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Abstract

Introduction: Femoral and tibial morphology posted as anatomical risk fac-
tors for ACL injuries. Samora et.al found out that a decreased BIA was asso-
ciated with ACL rupture. Alentorn-Geli et al found that the angle between
the Blumensaat line and the anterior tibial slope (BATS angle) was signifi-
cantly greater in men with ACL injury. However, other authors were not able
to reproduce the similar findings. Our study aimed to determine the Blu-
mensaat inclination angle (BIA) and angle between Blumensaat line and tibial
slope (BATS) in patients with or without anterior cruciate ligament injury.
We also explored the factors influence them. Method: We elavuated 142 MRI
knee done in Hospital Sultan Ismail from January 2017 to November 2020.
Study group was patient with ACL injuries, with or without meniscus and
cartilage injuries. Control group was patient with no ACL injuries. 57 patients
with history of fracture around the knee joint, multiligamentous injuries, in-
flammatory arthritis and tumour were excluded from the study. We recorded
their age, gender, BIA, and BATS angle. BIA and BATS angle were measured
in sagittal plane MRI as described by Koji Iswasaki ef al and Alentorn-Geli et
al. Result: 54 patients were in study group and 31 years in control group. The
mean age for study group was 32.7 (8.95) year old, and for control group was
42.5 (14.54). The mean BIA for study group was 36.20 (4.542) degree, and
control group was 37.25 (4.941). The mean BATS for study group was 36.33
(5.78) degree, and control group was 25.26 (6.047) degree. BIA and BATS an-
gle did not differ in both groups, age and gender. Conclusion: Our study did
not show BIA and BATS angle as an anatomical risk factor for ACL injuries.
Age and gender did not affect these angles.
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1. Introduction

Anterior Cruciate Ligament (ACL) injuries are among the most prevalent inju-
ries in sports medicine. This injury have seen a sharp increase in incidence lately
as more individuals are becoming more active and involved in sporting activi-
ties. Generally, ACL injury are often associated with sporting activities that
could either involves non contact injury such as pivoting knee injuries or a direct
injury to the knee. This injure can be challenging to treat and often leads to sig-
nificant downtime and long term complication particularly among the athletes.
It was primarily thought that the ACL injury is caused by a traumatic mecham-
ism with rotation, hyperextension, or by contraction of the quadriceps muscle
[1] [2]. However, in some studies a morphological predisposition is shown to
have a correlation with risk of ACL injury and, as a consequence, some authors
have started to measure the intercondylar notch dimensions [3] [4]. Where else,
in some patients with an injured ACL, Fernandez-Jaén et al. observed that the
angle between the longitudinal femoral axis and Blummensaat line increases
compared with that of patients with a normal ACL [5].

Despite extensive research, the exact mechanisms and risk factor that contri-
bute to the ACL injuries remains complex and multifaceted. One of the emerg-
ing area of interest is the Blumeensaat inclination angle (BIA) and angle between
the Blumeensaat line and Tibial slope (BATS). These anatomical features might
play a significant role in influencing the risk of ACL injuries in individuals.

The Blumeensaat Inclination Angle (BIA) is a specific anatomical feature ob-
served in the sagittal plane of the knee. This angle is formed by the intersection
of the line along the roof of intercondylar notch and the horizontal plane, which
has been hypothesized to influence the likelihood of ACL injury [6]. Study by
Samora et al. concluded that a steeper BIA could be associated with higher risk
of ACL injury [7]. The rationale is that a steeper angle will alter the biomecham-
ics of the knee, hence increasing the stress on the ACL during dynamic move-
ment.

BATS as the name suggests an angle formed by blumeensaat line and the tibial
slope. This angle offers a more comprehensive understanding of the risk of ACL
injury. Research has shown that an increase in posterior tibial slope has a signif-
icantly higher risk of ACL injury [8]. Alentorn-Geli et al found that the angle
between the Blumensaat line and the anterior tibial slope (BATS angle) was sig-
nificantly greater in men with ACL injury [9]. However, other authors were not
able to reproduce the similar findings.

Our study aimed to determine whether the blumeensaat inclination angle
(BIA) and angle between blumeensaat line and tibial slope (BATS) influence the
risk of ACL injures. We hypothesize that a larger angle will certainly increase the
risk of ACL injury.

2. Material and Method

We retrospectively collected and elavuated 142 knee MRI done in Hospital Sul-
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tan Ismail spanning from January 2017 to November 2020. A total of 57 patients
with history of fracture around the knee joint, knees with multiligamentous in-
juries, inflammatory arthritis, tumour and duplicates were excluded from the
study. The remaining 85 knee MRIs were taken for this study.

These numbers were then divided into 2 groups; a study group was patient
with ACL injuries, with or without meniscus and cartilage injuries, and a control
group was patient with no ACL injuries (Figure 1).

The demographical details such as age and gender were extrapolated and rec-
orded. The BIA and BATS angle were measured in sagittal plane MRI as de-
scribed by Koji Iswasaki ef a/ and Alentorn-Geli et al. (Picture 1 and Picture 2).
The data is then recorded.

Statistical analysis performed using the R software (version 3.6.1; Foundation
for Statistical Computing, Vienna, Austria). Descriptive statistics performed for

variable interest + t.

Picture 1. Sagittal t-1 weighted image of Blumensaat Inclination Angle (BIA) taken at the
center of sagittal cut in MRI.

Picture 2. Sagittal t-1 weighted image of the angle between the Blumensaat line and the
anterior tibial slope (BATS angle), an angle formed by Blumensaat line and a line running
along the tibial slope.
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An independent t test were used to compare the age, the blumeensaat inclina-
tion angle and the angle between Blumensaat line and tibial slope based on ACL
injury group and control group. Chi square test is use to evaluate the gender

proposition between these 2 groups.

3. Result

A total of 85 patients out of 142 patients were included in our study group which
was divided into 2 groups. In ACL injury group, there were 54 patients, where

else in the control group, there were 31 patients respectively as shown in Figure 1.

Total patients
n=142

Excluded
57

Final patients
n=285

ACL injury group Control group
n=54 n=31

Figure 1. Flow chart showing the inclusion/exclusion of patients.

Table 1 compares both the ACL injured group and the control group against
age, gender, the BIA and the BATS results using independent test and chi-square
test. Based on Table 1, the age comparison between the ACL injured group and
control group shows that the mean age of ACL injured group is 32.7 years (SD =
8.95) and mean age for the control group is 42.5 years (SD = 14.54). This differ-
ence in mean age between the 2 group is statistically significant (p-value =
0.004), indicating the individuals with intact ACL are generally older than those
who have injured their ACL.

Based on the gender distribution, ACL injured group has 46 males (73%), and
8 females (36%) and the control group has 17 males (27%) and 14 females (64%).
The gender distribution difference between these 2 groups is not significant
(p-value > 0.05)

As for the Blumensaat Inclination Angle (BIA), the mean BIA for ACL injured
group is 36.20° (SD = 4.542°) and the mean BIA for the control group is 37.25°
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(SD = 4.941°). The difference in BIA between the ACL injured and control
group is statistically not significant (p-value = 0.32)

Meanwhile, in the measurement of the angle between Blumeensaat line and
Tibial Slope (BATS), it shows the mean Bats measurement is 26.33° (SD = 5.78")
in the ACL injured group and 25.26° (SD = 6.047°) in the ACL intact group. this
reading are also not statistically significant (p-value = 0.423).

Table 2 depicts the correlation between Age and BIA/BATS. Spearman corre-
lation between Age and BIA is —0.18 (p-value > 0.05) and the Spearman correla-
tion between Age and BATS is 0.145 (p-value > 0.05). Both correlations are not
statistically significant, indicating no strong relationship between age and BIA or
BATS.

Table 3 shows gender comparison for BIA and BATS. The mean Blumensaat
Inclination angle for males is 36.48° (SD = 4.645°) and for female is 36.85° (SD =
4.944°). The difference in BIA between males and females are not statistically
significant (p-value = 0.748). The mean BATS for males and females is 25.84°
(SD =5.853") and 26.35° (SD = 5.953") respectively. This too does not show any
statistical significance (p-value = 0.731).

Table 1. Comparison of both the ACL injured group and the control group against age,
gender, the BIA and the BATS.

ACL injury Intact ACL
(N = 54) (N =31) p-value
Age (mean, sd) 32.7 (8.95) 42.5 (14.54) 10.004
Gender male 46 (73%) 17 (27%)
2>0.05
female 8 (36%) 14 (64%)
BIA (mean, sd) 36.20 (4.542) 37.25 (4.941) 10.320
BATS (mean, sd) 26.33 (5.78) 25.26 (6.047) 10.423
'Independent t-test, 2Chi-square test.
Table 2. Correlation between Age and BIA/BATS.
BIA BATS p-value
Age -0.18 0.145 2>0.05
2Spearman correlation test.
Table 3. Gender comparison for BIA and BATS.
Male (N = 63) Female (N = 22) p-value
BIA (mean, sd) 36.48 (4.645) 36.85 (4.944) 10.748
BATS angle (mean, sd) 25.84 (5.853) 26.35 (5.953) 10.731
'Independent t-test.
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4. Discussion

There are numerous studies done to evaluate the anatomical risk factor for ACL
injury. The femoral intercondylar notch evaluation is the most researched ana-
tomical risk factor for ACL injury [6] [9]-[12]. The blumensaat line and the tibi-
al slope are gaining popularity when it comes to consideration of anatomic risk
factors for ACL injury [6] [13].

BATS angle was first describe by Alentorn Geli et al in year 2015 [9]. He
found out that increase in BATS angle poses a greater risk of ACL injury in pa-
tients. In year 2021, Huang et al also demonstrated similar result in his study.
He thought that ACL injured knee will be in hyperextension and lead to increase
in BATS angle [14]. However, during MR study knee was commonly position in
neutral position, hence this does not support his theory.

Our data reveals that there is a statistically significant difference in age be-
tween patients with ACL injury group and ACL intact group. The mean value of
ACL injured group was 32.7 years which was lower as compared to the non in-
jured group which was 42.5 years. This finding is consistent with the literature
suggesting that the younger individuals are more susceptible to ACL injuries
[15] [16]. This is probably due to younger individuals are more prone to engage
in higher activity level or high-risk sporting activities which in turn increases the
risk of ACL injuries. Conversely, the older population with intact ACL may re-
flect on individuals those are not involved in such activity due to maturity on
injury avoidance technique or they lead a more sedentary lifestyle.

Gender distribution between the ACL injured group and ACL intact group
does not show any statistical differences in our study. While males constitute a
larger portion of the ACL injured group (73%), the intact ACL group has a
higher percentage of females (64%). Studies have indicated that although males
often have a higher incidence of ACL injury due to more participation to high-
risk sports and activities, females are relatively at higher risk of obtaining a simi-
lar ACL injury if they participated in the similar activities [17]-[20]. Our study
suggests that gender alone is not a decisive factor contributing to the risk of ACL
injury. Other factors such as biomechanical effect, hormonal changes and train-
ing technique may influence the outcome of ACL as well.

In year 2012, Freddie Fu and Musahl postulated that ACL impingement in
femoral notch is major factor for ACL injury [4]. Tomas Fernandez-Jaén asso-
ciated increased BIA as risk factor for ACL injury [5]. Meanwhile, Samora ef al.
and Huang et al found smaller BIA in ACL injured group [7] [14]. Bouras et al
were not able to find significant difference in BIA between 2 groups but his
study only included female patients [21]. Due to the difference in previous stu-
dies, we decided to look into our local population to gain more insight of this
theory. The comparison of BIA between the injured ACL and the intact ACL
group did not yield a statistically significant difference. The mean BIA in our
study showed a slightly lower value (36.20°) in the ACL injured group compared
to the ACL intact group (37.25°). The Blumensaat line, is the inclination of the
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intercondylar roof, has been hypothesized to influence the risk of ACL injury
due to the impact on the biomechanics of the knee joint [14]. Mas Matas et al.
reported that a BIA angle of more than 38.5° causes the ACL to be placed more
horizontally, hence increase the ACL impingement over the anterior intercon-
dylar notch, eventually leading to ACL injury [22]. However, the lack of signifi-
cant difference in our study may suggest that BIA alone is not a sufficient pre-
dictor for ACL injury. Our study corresponds to study done by Bouras et al, but
his study subject are only consists of female patients and found there was no sig-
nificant difference between the injured and the non injured ACL group [21] as
this indicator reveals that they are mixed findings, it is a weak indicator to assess
the risk of ACL injury. Moreover, the exact mechanism on how the BIA affects
the ACL injury in unknown. So, further biomechanics study is needed to eva-
luate the relationship of BIA and ACL injury.

Surprisingly, there are discrepancies between the value of BIA measured in
different studies. Huang et a/ and Uozumi et al recorded values closes to ours
which was 39.8° and 35° respectively. Whereas Bouras ef a/. and Ferndndez-Jaén
et al. showed 44° and 57° [8] [14] [21] [23]. There is a huge discrepency between
these study that measures about 13° but with using the same measurement tech-
nique [20]. We can only postulate that our study recorded a lower value as Asian
knees are much smaller compared to westerners. However, more studies have to
be done to come to a conclusion.

On the other hand, our study did not find any significant difference in BATS
angle between the ACL intact group and ACL injured group (p-value = 0.423).
The ACL intact group group had a mean BATS angle of 26.33° while the injured
group had a mean BATS angle of 25.26°. Previous researches have suggested that
a steeper tibial slope may contribute to increase in the risk of ACL injury by af-
fecting the anterior tibial translation and knee joint stability [8] [24]-[26]. Newer
studies have divided the tibial slope to lateral tibial slope and medial tibial slope
and found the lateral tibial slope shows a significant difference in predicting
ACL rupture but not in medial tibial slope [14] [27].

This finding in our study goes on to show that the risk of ACL injury does
not only depend on anatomic morphometric, but it arises from multivariant
factors.

Furthermore, our study also indicates that variation in age does not significantly
impact the BIA or BATS angle within our population. This finding aligns with
the concept that anatomical features such as inclination angle and tibial slope are
relatively a stable trait and not significantly altered by age [28]. Our results also
demonstrated that neither of these angles is influenced by gender [14]

ACL injury does not only confine to non modifiable risk, but it’s a multifactorial
event which leads to failure of the native ACL. Here it is important to highlight the
prevention strategies, implementations of evident-based training programs and
knowledge of injury [29] [30]. Regular screening and monitoring along with

education would also help athletes in preventing unwanted ACL injury [29].
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Limitation in our study begins from the limited sample size to imbalance
grouping between the female and the male. There are significantly more males in
our sample as they are the predominant group that comes with knee pain that
requires MRI. Plus all our subjects that are included are those that underwent
MRI of the knee. Other limitation in our study is that we included only 2 para-
meters to conclude the risk of ACL. We also did not dwell into the details of the
tibial slope as been done in some studies that include the medial and lateral tibial
slope. All our measurements are done in 2D images and not 3D image and this

does not reflect the true anatomy of the individual.

5. Conclusions

In summary, this study only identifies age as a significant factor differentiating
induviduals with ACL injury with those with intact ACL, with younger individ-
uals being more prone for ACL injury. Our study did not show BIA and BATS
angle as an anatomical risk factor for ACL injuries. Additionally, age and gender
did not affect these angles.

These findings highlight the complexity of having ACL injury, suggesting that
BIA and BATS alone are not sufficient predictors but it goes beyond that. In the
future, this research should explore the multifactorial nature of ACL injury such
as biomechanical, genetics and training related factors to develop a more com-

prehensive approach for injury prevention strategies.
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