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Abstract

Background. The modern principles of reconstruction of the anterior cruciate ligament (ACL)
and well-known surgical techniques do not take into account the peculiarities of the anatomical
structure of the female knee. This happens due to insufficient substantiation that these peculiarities
could influence the results of the treatment. The purpose of this study was to obtain new data on
the structure of the areas of the ACL attachment, taking into consideration patient’s gender and
the surgical anatomy. Materials and Methods. 40 unpaired “fresh” anatomical preparations of the
human female and male knees were studied. After preparation of the knee joints, the morphometry
of the distal femoral epiphysis and the proximal tibial epiphysis was carried out by a digital sliding
caliper according to 16 parameters. The shape, size, area, and the distance of the ACL attachment
center from individual bone structures were assessed. The obtained data were correlated with
the gender type of the knee structure. Results. The distal femoral epiphysis of the “female” type knee joint
compared with the “male” type revealed the significant differences (p<0.05) in the following parameters:
the width of the condyles at the level of the transepicondylar line, the width of the intercondylar
fossa, the length and height of the lateral condyle, and the ratio of the condyles width at the level of
the transepicondylar line to the height of the lateral condyle. The tibial proximal epiphysis showed the
gender differences in the articular surface frontal and sagittal dimensions, the width of the intercondylar
eminence and the posterior slope of the tibial epiphysis articular surface. These features determined
the different proportions of the female knee structure. The area of the anterior cruciate ligament
femoral attachment and its center in the “female” type of structure were located 3 mm distal and 1.5
mm posteriorly (anteriorly and downwardly in arthroscopic imaging). The area of the tibial attachment
of the same ligament and its center were localized 2 mm anteriorly in comparison with the “male” type
structure. Conclusion. The discovered anatomical differences made it possible to distinguish the “female”
and “male” types of the knee structure. The topography of the anterior cruciate ligament attachment areas
is gender specific. This should be taken into account in the anatomical reconstruction of the ligament.
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Introduction

According to the literature, in cases of
traumatic knee joint injuries, women are
more predisposed to anterior cruciate liga-
ment (ACL) ruptures than men [1, 2, 3, 4, 5].
The risk ratio of such injuries in some stud-
ies is estimated as 1:1.4-9.5, respectively, in
men and women [6, 7, 8].

Predisposition to ACL injuries in wom-
en has multifactorial causes, among which
some knee joint anatomical features [2, 9, 10,
11, 12, 13]. Particularly, in case of ACL inju-
ries high risk of developing anteroposterior
and rotational instability is associated with
a more pronounced posterior tibial slope
compared to the same indicator in men and
lower tibiofemoral joint congruence [8, 9, 14,
15, 16, 17]. There are also number of other
differences in the distal femur anatomical
structure, which allow us to distinguish the
so-called "female" type of knee joint, particu-
larly in gender-specific endoprostheses de-
sign developing 18, 19, 20, 21].

Modern principles of ACL reconstruc-
tion and well-known surgical techniques do
not account knee joint anatomical features
in women due to the insufficient validity of
their influence on the treatment results [22,
23,24, 25, 26].

Our study hypothesis was the assump-
tion about "female" type of femur and tibia
condyles size influence on topography of
ACL attachment and bone tunnels for ACL
reconstruction.

The aim of the study was to obtain new data
on the structure of ACL attachment areas,
based on the gender and surgical anatomy.

Materials and Methods

The material for the study was 40 unpaired
human knee joint cadaver specimens, of
which 20 were from female individuals, and
20 — from men. The average age of the stud-
ied women and men was 54%3.4 and 57#5.0
years (p>0.05). The height of women during
life reached 165+3.9 cm, men-168%*4.4 cm
(p>0.05).

The criteria for exclusion from the study
were the presence of pronounced degenerative
changes in the joint, dysplasia, signs of previ-
ous intra-articular fractures, ACL injuries.

To obtain anatomical specimens was per-
formed anterior approach to the knee joint,
soft tissue was removed, a digital sliding cali-
per with an accuracy of 50 microns (Topex,
Poland) performed distal femur morpho-
metry in 10 parameters (Fig. 1): the femoral
condyles width at the level of transepicon-
dylar line (A-B), the shape of the femoral in-
tercondylar notch, the width of the femoral
intercondylar notch by the M. Wada c co-
authors method (H-I) [27], the lateral femo-
ral condyle width (G-H), the lateral femoral
condyle height (C-D), the lateral femoral
condyle length (K-L), the medial femoral
condyle width (I-]), the medial femoral con-
dyle height (E-F), the medial femoral condyle
length (K-L), the ratio of condyles width at
the transepicondylar line level to the lateral
femoral condyle height (A-B/C-D).

The femoral intercondylar notch with its
anatomical structures was U-shaped cut out
with oscillating saw (Fig. 2).

Then the ACL femoral attachment was
dissected, determined its location on the lat-
eral femoral condyle inner surface, marked a
common border, defined shape and set the
anatomical center (see Fig. 1 b).

Likewise, after patella and soft tissues re-
moval was carried out proximal tibia mor-
phometry for 6 parameters (see Fig. 1): the
frontal tibial plateau size (M-N), the sagittal
tibial plateau size (P-0), the posterior tibial
slope angle, the tibial intercondylar emi-
nence length, the tibial intercondylar emi-
nence width (Q-R), the distance between the
medial and lateral intercondylar tubercles
tops, after that tibial articular surface was
completely removed with the oscillating saw.

The study of ACL tibial attachment area be-
gan with removal of the remaining ACL rem-
nant, delineating the ACL general border using
a marker. The form of ACL attachment area
was determined and established its anatomical
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center (Fig. 3). Then were marked ACL and its
attachment area zones of contact with the sur-
rounding bone structures of the articular sur-
face — the lateral, medial tubercles and poste-
rior edge of the intercondylar eminence, which
occur with a frequency almost equal to 100%.
Based on a comparison of morphometric
parameters that characterize the anatomi-
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cal proportions of the distal femur and the
proximal tibia in men and women, only those
that had statistically significant differences
and described the so-called "female" type of
knee joint were selected. The assessment of
the ACL attachment area (shape, size, area,
topography) was correlated with the "female"
or "male" types of knee joint.
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Figure 1. The scheme of measurements of the studied parameters of the distal femoral epiphysis
and proximal tibial epiphysis: a — the distal femoral epiphysis in the axial plane at the level of
the femoral epicondyles: A-B — width of the femoral condyles at the level of transepicondylary
line; H-I — width of the femoral intercondylar fossa; G-H — width of the femoral lateral condyle;
C-D — height of the femoral lateral condyle; [-] — width of the femoral medial condyle; E-F — height
of the femoral medial condyle; b — the distal femoral epiphysis in the sagittal plane at the level of the
inner surface of the femoral lateral condyle: 1 — center of the anterior cruciate ligament; K-L — length
of the femoral lateral condyle; the arrows indicate the distance from the center of the ACL to the lower,
anterior and posterior edges of the articular cartilage of the femoral lateral condyle; ¢ — the tibial
proximal epiphysis plateau in the axial plane: 2 — the anterior edge of the intercondylar eminence;
3 — the posterior edge of the intercondylar eminence; M-N — frontal size of the tibial plateau,
P-0 —sagittal size of the tibial plateau; 2-3 — the length of the tibial intercondylar eminence measured from
theanteriortoposterioredgesoftheintercondylareminence; Q—R —widthofthetibialintercondylareminence;
S—-T — the distance between the tops of the medial and lateral intercondylar tubercles

Figure 2. Extraction of a part of the distal femoral
epiphysis with anatomical structures of the
intercondylar fossa

Figure 3. The relationship of the ACL attachment
area center with the surrounding bone structures
of the tibial proximal epiphysis articular surface:
1 — medial tubercle; 2 — lateral tubercle; 3 — the
posterior edge of the intercondylar eminence;

4 — the center of the ACL attachment area
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Statistical analysis

Variational and statistical processing of
the results was carried out in the SPSS 17.0
program (Microsoft ® K USA), using the meth-
ods of descriptive statistics and the compar-
ative nonparametric Mann-Whitney U-test.
The result was considered statistically sig-
nificant at p<0.05.

Results

The most significant "female" type dis-
tal femur parameters were the femoral con-
dyles width at the level of transepicondylar
line, the width of the femoral intercondylar
notch, the lateral femoral condyle length
and height, the ratio of condyles width at
the transepicondylar line level to the lateral
femoral condyle height (Table 1). The aver-
age values of these parameters were statisti-
cally significantly different from "male" type
of knee joints and created the characteristic
proportions of the distal femur in women — a
smaller width of the condyles and the inter-
condylar notch, as well as a shorter length of
the lateral femoral condyle.

The ratio of condyles width at the tran-
sepicondylar line level to the lateral femoral
condyle height was slightly smaller in wom-
en than in men.

In the end, the distal femur shape in wom-
en looked more narrow, but greater in height,
which causes V-shaped intercondylar notch,
which differs from a U-shape in men (Fig. 4).

The distal femur of 20 female specimens
had significant differences in these 6 param-
eters in 19 (95%) cases.

A comparative study of 6 morphometric
parameters of the proximal tibia in female
and male knee joints revealed significant dif-
ferences in 4 of them (Table 2).

The frontal and sagittal sizes of the proxi-
mal tibia, the tibial intercondylar eminence
length in men were larger than in women
(p<0.05). Its front size provided some visual
differences and formed the "female" type of
proximal tibia (Fig. 5). On the contrary, pos-
terior tibial slope angle in women were aver-
age on 2° larger than in men (p<0.05). The
proximal tibia of 20 female specimens had
significant differences in these 6 parameters
in 19 (95%) cases.

Forty specimens of the distal femur parameters

Parameters

The femoral condyles width at the level of
transepicondylar line (A-B), mm

The shape of the femoral intercondylar notch

The width of the femoral intercondylar notch (H-I) , mm
The lateral femoral condyle width (G-H) , mm

The lateral femoral condyle height (C-D) , mm

The lateral femoral condyle length (K-L) , mm

The medial femoral condyle width (I-]) , mm

The medial femoral condyle height (E-F) , mm

The medial femoral condyle length (K-L) , mm

The ratio of condyles width at the transepicondylar line
level to the lateral femoral condyle height (A-B/C-D)

Table 1

Female* Male* p
75,8 2,7 (69,3-79,6) 87,2+2,0(82,1-93,4)  <0,05
V-shape U-shape <0.05

(85% of cases) (95% of cases) ’
21,5%1,2 (18,7-24,7)  25,2%1,7 (21,4-28,3) <0,05
22,1%1,1 (19,4-24,4)  25,9+1,9 (21,6-31,4) <0,05
60,1%3,0 (52,9-65,8) 64,7%2,5 (58,2-69,4) <0,05
35,9+ 1,8 (32,2-42,0) 38,422 (32,7-42,6) <0,05
25,5%1,9 (22,4-29,9)  26,6%1,3 (23,8-28,7) >0,05
61,8+2,4 (56,5-65,4) 62,9%3,2 (67,3-54,2) >0,05
35,3%2,9 (29,8-40,4) 37,6%3,0 (30,6-45,1) >0,05
1,26+0,04 (1,17-1,36)  1,35+0,05 (1,25-1,51)  <0,05

*The data is presented as the mean value * the mean square deviation (the range of minimum and maximum

values).
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Figure 4. The gender differences in the shape of the distal part and intercondylar fossa of the femur:
a — “female” type of structure with a V-shaped intercondylar fossa;
b — “male” type of structure with a U-shaped intercondylar fossa; 1 — ACL

40 specimens of the proximal tibia parameters

Parameters

The frontal tibial plateau size (M-N), mm

The sagittal tibial plateau size (O-P), mm

The posterior tibial slope angle, o.

The tibial intercondylar eminence length, mm

The tibial intercondylar eminence width (Q-R), mm

The distance between the medial and lateral intercondylar
tubercles tops, mm

Table 2

Female* Male* p
47119 T35 <005
(4%6,11%52 1’?3) (4521,’1%526’,63) —
Gr99) A370 0,05
(224?’20—316:54) (21?’18:_{ 31 1’?0) AL
(1252,'96-i22 5,23) (2235,112—i219',27) <0,05
orun  ofuns 00

*The data is presented as the mean value * the mean square deviation (the range of minimum and maximum

values).

Subsequent measurements of the ACL
attachment to the inner surface of the lat-
eral femoral condyle showed smaller values
of long and wide dimensions in women com-
pared to men — 11.1+#1.0 mm (range 10.0-
12.2mm ( ?))and 15.1¥2.4 mm (range 11.1-
18.6mm(J')),9.0+2.9mm (range 6.9-10.8 mm
(9)) and 12.7+3.9 mm (range 9.9-16.6 mm
( 8)), respectively. The area of the femoral
ACL attachment in the female joints, which
had an oval shape, was 67.9£10.4 mm? (range
from 49.4 to 82.1 mm?). In male joints, the at-
tachmentareahad more elongated oval shape,
its area reached 135.7+39.1 mm? (range from

99.3 to 180.6 mm?). The center of the ACL at-
tachment area was located at a distance of
9.2+1.4 mm (range 6.5-11.9 mm) from the an-
terior edge of the articular cartilage in wom-
en and 12.2+1.9 mm (range 9.1-16.8 mm) in
men. The distance to the lower edge of the
lateral femoral condyle articular cartilage was
6.4%*1.0 mm (range 4.3-8.7 mm) and 7.9£0.9 mm
(range 6.1-9.2 mm), respectively. The posteri-
or edge of the articular cartilage was distanced
from the ACL attachment area center in women
by greater distance of 7.8+0.9 mm (range 5.7-
10.3 mm) than in men by 6.6+1.1 mm (range
4.2-9.1 mm).

84 2020;26(4)
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Thus, the smaller area of the femoral ACL
attachment and its center in the "female" type
of knee joints was located more distal (3 mm)
and posteriorly (1.5 mm) (front and down
under arthroscopic visualization) compared
to the ACL attachment area and its center in
the "male" type of knee joints (Fig. 6).

Gender-specific differences with the ana-
tomical proportions of the proximal tibia and
the relief of its articular surface, ACL attach-
ment area location was also revealed. The
latter, in contrast to that in the knee joints
in men, had a more pronounced oval shape,
which correlated with the predominance of
the long (anteroposterior) size of the tibial
intercondylar eminence over the latitudi-
nal (transverse) one. Thus, the length of

the tibial intercondylar eminence in women
was 26.0¥1.4 mm (range 24.2-29.4 mm), in
men-27.8%1.6 mm (range 24.1-31.1 mm);
width — 22.5+2.2 mm (range 15.9-27.3 mm)
and 25.2+1.2 mm (range 23.4-29.7 mm), re-
spectively. At the same time, the distance be-
tween the medial and lateral intercondylar
tubercles tops of the intercondylar eminence
in female joints did not exceed 10.4%¥1.0 mm
(range 7.2-12.1 mm), and in male joints —
11.3+0.6 mm (range 9.3-12.8 mm). The length
of the ACL attachment area showed slight
differences — 12.2#2.2 mm in women (range
8.0-15.9 mm) and 13.3*1.8 mm in men (range
10.3-16.3 mm). In contrast, the width dif-
fered by more than 3 mm — 8.0£1.0 mm (range
6.5-11.7 mm) in women and 11.5%1.8 mm

Figure 6. The topography of the ACL femoral attachment: a — “female” type, b — “male” type
(the position of the knee joint during arthroscopy)
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(range 8.4-16.5 mm) in men. As a result, the
area of the tibial ACL attachment area in the
"female" type of joints had a smaller value —
76.6*16.4 mm? (range 53.2—-115.6 mm?) than
in the "male" type of joints — 120.1%24.2 mm?
(range 71.4-192.4 mm?).

A comparative change in the topographic
relationships between the individual for-
mations of the femoral articular surface in
the female and male knee joints resulted in
a slight increase in the distance from the
ACL attachment center to the posterior edge
of the intercondylar eminence. In the first
case, this value was 14.9¥1.2 mm (range
12.7-17.2 mm), in the second — 12.9+1.5 mm
(range 10.2-15.3 mm).

Thus, the smaller area of the tibial ACL at-
tachment and its center in the "female" type
of knee joints were located slightly anteri-
orly (by 2 mm) compared to the ACL attach-
ment and its center in the "male" type of knee
joints (Fig. 7).

Figure 7. The topography of the ACL tibial
attachment:

a — “female” type; b — “male” type;

1 — medial tubercle;

2 — lateral tubercle;

3 — the posterior edge of the intercondylar
eminence; 4 — the center of the ACL attachment

area

Discussion

A significantly higher risk of ACL injuries
in women compared to men is confirmed by
statistical data obtained assessing different
types of injuries and physical activity. Thus,
the frequency of non-contact injuries of the
ACL, according to studies by D. E. Gwinn et al.
and L. ]. Huston et al., was 3-9 times higher in
women than in men [7, 28]. In women's foot-
ball, this parameter is 2-6 times higher, in
women's rugby-2 times, in women's freestyle
wrestling-4 times, in women's basketball — 4
times, when women pass military training —
10 times higher compared to men [7, 29, 30].
At the same time, women have a 33.7% high-
er risk of ACL reconstruction in the opposite
knee joint that has already undergone surgi-
cal treatment [10]. It is no coincidence that
in some countries from the beginning of the
2000s, the number of ACL reconstructions,
even in younger athletes 18 years, increased
by more than 30% [31].

Predisposition to ACL injury in women
explained by a combination of individual
factors, among which the most important
are anatomical features of the knee joint. A
relatively smaller resistance to anterior and
rotational tibia displacements with the typi-
cal for ACL injuries mechanisms, the injury
occurs in women due to increase of posterior
tibial slope angle [16]. Significant vulnerabil-
ity to ACL injury is explained by the relatively
more pronounced discongruence of the knee
joint medial and lateral compartments due to
the smaller radius of curvature of the femoral
condyles, the smaller concavity of the medial
surface and, on the contrary, greater convex-
ity of the lateral surface of the tibial plateau
[8, 9, 32]. The relatively smaller width of the
lateral femoral condyle also contributes to
decrease in the stability of the knee joint in
women [14].

86 2020;26(4)
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Increased Q angle (17°), according to the
research, increases the risk of noncontact
ACL rupture, especially when there are nar-
row and low femoral intercondylar notch —
quite typical structure features of the knee
joint in women [33, 34, 35], which was ob-
served in our study. On the contrary, the rel-
atively shorter length of the ACL in women
found by R. F. LaPrade and co-authors is still
a subject of discussion, and the consideration
of this factor as a predictor of ligament rup-
tures remains insufficiently justified [34].

In this regard, it is impossible to ignore the
higher frequency of joint hypermobility in
comparison with men, which demonstrates
dependence on the hormonal background of
the female body and tends to increase in the
menstrual cycle first 10-14 days [2, 9, 33, 36].

The increased risk of ACL injury in women is
also explained by neuromuscular and kinemat-
ic factors that lead to the coordination relation-
ships violations between individual groups of
thigh muscles, which, in turn, increases more
than twice peak loads in the knee joint at the
time of abduction, axial pressure and internal
rotation of the tibia [2, 9, 11, 13].

The influence of ACL injury predictors, the
number of which is greater in women than
in men, seems to persist in connection with
subsequent surgical treatment, rehabilita-
tion, as well as a return to the previous level
of physical activity or sports. Nevertheless,
the claim of a higher risk of the reconstructed
ACL injury in women compared to men does
not have significant evidence to date and re-
mains controversial [10, 37, 38].

Following the anatomical principles of the
ACL reconstruction, such as restoring of the
individual shape, size, spatial location of the
graft, close to the native ACL of a particular
patient, becomes crucial in achieving posi-
tive treatment results [39, 40, 41, 42]. On the
contrary, the anatomically incorrect tunnel
location for conducting and fixing the graft
is recognized among the leading causes of
unsuccessful outcomes of primary and revi-

sion ACL reconstructions, regardless of the
patient gender. According to separate stud-
ies, their frequency is 22-79% of cases among
other causes that lead to negative treatment
results. Moreover, the wrong location of the
femoral tunnel occurs in more than 35% of
patients, while the wrong choice of the fem-
oral and tibial tunnels topography becomes
the main cause of such outcomes in more
than 70% of patients [41, 42, 43].

At the beginning of the study, we assumed
the influence of the distal femur and proxi-
mal tibia condyles size, typical for the "fe-
male" type of knee joint, on the topography
and structure of the ACL attachment areas
and the location of their centers, and in cases
of ligament reconstruction — on the topog-
raphy of the femoral and tibial tunnels in-
tended for the graft conduction.

Confirmation or confutation of this hy-
pothesis required a comparative study of the
knee joint anatomical structure features in
women. The study revealed several param-
eters that determine the typical distal femur
and proximal tibia proportions, which dif-
fer from the knee joints in men. The average
values of the femoral condyles width at the
level of transepicondylar line, the width of
the femoral intercondylar notch, length and
height of the lateral femoral condyle, and the
ratio of condyles width at the transepicondy-
lar line level to the lateral femoral condyle
height, as well as tibial plateau frontal and
sagittal sizes, intercondylar eminence width
and the posterior tibial slope had significant
differences related to gender.

The results obtained are consistent with
previous studies, in which the authors found
differences in the anatomical structure of the
knee joint and identified several of its mor-
phological types related not only to gender,
but also to race [18, 20]. The most charac-
teristic feature of the "female" type was the
"narrow and deep joint", which formed the
basis for the design of the so-called gender-
specific endoprostheses [21, 44, 45].
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The anatomical structure of the ACL at-
tachment areas has been studied quite well,
and current research is mainly aimed at iden-
tifying the relationships between their met-
ric parameters and individual simpler and
more measurable parameters for the purpose
of preoperative planning. In general, the size
of the ACL attachment areas in the knee joint
in women was significantly smaller (by 36-
49%) than in men. At the same time, in some
clinical studies, there was a significant vari-
ability in the size of the ACL attachment are-
as, often not related to gender [46, 47]. Thus,
S. Kopf and co-authors revealed significant,
but weak correlations of the ACL attachment
area size with the height, weight, and body
mass index of each patient [48]. In the studies
of GaliJ. S. et al. and Y. B. Park et al., we can
find the conclusion that there is a stable re-
lationship between the anthropometric data
and the size of the ligament attachment ar-
eas [49, 50]. The correlation between the lat-
ter and the area of the medial surface of the
lateral femoral condyle or the tibial articular
surface was established by the results of the
study of T. Iriuchishima and co-authors [46].

The difference in our study was the con-
sideration of the structure and topography
of the ACL attachment areas according the
identified "female" type features of the knee
joint. The proportions of the distal femur and
the proximal tibia typical for the "female"
type correlated with a smaller area (by 36-
49%) and a more oval shape of the ACL at-
tachment area, mainly due to a decrease in
latitudinal dimensions. Topographically, the
femoral ACL attachment area and its center
were located at

3 mm distal and 1.5 mm posterior (anteri-
orly and downwards in arthroscopic imaging)
than in men. The tibial ACL attachment area
and its center were displaced 2 mm anteriorly.

The analysis of modern literature data in
an attempt to get an answer to the question:"
Does the female gender, along with a higher
risk of ACL ruptures, determine the compara-
tively worse results of its reconstruction? " —

does not yet allow us to speak unequivocally
about this. In a number of comparative clini-
cal studies and systematic reviews, there were
no significant differences in the functional re-
sults of ACL reconstruction, as well as in the
values of the tibia anterior displacement, re-
gardless of the used graft [24, 51, 52, 53].

In a number of similar studies, the results
of surgical treatment in women were signifi-
cantly worse than in men, including in terms
of anterior tibia displacement, quality of life
and recovery of the physical activity level
[54, 55, 56]. In relation to the plastic mate-
rial used, A. Gobbi and co-authors and M. V.
Paterno co-authors justified the preference
for an autograft from the patellar ligament
"bone-tendon-bone" with two bone blocks,
which in women is less stretching in the
postoperative period compared to the ten-
dons of the popliteal muscles [57, 58]. On the
contrary, other authors have concluded that
gender differences are not decisive for graft
choice for ACL reconstruction [51, 59, 60].

Thus, according to the literature, we are
currently entitled to say the higher risk of
ACL injury in women and the anatomical
structure features of their knee joint as one
of the main factors predisposing to such in-
juries. It should also be noted that there is
still no convincing clinical evidence about
the influence of the gender factor on the re-
sults of primary ACL reconstruction. The lat-
ter circumstance, however, does not negate
the fundamental approaches to improving
the technique of anatomical ACL reconstruc-
tion, taking into account the existing gender-
specific knee joint structure features and the
ACL attachment areas.

Conclusion

The anatomical proportions that char-
acterize the distal femur and proximal tibia
structure in women and men allow us to dis-
tinguish the "female" and "male" types of the
knee joint, and also underlie some morpho-
metric and topographic differences in the
ACL attachment areas.
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The smaller area of the femoral ACL at-
tachment and its center in the "female" type
of knee joints are located 3 mm distal and 1.5
mm posteriorly (anteriorly and downwards
in arthroscopic imaging) compared to the
ACL attachment area and its center in the
"male" type of knee joints. Similarly, the area
of the tibial ACL attachment and its center
in the comparative aspect are shifted 2 mm
anteriorly.

Gender-specific differences in the ACL at-
tachment area structure make it necessary to
take them into account in existing surgical
approaches to performing anatomical ACL
reconstruction.
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