios for
medial and lateral compartment were greater in females
than in males (p =0.01 and p =<0.001, respectively).
Tibiofemoral geometric characteristics are summarized
in Tables 2 and 3.

Women exhibited lower medial (p =0.03) and lat-
eral (p <0.01) femoral convexities and lower medial
tibial concavity (p <0.01) than men. Overall, women
had a lower medial tibiofemoral congruency than men
(» <0.01) and lateral tibial convexity was about 1.5 times
greater than males (p <0.001).

@ Springer

Table 1 Intra- and Inter-observer reliability of articular geometry

Parameter Analyses Mean (SD) ICC (95% CI)
MTS (°) Reviewer 1
Analyse 1 9.7 (2.9) 0.97 (0.94-0.99)
Analyse 2 9.8 (2.8)
Reviewer 2 10.3 (3.2) 0.91 (0.83-0.96)
LTS (°) Reviewer 1
Analyse 1 10.4 (3.2) 0.94 (0.89-0.97)
Analyse 2 10.1 (3.2)
Reviewer 2 10.7 (3.4) 0.88 (0.82-0.93)
MPC Reviewer 1
Analyse 1 0.07 (0.02) 0.94 (0.84-0.96)
Analyse 2 0.07 (0.02)
Reviewer 2 0.07 (0.02) 0.87 (0.81-0.92)
MCC Reviewer 1
Analyse 1 0.34 (0.03) 0.90 (0.83-0.94)
Analyse 2 0.33 (0.03)
Reviewer 2 0.32 (0.04) 0.85 (0.78-0.91)
LPC Reviewer 1
Analyse 1 0.06 (0.04) 0.92 (0.85-0.96)
Analyse 2 0.07 (0.04)
Reviewer 2 0.07 (0.04) 0.83 (0.76-0.86)
LCC Reviewer 1
Analyse 1 0.33 (0.03) 0.92 (0.86-0.95)
Analyse 2 0.33 (0.03)
Reviewer 2 0.34 (0.04) 0.86 (0.79-0.91)

SD standard deviation, ICC intra-class correlation, CI confidence
interval, ° degree, MTS medial tibial slope, LTS lateral tibial slope,
MPC medial plateau concavity, MCC medial condyle convexity, LPC
lateral plateau convexity, LCC lateral condyle convexity

Table 2 Medial geometry measurements

Parameter Gender Mean SD Range p value

MTS (°) Male 9.8 2.7 3.2-15.7 n.s
Female 9.8 2.8 3.6-18.8

MCL (mm) Male 65.4 4.2 52.9-72.6 <0.001
Female 59.3 3.6 50.8-70.2

MPL (mm) Male 41.6 32 29.8-48.3 <0.001
Female 36.9 2.8 30.2-43.7

MCR Male 1.58 0.11 1.35-2.05 0.01
Female 1.61 0.12 1.29-1.97

MCC Male 0.34 0.03 0.26-0.42  0.03
Female 0.33 0.03 0.26-0.41

MPC Male 0.07 0.02 0.03-0.11 <0.01
Female 0.06 0.02 0.01-0.11

MC Male 0.41 0.04 0.32-0.50 <0.01
Female 0.40 0.03 0.31-0.47

SD standard deviation, ° degree, mm millimeters, MTS medial tibial
slope, MCL medial condyle length, MPL medial plateau length, MCR
medial compartment ratio, MCC medial condyle convexity, MPC
medial plateau concavity, MC medial femorotibial congruency
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Table 3 Lateral geometry measurements

Parameter Gender Mean SD Range p value

LTS (®) Male 10.5 2.8 2.6-16.7 0.02
Female 9.6 3.5 2.0-21.8

LCL (mm) Male 68.2 33 59.4-75.4 <0.001
Female 61.5 4.2 31.9-74.6

LPL (mm) Male 35.0 3.4 24.5-43.7 <0.001
Female 29.5 29 22.2-37.3

LCR Male 196 0.18 1.57-243 <0.001
Female 2.10 023  0.99-2.71

LCC Male 033 0.02 0.28-041 <0.01
Female 032 004 0.23-0.63

LPC Male 005 004 —-0.07t00.14 <0.001
Female 0.08 004 —-0.03t00.17

LC Male 038 0.05 0.25-0.49 <0.001
Female 0.40 005 0.24-0.59

SD standard deviation, °© degree, mm millimeters, LTS lateral tibial
slope, LCL lateral condylar length, LPL lateral plateau length, LCR
lateral compartment ratio, LCC lateral condyle convexity, LPC lateral
plateau convexity, LC lateral femorotibial congruency

Discussion

The most important findings of this study were that in an
ACL-injured population, females did not have higher pos-
terior tibial slope than males, but showed more incongru-
ency in their lateral tibiofemoral compartments. These dif-
ferences, in association with decreased congruency of the
medial compartment, likely contribute to increased risk of
pathologic anterior translation of the lateral tibial plateau
and subsequent higher risk of ACL rupture in females.

The findings of this study with regard to posterior tibial
slope further contribute to a contradictory group of prior
studies. Brandon et al. [4], in a radiological analysis of 100
ACL-deficient patients (66 men and 34 women), found no
significant difference between men and women concern-
ing the posterior—inferior tibial slope and showed similar
findings in a group of 100 patients with patellofemoral pain
syndrome (49 men and 51 women). In contrast, Hashemi
et al. [13] in 2008 performed an MRI analysis of 55 patients
without ACL injury and reported greater medial and lateral
posterior tibial slopes in women than in men. In 2010 this
same author [14] evaluated 49 ACL-injured patients and
found no differences in medial or lateral slope or concavity
of the medial tibial plateau based on sex.

The results of the current study regarding the size of the
femoral condyles and tibial plateau were consistent with
the recent literature. Wahl et al. [43] found mean values
of anterior—posterior lateral condylar length of 71.1 and
65.5 mm, lateral tibial plateau length of 33 and 29.5 mm,
and sagittal femoral-tibial ratio of 2.20 and 2.22, in 101
men and 72 women, respectively. We similarly observed

this significantly greater femoral—tibial disproportion in the
sagittal plane in women compared to men. A “bulky” femur
facing a “narrow” tibial plateau in the sagittal plane could
promote greater tibiofemoral instability.

In addition to the effects of slope and tibiofemoral ratio,
the relative congruence of the medial and lateral compart-
ments may also contribute to increased risk of ACL rup-
ture in. In our study, women had a less congruent medial
tibiofemoral compartment than men, with a lower medial
femoral convexity and a lower medial tibial concavity. Con-
cerning the lateral tibiofemoral compartment, women had
a larger relative tibial convexity than men (about 1.5 times
greater), whereas their femoral condyle appeared flatter.
The overall congruence of this compartment was smaller in
women, with a higher cumulative convexity than that noted
in men.

These convexities were relative, taking into account
anteroposterior tibial and femoral lengths, in contrast to
Hashemi et al. [13] who found no significant difference
based on sex between absolute convexity values. Wahl et al.
[43] observed a shorter lateral condylar and tibial plateau
radii of curvature in women, in favor of greater convexity
of these anatomical structures in female patients with ACL
rupture. This difference in convexity was found only at the
level of the lateral tibial plateau. The technique of measur-
ing the radius of femoral curvature according to a Fibonacci
turn used by Wahl et al. was different and could increase the
convexity of the external femoral condyle by considering
the height of the condyle at the point of contact between the
femur and the tibia, including the chondral thickness (MRI
acquisitions). Our CT-based method allowed us to analyze
only the subchondral surface.

The results of this study show that female articular anat-
omy is more prone to include specific factors that may lead
to higher risk of anteroposterior and rotational instability
and thus potential rupture of the ACL. While the influence of
an excessive tibial slope on anterior and rotational laxity has
been widely evaluated and confirmed [7, 32, 36], low joint
congruence may also be a contributor to “at risk” anatomy
for ACL injury. Very few studies to date have analyzed the
influence of tibiofemoral congruency on the anterior tibial
translation and rotational laxity. Further studies on the cor-
relation between articular geometry and anterior laxity are
needed.

Major strengths of this work are the size of the cohort
and the equal number of males and females in the study.
This is the first study with an equal proportion of individu-
als of both sexes, making the statistical analysis stronger.
Further, the reproducibility of CT-based measurements was
good to excellent. The majority of previous studies used
images acquired via MRI to describe knee joint geometry,
subjectively determining for each compartment a sagittal
cut passing through the center of the compartment [3, 13,
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14, 23, 43] because 3D reconstruction is not generally avail-
able for MRI. To avoid this measurement bias, we chose to
perform a wide scan in a multiplanar mode, accounting for
the global geometry by superimposing many adjacent cuts.
A representation of the epiphysis was obtained, analyzed and
controlled in three dimensions, greatly improving the inter-
and intra-observer reliability of the methodology.

There are several limitations of the current study. First,
the femoral and tibial epiphyses were not independently
analyzed on separate reconstructions. The femoral measure-
ments were made with respect to the tibial acquisitions, and
we could not completely rule out possible rotation between
the two bone segments. However, the evaluation of intra- and
inter-observer correlations was found to be high. Moreover,
blinding according sex was not ensured because first names
were visible during measurements. Further, the decision to
explore articular geometry by means of a CT-based method
did not allow us to account for the influence of the soft tis-
sues on joint congruence and slope. Both articular carti-
lage and meniscus may alter joint congruity and slope and
differences in these structures may exist between men and
women. It has been recently demonstrated that the menis-
cal tibial slope was significantly lower than the bony tibial
slope for both the medial and lateral compartments. Lustig
et al. [24] reported a reduction of the tibial slope of 1.8° in
the medial compartment and 5.5° in the lateral compartment
when considering the meniscus. However, this finding was
not influenced significantly by sex. Finally, the tibia was not
visualized in its entirety on the CT images and there could
therefore be some measurement bias in the determination of
the proximal anatomical tibial axis.

The findings of this study contribute to the understand-
ing of anatomical risk factors for higher ACL injury risk in
female patients. While the clinical application of these data
to an individual patient cannot be confirmed by the current
study, anatomic analysis such as those performed in the cur-
rent study could provide insight why an ACL graft failed in
a given patient when considered in association with other
anatomical (laxity, tibial slope), demographic, surgical, and
neuromuscular factors.

Conclusion

Female patients were noted to have more incongruent medial
and lateral compartments than male patients. These differ-
ences in tibiofemoral joint geometry may contribute to ACL
injury risk, graft tear risk and should be further investigated.
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