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Abstract

Increased posterior tibial slope (PTS), medial tibial plateau slope (MTPS) and
lateral tibial plateau slope (LTPS) have been proposed as potential risk factors
for anterior cruciate ligament (ACL) tear. However, prior literature is incon-
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clusive. The primary goal of the study was to investigate the relationship of
MTPS, LTPS and PTS with ACL tears. The secondary goal was to determine
whether injury mechanisms, age, gender, tobacco, obesity, extreme PTS
(>12°) or previous injuries are risk factors in ACL tears. Three groups were
identified: a study group of patients with ACL injury; a second group diag-
nosed with meniscal injury; and a third group of non-injured patients. De-
mographic data was collected. MTPS and LTPS were measured in MRI and
PTS in lateral radiographs by two blinded observers. Data was analyzed using
SPSS. 416 patients were included in the study. MTPS ranged from 0° to 14°
(average value 5.66 + 2.98), LTSA 0° to 16" (5.69 £ 3.5) and PTS 0° to 17°
(6.75 + 3.18). Neither MTPS, LTPS nor PTS revealed increased risk of ACL
tears related with higher slopes, although high MTPS showed a decreased
risk. However, when comparing traumatic groups, extreme PTS was associated
with LCA tear, but no differences were found when comparing non-traumatic
groups. This could mean that the importance of extreme angles in the LCA
rupture may be restricted to traumatic mechanisms. Previous ACL tear was
identified as a risk factor to ACL tear; increased age and a traumatic mechan-
ism were associated with a lower risk.
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1. Introduction
1.1. Anatomy

One of the first anatomical descriptions of the anterior cruciate ligament (ACL)
can be found written on an Egypt papyrus scroll that dates to 3000BC. Hippo-
crates (460-370BC) described a subluxation of the human knee caused by injury
of the ACL; however, the name of the ligament was applied by Claudius Galen of
Pergamon as “ligamenta genu cruciate” (129-199BC) [1].

The ACL is a band of dense connective tissue that connects the femur and the
tibia. It is enveloped in the synovial membrane of the human knee joint, which
locates the ligament intra-articular but extrasynovial. The ligament originates at
the medial side of the lateral femoral condyle and runs an oblique course through
the intercondylar fossa distal, anterior and medial to the insertion at the medial
tibial eminence. Due to its orientation within the knee joint, the ACL has been
shown to be primary restraint to anterior tibial translation and secondary re-
straint to internal rotation of the weight bearing and non-weight bearing knee
[2].

The width of the ACL ranges from 7 mm to 12 mm. The ligament fans out
toward its insertion at the tibia and the narrowest diameter can be found in the
midsubstance area of the ACL [3]. The length of the ACL fibers ranges from 22
mm to 41 mm with a mean of 32 mm. However, these measurements are more
for the anteromedial bundle. Little is known about the intraarticular length of
the posterolateral bundle [4].

The ACL is made of several collagen bundles that give rise to the multifibrillar
nature of the ligament, whose femoral and tibial insertions, as well as spatial
orientation in the knee, are directly related to its function as the fulcrum of joint
movement [4] [5] [6].

1.2. Biomechanics

The anterior cruciate ligament plays a crucial role in stabilizing the knee joint; in
the sagittal plane, it is the main static stabilizer and prevents anterior translation
of the tibia on the femur. The role that the ACL plays in rotational stability is
less well known, although it is known that during the flexion extension move-
ment, the ligament presents a degree of tension that makes severe degrees of
hyperextension of the joint impossible and plays a secondary stabilizing role in
varo-valgus movements [7].

The knee joint serves as an important structure that supports the full body
weight during daily locomotion; hence, it is most susceptible to acute impact in-

juries. Based on previous reports, 40% of sports-related injuries were noted to be
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located at the knee joint and be highly prevalent in intensive sports, with a wide
spectrum of mechanisms in which injury will occur [7] [8] [9] [10].

Different authors such as Frank et al [11] and Mokhtarzadeh et al [12] ex-
pose the importance of other factors that may favor ACL injury. The first affirms
that the muscles of the trunk and the pelvis play a fundamental factor; the
second speaks of the relationship of agonistic or antagonistic muscles in relation
to stability in the sagittal plane and mentions the importance of the soleus and
gastrocnemius.

Currently, the research is based on the creation of finite elements that can re-
produce situations of maximum stress to assess individual contribution of each
possible risk factor.

Although ACL injuries can occur during a wide variety of activities, a few
mechanisms account for most ACL tears. The most common mechanisms of
ACL injury and the structures affected are [10]:

Pivot shift injury: characterized by valgus loading, flexion and external rota-
tion of the tibia, or internal rotation of the femur. This mechanism characteris-
tically causes contusions of the lateral compartment and is associated with me-
niscal and posterolateral capsular injury.

Hyperextension injury: determined by the force directed to the anterior tibia
with a planted foot. A Kissing contusion is seen in the anterior femoral condyle
and the anterior tibial plateau. Associated soft tissue injuries include meniscal
and PCL lesions.

Clip injury: secondary contact injury to pure valgus stress on a partially flexed
knee. Many patients have medial collateral ligament and meniscal injuries.

Dashboard injury: caused by force on the anterior proximal tibia with the
knee in flexion and is associated with anterior tibial and posterior patellar edema

as well as rupture of the PCL and the posterior joint capsule.

1.3. Anatomical Factors that May Increase the Risk of ACL Injury

There are many anatomical factors involved in the risk of ACL injuries. The
most important are: the intercondylar notch index, the intercondylar notch
height index, a angle (notch angle), S angle (formed by the Blumensaat line and
the long axis of the femur), medial tibial plateau slope and lateral tibial plateau
slope. Although there is no absolute agreement, there are three factors that seem
to be most involved: [12]

A narrower intercondylar notch <0.252. The notch width index (NWI) is used
for the ratio of epicondylar width to notch width. Since patients with bilateral
ACL tear showed a smaller NWI, the risk of sustaining an ACL tear could be
higher with a smaller NWI [1] (Figure 1).

A PBangle > 38.5° can cause the ACL to be more horizontal, thereby causing
greater ACL impingement against the anterior intercondylar notch, leading to
more ACL injury (Figure 1). Alentorn-Geli [13] pointed out that the B angle
might be the most important isolated factor in ACL injury, but they proposed
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Figure 1. Bangle ((A) T1 Turbo Spin Echo (TSE) image in sagittal plane) and intercon-

dylar notch width ((B) T1 TSE image in axial plane). An increased and a reduced inter-
condylar notch width are identified risk factors to LCA tear.

that the risk for ACL injury is multifactorial.

An increased lateral tibial slope. Different studies have shown a connection
between ACL injury and tibial slope, but the results are controversial. Biome-
chanically, an increase in the tibial slope can create greater translational force
which could result in an increase in the anterior translational movement of the
tibia. It is recognized that a critical role of the ACL is to prevent anterior tibial
translation. Thus, an increased tibial slope may lead to increased tension of the
ACL and even ACL tear [14] [15].

The great variability of slope values in different studies is a difficulty to estab-
lish normal values of PTS, MTPS and LTPS, that could be different during life-
time and change different depending on the sex. Furthermore, in most articles,
there is a bias, as most patients are Caucasian, which prevents the small number
of patients enrolled in the studies from determining whether there is variation in
PTS depending on race [14] [16] [17] [18].

1.4. Incidence, Distribution by Sex and by Sports Activity

The prevalence is 68.6 per 100,000 person-year [19]. Incidence is significantly
higher in male patients than in females (81.7 vs 55.3 per 100,000, P < 0.001).
Age-specific patterns differed in male and female patients, with a peak in inci-
dence (241.0 per 100,000) between 19 and 25 years in males and a peak in inci-
dence (227.6 per 100,000) between 14 and 18 years in females [20].

Sport activity is related to LCA ruptures. Professional athletes in basketball,
soccer, and the other football codes report an annual incidence of 0.15% - 3.7%
in studies with at least a moderate sample size. Annual ACL incidence in ama-
teur sporting groups was generally higher than the entire population but lower

than among professional athletes.
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2. Materials and Methods
A Multicenter Retrospective Study Was Performed.

Sixty-eight patients with a history of anterior cruciate ligament (ACL) tear and

eighty-six patients with a history of meniscal injuries who underwent surgery in

Parc de Salut Mar from January 2015 to December 2019 were identified from the

clinical database. Another group of healthy non-injured patients was also re-

viewed as a control group in both MRI and lateral radiography. It was composed
of 282 patients from the cohort of non-injured patients who underwent MRI or

X-Ray in Hospital del Mar. Knee MRI and lateral knee radiographs from the

three groups were analyzed using Centricity Universal Viewer software (General

Electric (GE) Healthcare’s, Wauwatosa, WI) on the Hospital database and Raim

Viewer software on Primary Attention tests. Angular values reported by the

software were single digit.

X-ray and MRI imaging exclusion criteria were [17] [21] [22] [23]:

e MRI or X-ray image with artifacts (related to prosthesis, metal device,
movement in MRI or alteration of the digital detail in X-ray) that do not al-
low adequate retrospective study.

e Magnetic resonance or X-ray image that does not meet general quality crite-
ria (wrong FoV that does not include the structures to be examined in the
knee, including sagittal plane not perpendicular to the principal axis, altered
saturation of the MR image due to proximity of the coil).

e Measurements made on lateral knee radiographs must meet the quality in-
clusion criteria: the femoral condyles should be perfectly superimposed or
the posterior condyle borders within maximum 5 mm of distance.

No further requirements were placed on age, skeletal maturity, or sex. Medical
records were analyzed to determinate injury mechanism, age, sex, obesity, late-
rality, smoking status and presence of previous injuries to prepare a multivariate
analysis.

MTPS and LTPS were measured by the Hashemi et al. method [22] (Figure
2). Both were defined as the angle between the 90° line with the proximal tibial
anatomic axis and a tangential line drawn along either plateau.

The anatomic axis of the tibia was calculated measuring two perpendicular
lines which included all tibial cortex, established 3 and 4 cm from the tibial pla-
teau. The drawn line passing through the midpoint of both perpendicular lines is
defined as the anatomic axis.

In lateral radiographs, proximal anatomic axis was calculated measuring two
perpendicular lines which included all tibial cortex, established 5 cm below tibial
tuberosity and 15 cm distal from the tibial plateau. The drawn line passing
through the midpoint of both perpendicular lines is defined as the anatomic
axis. PTS was defined as the tangential between this axis and the line drawn
along the plateau [17] (Figure 3).

There are different radiological methods of measurement for PTS. Regardless of

the imaging technique used, 4 are the basic methods of radiological measurement
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Figure 2. Measures of MTPS and LTPS MRI - T1 TSE sequences in the sagittal plane.
MTPS and LTPS were defined as the angle between the 90° line (blue lines in (B) and (C))
with the proximal tibial anatomic axis (spotted red line) and a tangential line drawn along
either plateau (yellow line in (B) and (C)). The anatomic axis of the tibia was calculated
measuring two perpendicular lines which included all tibial cortex (white horizontal lines
in (A)). The drawn line passing through the midpoint (white dots in (A)) of both perpen-
dicular lines is defined as the anatomic axis (spotted red line).

Figure 3. Measures in lateral projection on conventional radiography: proximal anatomic
axis (PTAA). Proximal anatomic axis (PTAA) was calculated measuring two perpendicu-
lar lines which included all tibial cortex, established 5 and 15 cm distal from the tibial
plateau (red lines in (A)). The drawn line passing through the midpoint of both perpen-
dicular lines (red squares) is defined as the anatomic axis (yellow vertical line in (A) and
(B)). PTS (red angle) was defined as the tangential (spotted yellow line) between this axis
and the line drawn along the plateau (blue line).

of tibial slope: anterior tibial cortex (ATC), proximal tibial anatomic axis
(PTAA), posterior tibial cortex (PTC), and the Hudek method. All these me-
thods use the tangent to the medial tibial plateau as the proximal reference line,

but this medial line is calculated differently. In ATC, this line matches exactly
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with the anterior tibial cortex, starting on the most distal point available; PTAA
is described previously as this is the method used in the current study; PTC uses
the line matching the posterior tibial cortex and Hudek defined this line as the
one crossing both midpoints of circles previously drawn. The cranial circle
touches the anterior, posterior, and cranial tibial cortex and the caudal one
touches both anterior and posterior cortex. The angle between the tangent to the
medial plateau and the anatomic line of the plateau is defined as the angle in all
methods (Figure 4 and Figure 5), [17] [21] [23] [24] [25].

Figure 4. Anterior tibial cortex (ATC) and posterior tibial cortex (PTC) measurement
methods for PTS in lateral radiography. ATC (A) and PTC (B) measure methods are
shown in the figure. First, the proximal reference line (green line in (A) and (B)) is de-
fined as the line passing through the anterior tibial cortex in ATC and the posterior tibial
cortex in PTC. The tangent to that line is drawn (yellow line) and the angle formed by
this tangent and the anatomic plateau line (white line) is defined as the angle (red angle).

1y

Figure 5. Hudek ef al, 2009 measurement method - T1 TSE image in sagittal plane. This
method uses the tangent to the medial tibial plateau as the proximal reference line, de-
fined as the one crossing both midpoints of circles previously drawn. The cranial circle
touches the anterior, posterior and cranial tibial cortex and the caudal one touches both
anterior and posterior cortex. The angle between the tangent to the tibial axis and the
anatomic line of the plateau is defined as the angle in both medial and lateral plateaus.
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For the descriptive statistics, quantitative variables were described through
mean and standard deviation and qualitative variables through number and
percentage. Bivariate analysis was performed to identify factors associated with
ACL injury. Qualitative variables were compared by Chi-square or Fisher exact
test. Fisher’s exact test was used when >20% of the cells in 2 X 2 contingency ta-
ble had a frequency <5. Group comparison of quantitative variables was per-
formed by Student’s t-test and correlation of quantitative variables through
Pearson’s correlation coefficient. A multivariate analysis was performed with va-
riables suspicious to influence in ACL injury through a logistic regression analy-
sis.

Statistical analysis was performed using IBM® SPSS 25.0. Results were consi-
dered as statistically significant at p-value < 0.05.

Twenty-five perioperative MRI were initially reviewed twice, separated by five
weeks, by two different blinded observers. Intra and interobserver correlations
coefficients (ICC) and their 95% confidence intervals were calculated based on a
mean-rating (k = 2), consistency, 2-way random-effects model.

The protocol for our research was consistent with the provisions of the World
Medical Association Declaration of Helsinki and the legal rules on the confiden-
tiality of data were followed. This study (code 2021/9752) has a provisional ap-
proval by the Clinical Research Ethical Committee of Parc de Salut Mar, pending

its final approval.

3. Results

Patients who did not match inclusion criteria or match any exclusion criteria
(including absence of X-Ray and MRI) (fifteen meniscal injuries, five ACL) on
the Hospital or Primary Attention database were excluded from the two study
groups. In sum, twenty patients were excluded, leaving sixty-three ACL tears
and seventy-one meniscal injury patients suitable for the study. 282 patients
were included in the non-injured control group.

The inter-observer agreement was excellent in both MTPS [0.971 (IC 95%
0.927 - 0.989)] and LTPS [0.970 (IC 95% 0.925 - 0.988)]. The intra-observer
agreement for rater one was good in MTPS 0.885 (IC 95% 0.711 - 0.955) and ex-
cellent in LTPS, [ICC 0.971 (IC 95% 0.929 - 0.989)]; for the rater two was excel-
lent in both sides, MTPS 0.980 (IC 95% 0.948 - 0.992) and LTPS ICC 0.987 (IC
95% 0.968 - 0.995). The data selected for the statistical analysis were the average
measures by rater 1.

Demographic characteristics of patients by group are shown in Table 1.
Maximum, minimum and average MTPS, LTPS and PTS measures per group are
shown in Table 2.

Significant differences between groups were identified in age. ACL tear pa-
tients are younger than in the other groups (Table 1). Other significant differ-
ences were found between groups in sex, obesity, smoking, previous injuries,

and injury mechanism. Of these, only previous injuries, specifically previous
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Table 1. Demographic characteristics of study groups.

ACL Injury Meniscal injury Healthy control All groups

(%) (%) (%) (%)
N:ﬂ::tsof 63 (15.1) 71 (17.1) 282 (77.8) 416 (100.0)
Gender
Male 41 (65.1) 52(73.2) 156 (55.3) 249 (59.9)
Female 22 (34.9) 19 (26.8) 126 (44.7) 167 (40.1)
Smoking Status
No smoker 51 (81.0) 43 (60.6) 225 (79.8) 319 (76.7)
Smoker 12 (19.0) 28 (39.4) 57 (20.2) 97 (23.3)
Obesity
No obese 57 (90.5) 57 (80.3) 256 (90.8) 370 (88.9)
Obese 6 (9.5) 14 (19.7) 26 (9.2) 46 (11.1)
Injury mechanism
Non-traumatic 48 (76.2) 61 (85.9) 151 (53.5) 260 (62.5)
Traumatic 15 (23.8) 10 (14.1) 131 (46.5) 156 (37.5)
Previous injuries
None 34 (54.0) 53 (74.6) 275 (97.5) 362 (87.0)
ACL tear 29 (46.0) 4 (5.6) 0(0.0) 33 (1.9)
Meniscal injury 0 (0.0) 14 (19.7) 7 (2.5) 21 (5.0)
Age* 31.95y 4523y 4052y 40,03y

*Age in years: LCA tear group: Minimum 14, maximum 64 and average 31.95; Meniscal injury group:
Minimum 7, maximum 70 and average 45.23; Healthy control: Minimum 10, maximum 86 and average
40.52; All groups: Minimum 7, maximum 86 and average 40.03. ACL: Anterior cruciate ligament; y: Years.

Table 2. Medial tibial plateau slope (MTPS), lateral tibial plateau slope (LTPS) and post-
erior tibial slope (PTS) measures by group.

MTPS LTPS PTS

Group
Min Max  Average Min Max  Average Min Max  Average

All patients 0° 14°  566+298 0° 16° 5.69 3.5 0° 17°  6.75+3.18

ACL tear 0° 12° 498 +£2.62 1° 14° 5.87 £2.97 0° 16° 6.62 3.3
Meniscal . . . . o
. 13 6.1 £3.13 0 16 6.92 £ 3.95 0 15 7,03 £2.93
injury
Control 0° 14° 5.72 £ 3.01 0° 15° 5.18 £ 3.39 0° 17° 6.7 £3.22

ACL: anterior cruciate ligament; Min: Minimum, Max: Maximum.

ACL tear (p = 0.001), age (younger patients) (p = 0.001) and injury mechanism
(p = 0.015) were associated with ACL tear. Regarding the injury mechanism, the
traumatic mechanism was found to be less related with ACL tear than
non-traumatic injury (OR: 0.47 IC 95% 0.25 - 0.87).

No differences were found in the presence of extreme slopes regarding ACL
group except in PTS when comparing traumatic control group and traumatic

ACL tear group. Differences in extreme MTPS and LTPS were found when
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comparing the non-traumatic control and non-trauma-tic meniscal injury
group, but this was not associated with ACL rupture. By radiography no extreme
PTS were identified in either traumatic control or traumatic meniscal injury
groups (N PTS > 12° = 0) (Table 3).

When analyzing the association between angles and different demographic
and clinical characteristics of the patients, significant higher general angles by
the three methods and significant differences in extreme MTPS and LTPS values
were found in non-smokers (p < 0.05). There were no smoking patients with ex-
treme MTPS and only one extreme LTPS.

Regarding presence of extreme angles, significant differences were identified
in PTS in sex and injury mechanism, with a higher presence in women and in
non-traumatic injury group (Table 3).

A multivariate analysis was performed. Neither of the three measure methods
revealed an increased risk for ACL tear related to higher or extreme angles, al-
though an association between MTPS and a decreased risk of ACL rupture was
identified OR: 0.869 95% IC 0.778 - 0.972 (p = 0.014). In all measure methods,
previous injury (previous ACL tear) was related to a higher risk to ACL rupture;
increased age and traumatic mechanism lowered tear risk.

Pearson’s correlation coefficient between medial and lateral MRI angle was
moderate (0.577), but better than medial MRI and PTS by radiography, which

Table 3. Presence of extreme angles in the different groups.

# of :xf:rf :{t(;f e#x:)rf % extr. :x(tf e::r

P~ Mrps  mers  rtes UPS prs prs

All patients 416 8 1.9 19 4.6 21 5.0
ACL tear group 63 1 1.6 3 4.8 5 7.9

Injury mechanism

Non-traumatic 48 1 2.1 1 2.1 3 6.3
Traumatic 15 0 0 2 13.3 2 13.3
Meniscal injury
71 2 2.8 9 12.7 4 5.6
group
Injury mechanism
Non-traumatic 61 2 3.3 9 14.8 4 6.6
Traumatic 10 0 0 0 0 0 0
Healthy control
282 5 1.8 7 2.5 12 4.3
group
Injury mechanism
Non-traumatic 151 0 0 3 2.0 12 7.9
Traumatic 131 5 3.8 4 3.1 0 0

# of pt.: number of patients; # of extr. MTPS: number of extreme MTPS; % of extr. MTPS: percentage of
extreme MTPS; # of extr. LTPS: number of extreme LTPS; % of extr. LTPS: percentage of extreme LTPS; #
of extr. PTS: number of extreme PTS; % of extr. PTS: percentage of extreme PTS. ACL: anterior cruciate
ligament.
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was weak (0.387). Lateral MRI angle and radiography have a strong correlation
coefficient (0.617) (Figure 6).

4. Discussion

The results of our study revealed that PTS, MTPS or LTPS were not associated
with an increased ACL tear risk in multivariate analysis, but significance was
found in PTS measured by radiography associating an extreme angle with rup-
ture in traumatic ACL rupture patients when compared to traumatic control
group. Increased MTPS is identified as a protector factor against ACL tears OR:
0.869 95% IC 0.778 - 0.972. This is not consistent with previous literature, which
suggests that this slope could also be a risk factor for ACL tear just as the LTPS,
even though not all literature agrees with this information and there is contro-
versy even on meta-analysis, suggesting that there is not enough information to
accept MTPS as a risk factor for ACL tear [14] [15]. This study shows not
enough significant difference to support MTPS, LTPS or PTS individually as a
risk factor for ACL tear.

Other risk factors identified in this study to ACL tear are the younger age,
non-traumatic injury mechanism and previous ACL injuries.

The young age could be a risk factor as the biomechanics of the knee change
while growing. Recent studies show that there is a variation in the value of PTS
throughout life, first observing a decrease and then an increase, even though the
point at which these changes occur is not the same in both sexes and could be
different in both knees [8] [16]. The young age as a risk factor could also be re-
lated to injury mechanism, as ACL tears are highly prevalent in a broad range of

intensive sports, including basketball, volleyball, soccer, and gymnastics, which
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Figure 6. Dispersion graphic of correlation between LTPS measured by MRI and PTS
measured by lateral radiography.
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are much more practiced by younger people as they require intense athletic ca-
pacity. The risk of knee injury was found to be 10 times higher in competitive
and recreational sports, typically practiced by younger patients, than in quiet
life, widely distributed among all ages [10].

Non-traumatic injuries are identified in the study as a risk factor when com-
pared to traumatic injuries, which is consistent with prior literature, where most
ACL tears are related to maneuvers characterized by the presence of large
ground impact, sudden deceleration, and changes in direction. These injury
mechanisms can be classified based on at least the following key factors: ground
impact, anterior tibial load, hyperextension moment, axial tibial torque, and
valgus moment [7] [8].

Acute treatment of LCA injury consists of “RICE” therapy, which includes
rest, ice, compression of the affected knee, and lifting of the affected lower limb.

Patients must be non-load bearing and can use crutches or a wheelchair if ne-
cessary. Pain relief can be achieved with over-the-counter medications such as
NSAIDs but is typically at the discretion of the treating physician.

ACL injuries, depending on their severity, can be managed nonsurgically or
operatively. The patient with an anterior cruciate ligament injury should be re-
ferred to the orthopedic doctor to discuss treatment options and a physical the-
rapist (PT) for rehabilitation.

Non-surgical treatment is generally reserved for those with low functional
demands, type and severity of the ACL injury, time of injury and subsequent
evaluation. Continuous monitoring and treatment by an orthopedist and physi-
cal therapist are necessary and will only improve their functional status and
post-injury stability. It should be noted that about half of patients who initially
choose the non-surgical route will later choose to undergo surgical repair [25].

The results of the study show that previous ACL rupture is also an important
risk factor to ACL tears. Other studies have linked an injury in the ACL with fu-
ture injuries: graft ruptures (6.4%) and contralateral ACL rupture (5.7%). The
highest risk of re-injury is four to six months after reconstruction. In another
study, 70% of ACL re-injury in elite footballers occurred in the same leg as pre-
vious injury [26] [27].

Significant higher general angles and differences in extreme MTPS and LTPS
were found in non-smokers when compared to smokers. This possible protective
factor of smoking towards the slopes is not mentioned in the literature at all, so
further studies are needed to explore this possible association.

The differences found in extreme PTS regarding traumatic ACL tear group
compared with traumatic control group but not in non-traumatic groups could
be pointing that the importance of extreme PTS is restricted to traumatic injury
mechanisms. Further studies should be carried to demonstrate this.

The range PTS values in the study ranged from 0° to 17° (average value 6.75 +
3.18) (Table 2). As seen in previous literature, the great variability of the values
obtained is a difficulty to establish normal values, but the results obtained are
included in the wide variability range (Table 4) [14] [15] [17] [26] [28] [29].
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Table 4. Variability of Medial tibial plateau slope (MTPS), lateral tibial plateau slope (LTPS) and posterior tibial slope (PTS) in

different studies.

PTS
Authors Journal Group MPTS av. LPTS av. X PTS av.
Min-Max
All patients 5.66° +2.98° 5.69° +3.5° 0°-17° 6.75° £ 3.18°
Mas et al. ACL tear 498" +2.62° 5.87° +2.97° 0°-16° 6.62" £33
(Current Study) Meniscal injury 6.1° +3.13° 6.92° +3.95° 0° - 15° 7.03° +2.93°
Healthy Control 5.72° +3.01° 5.18° +3.39° 0°-17° 6.7° £3.22°
Genin et al. J Radiol Healthy Control - - 0°-18° 7°
Jiang et al. J Formos Healthy and arthrosi 0° - 20° 10° + 4°
iang et al. ealthy and arthrosic - - - +
& Med Assoc ¥
Dean et al. ] Arthro Healthy - - - 11.8° +3.1°
Chiu et al ] Arthro Cadaveric 14.8° 11.88° - 11.58°
2.9°+£2.80°t 0.3° £ 3.6° t
Woderman et al. Healthy control o o © S © - -
(meta-analysis Am J Sports 9.57%3 °+4
including 14 Med ACLt 1.8° + 3.5% to 1.8° +3.2° to
articles) ear 12.1°+3.3° 11.5° + 3.54° i i
Clin Orth
Hudek et al. i UIHop Healthy 4.8° +2.4° 5°+3.6° - 8.2° +2.8°
Relat Res

Av: Average; Min-Max: minimum and maximum; ACL: anterior cruciate ligament; ] Radiol: European Journal of Radiology; ] Formos Med Assoc: Journal
of the Formosan Medical Association; ] Arthro: Journal of Arthroplasty; Am J Sports Med: The American Journal of Sports Medicine; Clin Orthop Relat
Res: Clinical Orthopaedics and Related Research.

Regarding MTPS and LTPS, this study shows that MTPS values ranged from
0° to 14" (average value 5.66 + 2.98) and LTSA 0° to 16° (average value 5.69 +
3.5). The values found are included and consistent with the extreme variability
found in prior literature (Table 4). The methods used in this study are the same
as in the others. However, results are still different, pointing to a need to unify
the techniques and provide a gold standard which could guarantee a good inter-
rater reliability [14] [23] [29].

Correlation between the PTS measured by lateral radiography and LTPS by
MRI are strong, with higher PTS in radiographic measures (Figure 3). This is
consistent with prior literature and what Lee ef al and Hudek et al found mea-
suring in the same patients using both systems [14] [21] [25] [30] [31].

Several limitations were identified. This study is based on real population. Pa-
tients cannot be selected like in clinical trials. This causes differences regarding
group’s compositions, significantly different in several characteristics, as Hospit-
al del Mar is a reference center to elite athletes. These differences are also men-
tioned in other studies [14] [23]. Although the measurements were conducted by
two experienced professionals with high interobserver agreement, human error
may have occurred, particularly because of the very narrow angles.

Additionally, when the tibia is rotated during the X-ray and the projection is
not exactly lateral, the error measurement of the slope may increase. In traumat-

ic patients it is harder to obtain good quality images than in non-traumatic. Lat-
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eral radiographs were used for PTS measurements, and the field of view was li-
mited to the proximal diaphysis distally. The longitudinal tibial axis, which is
essential for PTS measurement, was drawn on the lateral knee radiographs.
However, the use of an expanded lateral radiograph would depict a closer ap-
proximation of the LAT and PTS measurements. As there is no gold standard in
tibial slope measurement, the results are variable, just as prior literature showed
[14] [21] [25].

5. Conclusion

The results found in this study showed not enough significant difference to
support MTPS, LTPS or PTS individually as a risk factor for ACL tear. However,
when comparing traumatic LCA study group with traumatic control group, ex-
treme PTS (>12°) was associated with LCA but no differences were found when
comparing non-traumatic groups, which could mean that the importance of ex-
treme angles in the LCA rupture may be restricted to traumatic mechanisms. In
all measure methods, previous injury (previous ACL tear) was related to a higher

risk of ACL tear; and increased age and a traumatic mechanism to a lower risk.
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