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Abstract

Anterior cruciate ligament (ACL) is the primary stabilizer of the
knee. An impairment of any of the dynamic or static stability
providing factors can lead to overload on the other factors and
ultimately to deterioration of knee stability. This can result in
anterior tibial translation and rupture of the ACL. The purpose
of this study was to examine the influence of tibial slope on
ACL injury risk on soccer players. A total of 64 elite soccer
players and 45 sedentary controls were included in this longitu-
dinal and controlled study. The angle between the tibial mid-
diaphysis line and the line between the anterior and posterior
edges of the medial tibial plateau was measured as the tibial
slope via lateral radiographs. Individual player exposure, and
injuries sustained by the participants were prospectively re-
corded. Eleven ACL injuries were documented during the study
period. Tibial slope was not different between soccer players
and sedentary controls. Tibial slope in the dominant and non-
dominant legs was greater for the injured players compared to
the uninjured players. The difference reached a significant level
only for the dominant legs (p < 0.001). While the tibial slopes of
the dominant and non-dominant legs were not different on unin-
jured players (p > 0.05), a higher tibial slope was observed in
dominant legs of injured players (p < 0.05). Higher tibial slope
on injured soccer players compared to the uninjured ones sup-
ports the idea that the tibial slope degree might be an important
risk factor for ACL injury.
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Introduction

Anterior cruciate ligament (ACL) injuries occur due to
deterioration of tibiofemoral joint stability, which is pro-
vided by static and dynamic stabilizers. Static stability is
supplied by ligaments, menisci, joint capsule and bony
geometry. The dynamic stability is an integrated function
of the neuromuscular system. The largest proportion of
ACL injuries occur during sport activities involving de-
celeration, twisting, cutting or jumping. ACL injuries can
occur as a result of excessive valgus stress, forced exter-
nal rotation of the femur on a fixed tibia (with the knee in
full extension), or forced hyperextension (Childs, 2002;
Griffin et al., 2000; Hootman et al., 2007). An ACL injury
leads to interruption in athletic career, and in some cases
former athletic performance cannot be reached even fol-
lowing successful reconstruction. Therefore, evidence-
based preventive interventions should be provided as at
least advanced treatment approaches.

Assessment of ACL injury risk factors is the first

step of preventive measures. Although the etiology of
ACL injuries is still uncertain, many risk factors have
been proposed (Hughes and Watkins, 2006). In addition
to the individual biomechanical, anatomical and hormonal
factors, environmental factors may also increase the risk
of injury (Griffin et al., 2006; Hashemi et al., 2010;
Hughes and Watkins, 2006; Schultz et al., 2010).

The tibial slope, which is defined as the angle be-
tween the line perpendicular to the tibial axis, and the
posterior inclination of the tibial plateau, is proposed to
play a role in static stability; and greater tibial slope is
claimed to be one of the ACL injury risk factors in recent
years (Griffin et al., 2006; Hashemi et al., 2010; Stijak et
al., 2008). Increased tibial slope has been shown to lead to
a larger anterior tibial translation via stress to the knee
joint, and consequently inducing stretching and rupture of
the ACL (Dejour and Bonnin, 1994; Griffin et al., 20006).
Shelburne et al. used a musculoskeletal computer model
of the lower limb to determine changes in anterior tibial
translation, tibial shear force, and cruciate ligament forces
that result from a change in posterior tibial slope. Tibial
shear force and anterior tibial translation force increased
as tibial slope was increased (Shelburne et al., 2011).
Shao et al. anticipated, based on the results from their
biomechanical model, that an increase in the tibial slope
would increase the resulting anterior tibial translation and
ligament forces in both healthy and ACL-deficient knees
(Shao et al., 2011)

The aim of this study was to examine the influence
of tibial slope on ACL injury risk on soccer players.

Methods

In this longitudinal and controlled study a total of 64
healthy male soccer players from the Turkish second and
third division teams, and a control group consisting of 45
sedentary people were involved. None of the subjects in
the control group had participated in regular sports activ-
ity. Physical characteristics of subjects are detailed in
Table 1. Subjects with a history of previous knee ligament
injury or abnormal findings during knee examination
were excluded from the study.

The subjects were informed about testing proce-
dures, possible risks and discomfort that might ensue, and
gave their written informed consent to participate in ac-
cordance with the Helsinki Declaration (WMADH, 2000).

In the present study, lower limb dominance refers
to the leg that is used for mobility, while the non-
dominant limb contributes to support. Leg dominance is
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also defined as the preferred kicking leg from childhood,
and as the preferred leg while putting on trousers.

Tibial slope measurement

In order to establish the tibial slope, lateral knee radio-
graphs of the subjects were obtained upon the exact su-
perposition of the femoral condyles. At least one, and in
maximum three radiographs were taken for each knee.
The proximal tibial anatomic axis (PTAA), which demon-
strates the best correlation with the tibial shaft anatomic
axis, was used as the reference (Cullu et al., 1999). PTAA
was assessed with the help of two median points (mid-
points between the anterior and posterior tibial cortex)
marked at 5 cm distal to the tibial tuberosity, and 15 cm
distal to the joint line. The angle between the tibial mid-
diaphysis line, and the line between the anterior and pos-
terior edges of the medial tibial plateau was measured as
the tibial slope through manual goniometric measure-
ments (Figure 1). Reliability, repeatability and reproduci-
bility of this measurement was studied and found to be the
best among different techniques (Cullu et al., 1999).

Figure 1. Tibial slope measurement by using the proximal
tibial anatomic axis

Follow up
Individual player exposure, and injuries sustained were
prospectively recorded during the two and a half year of
study period. One player exposure is defined as 1 player
in 1 practice or game. The data was collected by phone
calls, and/or meeting the participants and team doctors
every three months. The information obtained for each
injury included: date of injury, date of return to full par-
ticipation, injury circumstances, injury type and location,
diagnosis, injury mechanism, and treatment plans. Confi-
dentiality of all player data was ensured.

Injury rate was defined as (total injury number/ to-
tal exposure number) x 1000.

ACL injury rate was defined as (total ACL injury
number/total exposure number) x 1000 (Mihata et al.,
2000).

Statistical analysis

Data was analyzed with the SPSS v15.0 programme.
Subject characteristics of the groups were compared by
using the unpaired t-test. Differences between dominant
and non-dominant leg data in each group, and those be-
tween the data of soccer players and sedentary people
were researched by using t-tests, too. Due to the non-
similarity of the differences between dominant and non-
dominant legs within and between the groups, an unpaired
t-test was applied to compare injured and uninjured play-
ers in the assessment of tibial slope. The “Odds Ratio”
was calculated as the ratio of values above and below
arithmetic means for the parameters. For all analyses, a p-
value less than 0.05 was considered to be statistically
significant.

Table 1. Subjects’ characteristics. Data are means (£ SD).
Soccer players Control group

(n=64) (n=45)
Age (years) 22.7 (3.5) 23.8 (2.0)*
Height (m) 1.80 (.06) 1.79 (.07)
Body weight (kg) 74.0 (6.8) 74.5 (9.4)
BMI (kg'm™) 22.9 (1.3) 23.1 (1.6)

BMI: body mass index. * p < 0.05

Results

The average ages of the soccer and control groups were
227 + 3.5 and 23.8 £ 2.0 yrs, respectively. Despite
choosing the subjects of both groups from the same age
range of 20-30 years, there was a statistically significant
difference for this parameter (Table 1). This difference
seems unlikely to influence the study outcomes.

ACL injury incidence and characteristics

Overall 37598 exposures were recorded during the study
period. Total injury and ACL injury rates of the soccer
players are given in Table 2. Eight of the ACL injuries
occurred during match play (five in the first, and three in
the second halves), and three during training.

Table 2. Total injury and ACL injury rates of the soccer
player

Soccer players
(n=64)

Player exposures® 37598
Total injury number 442
ACL injuries (percentage of total injuries) 11 (%2.48)
Total injury rate” 11.7
ACL injury rate” 29

* One player exposure is defined as 1 athlete in 1 practice or game. °Rate
expressed as per 1000 athlete exposures

All of the ACL injuries happened through non-
contact mechanisms including landing in (n = 2), sudden
deceleration (n = 1), and forced external rotation of the
femur on a fixed tibia (n = 8), while the knee positioned
in full or nearly full extension. In one player, both
dominat and non-dominat legs sustained an ACL injury.
The rest of ACL injuries were observed on the dominant
side. None of the injured players declared previous injury.
Seven players ended their soccer careers at the end of the
second year of the study period.
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Table 3. Tibial slopes (°) of soccer players, of soccer players with or w/o ACL injury, and of controls accord-

ing to leg dominance. Data are means (+ SD).

Dominant leg Non-dominant leg

Soccer players (n=64)

Control group (n = 45)

Soccer players with ACL injury (n = 10)
Soccer players w/o ACL injury (n = 54)

9.59 (2.80) 9.58 (2.70)
9.42 (2.81) 8.81(2.92)
12.90 (2.73) 11.25 (3.52) *

8.98 (2.39) 1 9.27 (2.43)

* p < 0.05 compared with dominant leg, T p <0.001 compared with soccer players with ACL injury

Tibial slope

The tibial slope to both dominant and non-dominant legs
was not different comparing soccer players and sedentary
controls (p = 0.355), (Table 3).

Dominant legs’ tibial slopes of the injured players
were significantly higher compared to the uninjured play-
ers (p < 0.001). However, this difference did not reach
significance for the non-dominant leg (p = 0.117), (Table
3).

The tibial slopes of the dominant and non-
dominant legs were not different on uninjured players (p
= 0.413), (Table 3). In contrast, higher tibial slope was
determined in dominant legs compared to the non-
dominant side, for the injured players (p = 0.042), (Table
3). Players with tibial slope over the group mean had 5.62
times increased ACL injury risk according to the “Odds
Ratio” (Table 4).

Table 4. The effect of higher tibial slope angles on ACL
injury .

ACL injury Total
Yes No
Tibial 9.58 and above 9 52 61
slope 9.57 and below 2 65 67
Total 11 117 128
Discussion

The tibial slope is claimed to be one of the ACL injury
risk factors in recent years. Limitation of static stability
with increased tibial slope, and impairment of functional
stability may cause ACL injury.

About 75% of ACL injuries occur with non-contact
mechanisms (Arendt and Dick, 1995). Sudden decelera-
tion, landing-in and changing direction with fixed foot,
while the knee is in more extended position, are stated as
possible mechanisms in ACL injuries (Kirkendall and
Garret, 2000; McLean et al., 2004, 2010; Olsen et al.,
2004; Yu and Garret, 2007). In the present study, all of
the ACL injuries occurred with non-contact mechanisms
including landing (n = 2), sudden deceleration (n = 1),
and forced external rotation of the femur on a fixed tibia
(n = 8), while the knee positioned in full or nearly full
extension.

The ACL injury rate was 0.29/1000 in this study,
this is somewhat higher in comparison to the ACL injury
rates reported in the literature. From the injury surveil-
lance system of Collegiate Athletic Association concern-
ing collegiate soccer players, ACL injury rates were
reported as 0.13/1000 (Arendt and Dick, 1995), 0.11/1000
(Agel et al., 2005), and 0.12/1000 (Mihata et al., 2006).

Eight ACL injuries happened during the match and
three of them during the training. Similarly, 2-4 times
higher match injuries compared with training ones were

reported in previous studies (Dvorak et al., 2000; Haw-
kins and Fuller, 1999; Hawkins et al., 2001).

During the match, five ACL injuries occurred in
the first halves and three in the second halves. Hawkins et
al. (2001) reported more injuries in second halves com-
pared to the first halves. Local muscle tiredness is known
as one of the factors leading to an ACL injury. Electro-
mechanical delay and increased anterior translation of
tibia due to muscle tiredness may raise ACL injury risk
(Chappell et al., 2005; Wojtys et al., 1996).

Although many measurement techniques have been
proposed for tibial slope, an accepted universal standard
still does not exist. Six different measurement techniques
were described by investigators. Generally, there has been
a consensus on medial tibial plateau as a sagittal plane
reference. However, there are still different opinions
about reference vertical anatomic line. In order to estab-
lish the posterior tibial slope, the angle between tibial
anatomic axis and the line between the anterior and poste-
rior edges of the medial tibial plateau is measured through
lateral knee radiographs obtained upon the exact superpo-
sition of the femoral condyles. Cullu et al. (1999) demon-
strated that PTAA best correlates with the tibial shaft
anatomic axis. Therefore, PTAA was used in the meas-
urement of the tibial slope in the present study.

We hypothesized, that greater tibial slope leads to
increased ACL injury risk. Eleven ACL injuries occurred
in ten soccer players, throughout the study. In one player,
both dominant and non-dominant legs sustained an ACL
injury. In nine players ACL injury happened on the
dominant side. The tibial slope in dominant legs was
significantly higher on injured players compared to the
uninjured ones. However, this difference was out of statis-
tical significance for the non-dominant leg. Nevertheless,
higher tibial slope was observed in the dominant legs
compared to the non-dominant side, in the injured players.
There is still no study investigating the effect of leg
dominancy on tibial slope in the current literature. Deter-
mining different tibial slope measures in dominant and
non-dominant legs might be the result of different loading
and/or adaptation patterns in soccer.

Measurements based on lateral radiographs yielded
10 + 3° tibial slopes (Dejour and Bonnin, 1994). How-
ever, in this study, the tibial slope was found to be about
13° in the injured players. Players with tibial slope over
the mean group value had 5.62 times increased ACL
injury risk according to the “Odds Ratio” analysis. Pres-
ence of higher tibial slope in dominant legs for the injured
players may point to the leg dominancy effect.

Biomechanical studies reported that higher tibial
slope results in a greater anterior tibial translation (Boden
et al., 2009; Dejour and Bonnin, 1994; Giffin et al., 2004).
Increased tibial translation stresses the ACL structure via
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raised dynamic load, and consequently may cause a rup-
ture. McLean et al. (2011) found the posterior tibial slope
significantly correlated with both, peak anterior tibial
acceleration and peak anteromedial bundle strain.

In the current literature seven studies compared the
tibial slope in patients to noncontact ACL injury and a
control group (Brandon et al., 2006; Hashemi et al, 2010;
Hudek et al., 2011; Meister et al., 1998; Stijak et al.,
2008; Terauchi et al., 2011; Todd et al., 2010). Terauchi
et al. (2011) reported in their cross-sectional study that
large posterior tibial slope is correlated with noncontact
ACL injury in woman. Todd et al. (2010) found in their
case-control study that subjects in the noncontact ACL
group had significantly greater slope angles (9.39° +
2.58°% than did control subjects (8.50° + 2.67°). Hashemi
et al. (2010) reported significantly increased tibial slope
in injured cases compared to uninjured cases. Stijak et al.
(2008) measured the tibial slope via both medial and
lateral tibial plateaus in ACL ruptured cases, and in pa-
tients complaining of patellofemoral pain with no
gonarthrosis. They reported higher tibial slope degrees via
the lateral tibial plateau approach in ACL ruptured pa-
tients. Brandon et al. (2006) found higher tibial slopes in
ACL ruptured patients, and stated that higher tibial slope
increases the risk of ACL injury.

Whereas in two of these studies, comparing the
tibial slope value in patients with noncontact ACL injury
and a control group consisting of patients with patel-
lofemoral pain syndrome, no difference was reported
(Hudek et al., 2011; Meister et al., 1998). However, it was
shown that arthritis may affect the correct measurements
of tibial slope in patients who have patellofemoral pain
syndrome (Hernigou et al., 1987).

As the present longitudinal study covers the data of
uninjured soccer players at the begin of the study, the
observation of higher tibial slope values on the players
sustaining ACL injury during the study period compared
to the once remaining uninjured in the same time period,
may give a more realistic picture of the effect of tibial
slope on ACL injury risk.

Conclusion

Higher tibial slopes in injured soccer players compared to
the uninjured players may indicate a relationship between
the tibial slope and ACL injury risk. However, further
longitudinal studies including larger sample size are still
needed to be made to clarify the absolute risk of ACL
injury, including other major factors of dynamic and static
stability. Preventive measures are becoming more impor-
tant particularly in sports of high risk such as soccer. On
players who display higher tibial slopes, additional exer-
cises targeting enhancement of neuromuscular stability
should be advised.
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Key points

e Dominant legs’ tibial slopes of the injured players
were significantly higher compared to the uninjured
players (p < 0.001).

e Higher tibial slope was determined in dominant legs
compared to the non-dominant side, for the injured
players (p = 0.042). Different tibial slope measures
in dominant and non-dominant legs might be the re-
sult of different loading and/or adaptation patterns in
soccer.
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