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Abstract 

Background This study aims to investigate the association between bony morphological features and ACL injury 
and to identify potential risk factors for the identification and prevention of ACL injuries. The study used knee MRIs 
to examine the distal femoral and proximal tibia morphology of 500 patients aged 19–50, including 250 cases 
with an injured ACL and 250 controls with a non-injured ACL. Previous literature has shown that ACL injuries are 
a common occurrence in sports and can have serious long-term consequences. Several risk factors have been identi-
fied, including anatomical variations in the bony structures of the knee. However, the relationship between bony mor-
phology and ACL injury is not well understood, and there is a need to investigate the potential role of these factors 
in the identification and prevention of ACL injuries. This study was necessary because of the high incidence of ACL 
injuries and the potential long-term consequences, such as osteoarthritis, associated with this injury. By identifying 
potential risk factors, such as bony morphological features, it may be possible to develop targeted prevention strate-
gies to reduce the incidence of ACL injuries. The study also adds to the existing literature by providing new insights 
into the relationship between bony morphology and ACL injury, and by identifying specific parameters that can be 
used to predict ACL injury. 

Results There was a significant difference in bony morphology between ACL-injured and non-injured patients. The 
most convincing parameters of femur and tibia were notch width index (NWI), medial tibial plateau depth (MTPD), 
and lateral tibial plateau slope (LTPS). A significantly smaller intercondylar notch was seen in the injured patients 
(mean 17.25 mm) than in controls (mean 18.41 mm) (p < 0.001, unpaired t test). The findings indicate that among all 
the features assessed, the medial tibial plateau depth (MTPD) stands out as the most statistically significant 
with an odds ratio of 2.4, and it demonstrates a substantial association.

Conclusions ACL-injured patients have a narrower NWI, shallower MTPD, and steeper LTPS, which appear to be asso-
ciated with ACL injury. Identifying the cut-off values for these parameters can help predict ACL injury.

Keywords MRI, ACL injury, Risk factors

Background
Anterior cruciate ligament (ACL) is the most injured lig-
ament in the knee; ACL injuries occur frequently in both 
athletes and non-athletes. In the USA, the prevalence of 
ACL injury is 1 in 3000, and approximately 250,000 inju-
ries occur every year [1]. A significant number of studies 
have been carried out to identify the predisposing factors 
of ACL injuries of which age, sex, and anatomical factors 
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are notable [2–5]. Studies have shown that female ado-
lescents participating in jumping/landing sports are at a 
substantially higher risk of ACL injury compared to their 
male counterparts, with a fourfold to sixfold increased 
risk [6, 7]. The passage of the Educational Assistance Act, 
Title IX, led to a significant increase in female partici-
pation in high school sports, increasing nearly ninefold 
from 0.3 million to 2.8 million. However, this increase 
in participation has also resulted in a rise in ACL inju-
ries among female athletes. Significant disparity exists in 
understanding risk factors; however, three major factors, 
namely anatomical, hormonal, and neuromuscular hold 
ground in this gender disparity [8]. Thigh length, height, 
and femoral NW variations can also predispose to ACL 
injury as shown in various studies [2].

Recent studies have highlighted a growing body of 
evidence indicating that abnormal biomechanics in the 
lower limbs during injury-prone movements, such as 
jump sports, deceleration, lateral pivoting, and land-
ing sports, may be a contributing factor to ACL injuries 
in females [8–11]. The most effective imaging technique 
for assessing knee and ACL injuries is magnetic reso-
nance imaging (MRI), which has been demonstrated to 
have high sensitivity and specificity [12]. Although sev-
eral studies have emphasized the importance of a nar-
row NW, typically observed in females, in relation to 
ACL injury, there is still no unanimous agreement on this 
theory, as some studies have presented conflicting results 
[13–16]. 

The purpose of this study was to evaluate multiple bony 
morphological features observed on MRI in patients with 
and without ACL injury. The objectives were achieved by 
measuring anatomic variables of proximal tibia and dis-
tal femur and assessing these parameters to determine 
whether they are risk factors for ACL injury.

Methods
This is a retrospective, unmatched case–control, single-
centre study conducted on 500 patients, consisting of 
250 with ACL injury and 250 controls who underwent 
MRI of the knee between January 2018 and January 2022. 
The sample size of study was calculated from expected 
proportions and assumed odds ratio from similar stud-
ies from past. Non-injured ACL patients were defined 
as having intact posterolateral and anteromedial bun-
dles with normal signal. The ACL-injured patients were 
defined as having discontinuity of fibres resulting in par-
tial or complete tear. ACL injury at all sites such as mid 
substance, femoral, and tibial attachments including 
avulsion injuries was included. Traumatic patients with 
significantly displaced fractures that limited accurate 
measurements were excluded. Unfortunately, surgical or 
arthroscopic correlation was not performed to confirm 

final diagnosis. Patients included were aged between 19 
and 50 years to ensure skeletal maturation and to avoid 
degenerative changes that may be common in the non-
included age group.

The study group was divided into 2 groups wherein the 
first group consisted of 250 individuals diagnosed with 
ACL injuries including non-traumatic (please refer defi-
nition of ACL injury as mentioned above) on MRI knee 
scans. The other group (controls) consisted of 250 indi-
viduals who were not found to have any ACL injury on 
MRI. Post-operative, degenerative, inflammatory, infec-
tive, or haemophilic arthritic and traumatic patients 
with displaced or depressed fractures causing difficulty 
in bony measurements were deliberately excluded from 
study as these conditions affect normal anatomic config-
uration and true measurements of the parameters.

Patient demographics and clinical history were com-
piled from the electronic patient records of the hospital. 
This study protocol was approved by the Scientific and 
Ethical Committee of the Institute. Informed consent 
was obtained from all individual participants included in 
study. The confidentiality was strictly maintained regard-
ing all personal details of the participants and informa-
tion related to the study.

All the patients included in the study underwent a 
standard MRI knee scan on a 1.5  T Siemens Avanto or 
a 3 T Vida Scanner. MRI protocol adequacy to diagnose 
ACL injury was audited, modified/rectified to stand-
ard before  starting  study. All images were acquired, 
while patient was in supine position with knee flexed to 
a 10-degree angle. Axial, coronal, and sagittal planes of 
T1 and proton density fat-saturated (PDFS) sequences 
were used to diagnose ACL injury and to measure bony 
parameters. Picture archiving and communication sys-
tem imaging software was used to retrieve MRI images 
and assess the various morphometric parameters using 
built-in measurement tools. Diagnosis of ACL injury on 
MRI and bony measurements was strictly done by one 
radiologist to avoid interobserver variability and bias 
arising from it.

To evaluate the femoral measurements, coronal and 
axial PDFS sequences were used. The bicondylar width 
and NW were calculated at the level of popliteal groove 
on the coronal PDFS (Fig. 1a). NWI was determined by 
dividing the notch width by the bicondylar width at the 
same level. Notch entrance width was calculated on the 
axial PDFS at the level of femoral epicondyles (Fig. 1b). 
For tibial measurements, sagittal reconstructed images 
of T1 were used. The posterior tibial slopes (MTPS and 
LTPS) were calculated (Fig. 2A). A longitudinal axis was 
first created at the mediolateral centre of the medial 
tibial plateau in the sagittal plane. A tangent was then 
drawn on this image to the tibial plateau, connecting 
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Fig. 1 Distal femoral measurements. a Coronal—notch width (red), bicondylar width (blue). b Axial—notch entrance width (orange)

the peak anterior and posterior cortical edges. The 
slope of the line, which extended through these two 
points, represented the MTPS and was measured rela-
tive to the axis perpendicular to the longitudinal axis 
of the tibia. Similarly, the LTPS was derived. Tibial axis 
was generated with double circle method. Finally, the 
MTPD measurement was calculated by drawing a line 
that connected the peak anterior and posterior points 
of the medial plateau to a line drawn tangentially to the 
deepest point of the medial plateau and measuring the 
maximum vertical distance between the two parallel 
lines (Fig. 2B).

Data analysis was done using the SPSS (Statistical 
Package for the Social Science) Version 28 for windows. 
Continuous imaging metrics were compared using 
independent sample t test. Chi-square test was used to 
compare the difference of qualitative/categorical vari-
ables in 2 groups. Data were not normally distributed 
as determined by the Shapiro–Wilk test, and there-
fore, nonparametric Mann–Whitney U test was used 
to ascertain the statistical significance between cases 
and controls. A logistic regression was performed with 
injury/no injury (i.e. cases and controls as the outcome 
variable). The independent variables with a p value < 0.1 
in univariate analysis were entered in the model, 
and univariate odds ratio was calculated by drawing 
receiver operative characteristics curves (ROCs).

Results
This study looked at 250 people with injured ACLs and 
compared their bone structure to that of 250 people 
with healthy ACLs. The two groups were not matched 
in terms of age and gender, but both were predomi-
nantly male (Table 1). The study found several differences 
between the bone structures of the two groups (Table 2). 
It is important to note that the relationship of absolute 
measurements with injury has been examined without 
reference to overall patient size or weight, except for the 
consideration of sex differences. The notch width index 
(NWI) is perhaps the only measure in this study that 
takes into account the size of the individual.

First, the injured ACL group had a significantly 
smaller intercondylar notch width (mean 17.25  mm vs. 
18.41  mm, p < 0.001) as well as a significantly smaller 
notch width index (mean 0.25 mm vs. 0.27 mm, p < 0.001) 
compared to the healthy group. In contrast, the injured 
ACL group had a significantly larger combined femoral 
condylar width (mean 51.02 mm vs. 49.43 mm, p < 0.001) 
compared to the healthy group. There were no significant 
differences at notch entrance width.

In terms of tibial parameters, the study found that 
MTPD was significantly shallower in the injured ACL 
group compared to the healthy group (mean 2.46 mm vs. 
2.76 mm, p < 0.001). LTPS was significantly steeper in the 
injured ACL group compared to the healthy group (mean 
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Fig. 2 A Tibial measurements—a Double circle method to determine true tibial longitudinal axis(green). b Calculated lateral tibial plateau 
inclination angle (red) perpendicular to longitudinal axis. B Tibial measurements—a medial tibial inclination angle (red) perpendicular to tibial 
longitudinal axis(green) and b medial tibial plateau depth (blue)
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6.05 degrees vs. 5.0 degrees, p < 0.001). There were no sig-
nificant differences at MTPS.

There exist significant bony differences between males 
and females, with females typically exhibiting smaller 
bony parameters when compared to males (Table 3a). A 
logistic regression model (Table  3b) was used to calcu-
late the odds ratio with regard to bony parameters. If the 
odds ratio for ACL injury is greater than 1 and the lower 
and upper confidence intervals are also greater than 1, 
then we can conclude that there is a statistically signifi-
cant association between a higher notch width and an 
increased likelihood of ACL injury. Specifically, there is 
a 1.24-fold increase in the odds of ACL injury associated 
with smaller notch width and a 1.74-fold increase in odds 
for ACL injury associated with a shallower MPTD.

The study also used box plots (Fig.  3) and area under 
the curve (AUC)–receiver operating characteristics 
(ROC) curves (Figs.  4, 5, 6, 7) to determine thresholds 
for significant parameters. An ROC curve was gener-
ated using the sensitivity and specificity values for the 

outcome of ACL injury (yes/no). Using Medcalc soft-
ware, the curve was plotted with sensitivity on the y-axis 
and 100—specificity on the x-axis. The cut-off value for a 
particular imaging parameter was calculated based on its 
sensitivity and specificity for diagnosing the presence of 
ACL injury. Area under the ROC curve (AUC) is a meas-
ure of how well a parameter can distinguish between the 
two groups, with an AUC of 1.0 indicating perfect dis-
crimination and 0.5 indicating chance discrimination.

For NW, the AUC was 0.64, which is considered a mod-
erate level of discrimination. The cut-off value for NW 
was 16.4 mm, and at this value, the sensitivity was 41.2% 
(meaning that 41.2% of ACL-injured patients had NW 
values above the cut-off) and the specificity was 84.8% 
(meaning that 84.8% of non-injured patients had NW val-
ues below the cut-off) (Fig. 4 and Table 4). Similar results 
were found for NWI (AUC of 0.69) and LTPS (AUC of 
0.66), with cut-off values of 0.26 and 6.7 degrees, respec-
tively (Figs. 5, 6 and Tables 5, 6). MTPD had an AUC of 
0.61, which is considered poor discrimination. The cut-
off value for MTPD was 2.83  mm, with a sensitivity of 
78.4% and a specificity of 44.4% (Fig. 7 and Table 7).

Overall, the study found that NW, NWI, MTPD, and 
LTPS were the most promising parameters for distin-
guishing between ACL-injured and non-injured patients 
and suggests that certain bone structure differences may 
be associated with an increased risk of ACL injury, par-
ticularly in females. The findings indicate that among 
all the features assessed, the medial tibial plateau depth 
(MTPD) stands out as the most statistically significant. 
With an odds ratio of 2.4, it demonstrates a substantial 
association.

Table 1 Distribution of patients based on gender with majority 
was males in both groups

p value < 0.05 (Significant) Chi-square test used

Gender Group Total p value

Cases (ACL 
injury)

Controls (ACL no 
injury)

Male 175 142 317 0.002

Female 75 108 183

Total 250 250 500

Table 2 Comparisons of knee morphometry parameters between cases (ACL injured) and controls (ACL non-injured)

$ Unpaired t test used # Mann–Whitney U test used

*Significant (p value < 0.05)

Cases (ACL Injury) Controls (ACL no injury) p Value

n Mean SD Median (IQR) (Q1-Q3) n Mean SD Median

Notch width 250 17.25 2.36 17.37 (15.6–19.0) 250 18.41 2.13 18.15 (17.0–19.9)  < 0.001*$

Bicondylar width 250 68.27 5.28 69.30 250 67.84 5.95 68.49 0.703#

Notch width Index 250 0.25 0.03 0.26 250 0.27 0.02 0.27  < 0.001*$

Femur condylar width 250 51.02 4.00 51.34 250 49.43 4.93 49.85  < 0.001#*

Notch entrance 250 20.20 3.00 20.20 250 20.23 2.82 20.33 0.907$

MTPS 250 6.52 2.06 6.14 250 6.01 1.50 5.70 0.021#*

MTPD 250 2.46 0.62 2.35 250 2.76 0.76 2.60  < 0.001#*

LTPS 250 6.05 1.77 5.80 250 5.00 1.56 5.05  < 0.001#*
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Table 3 a: Basic gender-based bony morphologic differences between ACL injured and non-injured, b: Logistic regression association 
between MRI knee measurements and association of ACL injury; c:Measurements of medial and lateral posterior tibial slopes, medial 
plateau depth, notch width, bicondylar width, notch width index, femur condylar width, and notch entrance 

a

Parameters ACL Injured (mean) ACL Non-Injured (mean)

NW

M 18.09 mm (n = 175) 19.15 mm (n = 142)

F 15.28 mm (n = 75) 17.43 mm (n = 108)

NWI

M 0.25 (n = 175) 0.26 (n = 142)

F 0.24 (n = 75) 0.27 (n = 108)

MTPS

M 6.56 degrees (n = 175) 5.97 degrees (n =  142)

F 6.39 degrees (n = 75) 6.04 degrees (n = 108)

LTPS

M 6.11 degrees (n = 175) 4.9 degrees (n = 142)

F 5.88 degrees (n = 75) 5.10 degrees (n = 108)

MTPD

M 2.52 mm (n = 175) 2.76 mm (n = 142)

F 2.32 mm (n = 75) 2.74 mm (n = 108)

b

B S.E Wald p Value Odds ratio 95% C.I. for Odds ratio

Lower Upper

Notch width 0.324 0.052 38.079  < 0.001 1.383 1.247 1.532

Femur condylar width −0.139 0.025 30.393  < 0.001 0.870 0.828 0.914

MTPS −0.286 0.068 17.930  < 0.001 0.751 0.658 0.858

MTPD 0.878 0.164 28.565  < 0.001 2.406 1.744 3.320

LTPS −0.392 0.064 37.250  < 0.001 0.676 0.596 0.766

Constant 2.877 1.381 4.337 0.037 17.754

c

Male (n = 317) Female (n = 183) p Value

Mean SD Mean SD

Notch width 18.57 2.12 16.56 2.08  < 0.001

Bicondylar width 71.16 3.69 62.67 4.13  < 0.001

Notch width index 0.26 0.03 0.26 0.03 0.195

Femur condylar width 52.60 3.21 46.11 3.49  < 0.001

Notch entrance 21.15 2.68 18.61 2.57  < 0.001

MTPS 6.30 1.84 6.19 1.78 0.496

MTPD 2.63 0.70 2.57 0.73 0.365

LTPS 5.58 1.76 5.43 1.71 0.353
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Fig. 3 Box plot data presentation showing striking differences 
between injured and non-injured ACL for various bony parameters 
from top NW, NWI, MTPD, and LTPS

Fig. 4 Receiver operating characteristic curve for notch width 
parameter with high specificity as represented in table (aDeLong et al. 
1988; bBinomial exact)

Table 4 Receiver operating characteristic curve for notch width 
parameter with high specificity as represented in table

a DeLong et al. (1988)
b Binomial exact

Area under the ROC curve (AUC) 0.640

Standard error a 0.0247

95% Confidence interval b 0.596 to 0.682

z statistic 5.655

Significance level P (Area = 0.5)  < 0.0001

Youden index J 0.2600

Associated criterion  ≤ 16.4

Sensitivity 41.20

Specificity 84.80

Table 5 Receiver operating characteristic curve for notch width 
index parameter with high sensitivity as represented in table

a DeLong et al. (1988)
b Binomial exact

Area under the ROC curve (AUC) 0.697

Standard error a 0.0231

95% Confidence interval b 0.655 to 0.737

z statistic 8.549

Significance level P (Area = 0.5)  < 0.0001

Youden index J 0.3040

Associated criterion  ≤ 0.269

Sensitivity 77.20

Specificity 53.20

Fig. 5 Receiver operating characteristic curve for notch width index 
parameter with high sensitivity as represented in table (aDeLong et al. 
1988; b Binomial exact)
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However, further research is needed to confirm these 
findings and determine how these bone structure differ-
ences may contribute to ACL injury risk.

Discussion
Anterior cruciate ligament (ACL) injuries are the most 
common outcome of knee injuries [17], and the develop-
ment of preventative methods to avoid them has become 
a matter of prime importance. The risk of early osteoar-
throsis and the added effects on quality of life make these 
injuries particularly concerning for athletes, as they may 
have serious consequences on their career [18].

Numerous studies have investigated the underly-
ing anatomical determinants of ACL injury using vari-
ous imaging techniques. Anderson et al. used computed 
tomography data to compare and investigate bone mor-
phology between ACL-injured and non-injured patients 
and found differences in certain morphological variables 
between men and women [15, 19]. Similarly, other stud-
ies have utilized MRI scans and radiography to identify 
risk factors for ACL injury [20–22].  Domzalski et  al. 
found that a narrower intercondylar notch was corre-
lated with a higher probability of ACL rupture in a young 
population [23, 24]. Park et al. identified NW and medial 
condyle width as important risk factors for ACL injuries 
in men, while notch width, medial-to-lateral ratio, and 
notch width index showed greater significance in women 
[25, 26]. A meta-analysis by Zeng et  al. found that hav-
ing a smaller notch width index increases the risk of 
ACL injury [27]. A study by Bayer S et al. talks about the 
knee morphological risk factors of ACL injury [28] and 
another by Iriuchisima T et al. talks about the influence 
of the variance in width between the tibial spine and fem-
oral intercondylar notch on the occurrence of ACL injury 
[29]. A recent meta-analysis by Renato  Andrade  et al. 
found that notch morphology such as smaller NWI and 
increased tibial slopes put the individual at higher risk of 
injuring the ACL [30].

Fig. 6 Receiver operating characteristic curve for LTPS parameter 
with high specificity as represented in table (aDeLong et al., 1988; 
bBinomial exact)

Fig. 7 Receiver operating characteristic curve for MTPD parameter 
with high sensitivity as represented in table (aDeLong et al. 1988; b 
Binomial exact)

Table 6 Receiver operating characteristic curve for LTPS 
parameter with high specificity as represented in table

a DeLong et al. (1988)
b Binomial exact

Area under the ROC curve (AUC) 0.662

Standard Error a 0.0240

95% Confidence interval b 0.619 to 0.703

z statistic 6.734

Significance level P (Area = 0.5)  < 0.0001

Youden index J 0.2560

Associated criterion  > 6.7

Sensitivity 36.00

Specificity 89.60

Table 7 Receiver operating characteristic curve for MTPD 
parameter with high sensitivity as represented in table

a DeLong et al. (1988)
b Binomial exact

Area under the ROC curve (AUC) 0.610

Standard error a 0.0252

95% Confidence interval b 0.565 to 0.653

z statistic 4.356

Significance level P (Area = 0.5)  < 0.0001

Youden index J 0.2280

Associated criterion  ≤ 2.83

Sensitivity 78.40

Specificity 44.40
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In our study, we examined bony morphology differ-
ences between ACL-injured and non-injured patients 
using MRI scans. We found that smaller NW and NWI 
were risk factors for ACL injury. Women with smaller 
NW were found to be at higher risk compared to men. 
Our results were consistent with those of previous 
studies [24, 25, 27].

Another anatomical factor that has been linked to ACL 
injury is tibial slope. O’Malley et  al. found a consider-
able connection between a higher posterior tibial slope 
and ACL injury [31], and Webb et al. discovered that an 
increased tibial slope increased the risk of ACL injury 
following ACL reconstruction [32]. However, the rela-
tionship between ACL damage and tibial slope has been 
the subject of much debate and research [32, 33]. Dare 
et  al. found that lateral tibial slope was strongly linked 
to a higher incidence of ACL injuries in paediatric and 
teenage patients [34]. Although some studies have found 
a correlation between ACL injury and tibial slope, the 
results have been inconsistent and debatable [34, 35].

From a biomechanical perspective, an increased tibial 
slope may provide more translational force, which could 
lead to an increase in the tibia’s anterior motion. It is 
well established that the ACL plays a significant role in 
limiting anterior tibial mobility. As a result, an increased 
tibial slope may cause an increase in ACL tension or pos-
sibly an ACL rupture [36, 37]. In our study, we found that 
MTPD and LTPS were significant risk factors for ACL 
injury, and we established cut-off values for potential risk 
factors. Although our study did not find significant dif-
ferences in medial tibial plateau slope between cases and 
controls, we did find high specificity of LTPS and high 
sensitivity of MTPD for ACL injury.

In conclusion, the development of preventative meth-
ods to avoid ACL injuries is essential for athletes and 
individuals who engage in activities that may put them 
at risk of knee injuries. Anatomical factors such as NW, 
NWI, and tibial slope have been identified as significant 
risk factors for ACL injury. Future research should focus 
on developing preventative measures that take these risk 
factors into account to reduce the incidence of ACL inju-
ries in at-risk population.

This study, much like the recent study conducted by 
Ashwini T et al. [38], has identified a correlation between 
narrow femoral intercondylar notch, low notch index, 
shallow medial tibial plateau, and steep posterior tibial 
slopes with ACL injury within the studied population. 
Specifically, a narrow intercondylar notch (< 16  mm), 
low NI (< 0.26), shallow MTPD (< 2.8  mm), and steep 
tibial slopes (LTPS 6.3 degrees) were found to be factors 
that predispose individuals to ACL injury. MRI scans 
that show these characteristics may suggest a higher 
risk of ACL injury and prompt the need for strategic 

modifications in biomechanical movement or training to 
help prevent injury. This information can be valuable to 
orthopaedic doctors when counselling patients, imple-
menting preventive measures, and adjusting post-opera-
tive rehabilitation protocols.

There are certain limitations to our study that should 
be noted. First, the ACL injury diagnosis was not con-
firmed using arthroscopy or surgery. Furthermore, our 
study only included a mature skeleton population and 
did not examine adolescents, which may be an impor-
tant consideration when generalizing our findings to the 
wider population. Lastly, while the thickness of the indi-
vidual bundle is an important parameter, our study only 
focused on bony morphology.

Conclusions
This study provides evidence that bony morphological 
features, specifically NWI, MTPD, and LTPS, are associ-
ated with ACL injury and can be used for the identifica-
tion and prevention of ACL injuries. The results suggest 
that individuals with a narrower NWI, shallower MTPD, 
and steeper LTPS are at increased risk of ACL injury.

The findings of this study have important implica-
tions for the field of sports medicine and orthopaedics. 
Identifying individuals at higher risk of ACL injury 
based on their bony morphology could help with tar-
geted prevention strategies such as modifying training 
programs, using braces or other protective equipment, 
and recommending surgical interventions. The study 
by Mather, Richard C. et  al. [39] underscores the eco-
nomic burden associated with ACL tears and highlights 
the importance of prioritizing injury prevention and 
effective treatment approaches to minimize both indi-
vidual and societal costs. Furthermore, understanding 
the relationship between bony morphology and ACL 
injury may help guide surgical interventions and post-
operative rehabilitation to prevent re-injury and opti-
mize outcomes.

This study adds to the existing literature by providing 
new insights into the relationship between bony mor-
phology and ACL injury and identifying specific param-
eters that can be used to predict ACL injury. The findings 
of this study have the potential to improve clinical deci-
sion-making and ultimately lead to better outcomes for 
individuals at risk of ACL injury. 

Abbreviations
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