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Abstract 
Background: An injury to the anterior cruciate ligament (ACL) is a multifactorial injury and is 

influenced by intrinsic and extrinsic risk factors. Recently, study of variable anatomy of the proximal 

tibia has come up as a possible risk factor for an ACL injury. Increased posterior tibial slope (PTS) has 

been identified as a potential risk factor for anterior cruciate ligament (ACL) injury, but studies which 

have examined this relationship are inconclusive and sometimes results are contradictory.  

Methodology: In this study sample size of total 72 patients was included, in which 38 patients had non-

contact ACL injury and rest 34 constituted as a control group, who has same demographic characteristics 

as patients in ACL injury group. This study was conducted in period of April 2017 – Feb 2019 at tertiary 

care hospital, R.L. Jalappa Hospital, Sduaher, Tamaka, Kolar. All patients included in the study were 

above 18 years of age and also were willing to participate in the study. Patients with open injury of 

ipsilateral knee and with previous history of surgery over knee were excluded from the study. 

The posterior tibial slope was measured from a lateral knee radiograph in all the 72 cases. The data was 

analyzed for the association between an increased posterior tibial slope and the incidence of ACL injury.  

Results: In injured group of 38 patients, 15 patients were female and 23 were male. The average age of 

the patients in this group was 26.7 years (±6.3 years). The control group consisted of 34 patients, in 

which 24 were men and10 were women. The average age of the control group was 26.2 years (±6.5 

years). 

An ANOVA revealed significant differences in tibial slope angle between the 2 groups. Subjects in the 

noncontact ACL group had significantly greater tibial slope angles (8.81° ± 2.58°) when compared with 

control subjects (6.9° ± 2.67°). The trend toward greater tibial slope angles in the noncontact ACL group 

was also observed when each gender was examined independently; however, the difference was only 

statistically significant for women between the injury and control groups (8.9° ± 2.6° vs 7.2° ± 2.4°). 

Conclusion: Our results concluded that, in patients who had non contact ACL injury, had increased 

posterior tibial slope. But despite of these findings, the clinical significance of an increased tibial slope as 

an isolated risk factor for ACL injury still remains unanswered. The question also remains as to what 

degree of increased tibial slope should raise concerns about the increased risk for subsequent injury. 

Limitations of this study were less number of cases and the study included only non contact ACL 

injuries. Thus, a study with more number of subjects and also comprising of contact ACL injuries, 

probably give a better conclusion.  

Level of evidence: Case-control retrospective study; Level III. 
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Introduction  

There are several risk factors described in literature which make patients prone for anterior 

cruciate ligament injuries. These risk factors have been divided into 4 types as: anatomical 

hormonal environmental and neuromuscular [1]. While anatomic risk factors are typically the 

hardest to modify, their identification remains important for further advancement of 

preventative measures and treatment of these injuries. Tibial slope may also be an identifiable 

risk factor for ACL injuries. In the consensus statement from a recent research conference on 

ACL injuries, variations in tibial slope, among other anatomical and structural factors, were 

noted as important knowledge gaps related to the risk of ACL injury [2]. Tibial slope is defined 

as the angle formed at the intersection of a line parallel to the posterior tibial inclination and a 

line that bisects the diaphysis of the tibia. 

The relationship between posterior tibial slope (PTS) and increased anterior tibial translation  
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was measured by Dejour and Bonnin [3], who noted that for 

every 10-degree increase in PTS there was an associated 

increase in tibial translation. This was true for both ACL-

deficient and ACL intact knees using monopodal stance [3]. 

Giffin et al [4] reported that as the tibial inclination was 

increased, there was an associated anterior translation of the 

tibia relative to the femur. Although they did not find any 

increase in the in situ forces of the cruciate ligaments, they 

suggested that altering the tibial slope may be beneficial for 

ACL-deficient or posterior cruciate ligament-deficient knees 

to improve resting position and joint congruity [4]. 

Using plain radiographs to characterize PTS, some studies 

have found no correlation with ACL injury while others have 

demonstrated statistically significant variations in women 

only [5, 6, 7, 8, 9] 

Furthermore, studies that have used magnetic resonance 

imaging (MRI) to more thoroughly characterize tibial 

geometry have found that PTS on the lateral tibial plateau, but 

not on the medial tibial plateau, may be correlated with ACL 

injury. A recent meta-analysis showed that both medial and 

lateral PTS are associated with ACL injury regardless of sex 

[10]. 

The purpose of this study was to determine if there is a 

difference in PTS angle between patients with a history of 

noncontact ACL injury and a control group with no history of 

ACL injury in patients presenting to R.L.JALAPPA 

HOSPITAL, SDUAHER, TAMAKA, KOLAR. 

The null hypothesis is that there is no difference in the PTS 

angle between patients with a history of noncontact ACL 

injury and a control group without history of ACL injury.  

 

Materials and Methods 

A retrospective review of all ACL reconstructions performed 

at our institution from June 2017 – Feb 2019 was conducted. 

All subjects were available for follow-up. If a noncontact 

mechanism of injury was established, a radiographic review 

was performed. Following inclusion and exclusion criteria 

were used. 

 

Inclusion criteria 

1. Patients of age group > 18 years. 

2. All patients with closed non contact ACL injury 

 

Exclusion criteria 

1. Open injury. 

2. History of ligamentous instability 

3. History of prior surgery on knee. 

 

A control cohort of 34 patients was established from subjects 

who reported to orthopaedic outpatient department at our 

hospital with a diagnosis of anterior knee pain, patella-

femoral syndrome, or knee contusion superficial bruised knee/ 

abrasion that had radiographic evaluation that included a 

lateral knee radiograph.  

All patients in the control group underwent a detailed physical 

evaluation of the knee. Detailed physical examination also 

included details to rule out any history of ligamentous 

instability or prior surgery for the affected knee. Subjects with 

any history of instability or prior surgery were excluded from 

the control group. Subjects were also excluded if they had any 

abnormal radiographic findings or physical examination 

findings consistent with ligamentous instability. All patients 

had a minimum of 2 radiographic views of the knee, AP and 

lateral. Evaluation of the lateral knee radiographs to establish 

the PTS was done for all subjects, using the method described 

by Dejour and Bonnin [6] to measure the slope of the medial 

tibial plateau (Figure 1).  

 

 
 

Fig 1: Showing method to calculate posterior tibial slope 

 

The PTS angles were measured using the IMPAX system and 

the digital software measurement package of the computer. 

Analysis of variance (ANOVA) tests were performed to 

analyze the data. Differences in PTS between the 2 groups 

and by gender within each group were examined. 

The dependent variable in our analysis was PTS angle, and 

the 2 independent variables were group and gender, each 

consisting of 2 levels. The 2 levels of the group variable 

consisted of those subjects with noncontact ACL injuries and 

an uninjured control group. Within each group, the data were 

further examined to identify gender differences.  

Interobserver reliability was assessed by calculating the 

intraclass correlation coefficient, along with 95% confidence 

intervals as a measure of precision, between the 2 raters for 

PTS measures. 

 

Results 

A total of 72 patients were included in the study and out of 

which 38 were diagnosed as ACL injury on MRI and other 34 

patients consisted of control group who did not had ACL 

injury but had similar demographic characteristics as injured 

group were included in study. In injured group of 38 patients, 

15 patients were female and 23 were male. The average age of 

the patients in this group was 26.7 years (±6.3 years). The 

control group consisted of 34 patients, in which 24 were men 

and10 were women. The average age of the control group was 

26.2 years (±6.5 years). 

An ANOVA revealed significant differences in tibial slope 

angle between the 2 groups (Table 1). Subjects in the 

noncontact ACL group had significantly greater tibial slope 

angles (8.81° ± 2.58°) when compared with control subjects 

(6.9° ± 2.67°).  

The trend toward greater tibial slope angles in the noncontact 

ACL group was also observed when each gender was 

examined independently; however, the difference was only 

statistically significant for women between the injury and 

control groups (8.9° ± 2.6° vs 7.2° ± 2.4°).  
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Table 1: Control group Injured group 

  

 No. of subjects Mean PTS SD No. of subjects Mean PTS SD 

Women 10 7.2 2.4 15 8.9 2.62 

Men 24 6.1 2.6 23 8.4 2.669 

Total 34 6.9 2.58 38 8.81 2.67 

 

Discussion 

As concluded from above statistical analysis, our study shows 

that patients with ACL injury had greater medial PTS 

compared with the control group. Medial plateau slope was 

significantly different between our ACL injury and control 

groups. This finding is supported by multiple previous studies 

that have shown a higher lateral plateau PTS in patients with 

ACL deficiency [1, 6, 12]. Many of these studies found only 

statistically significantly greater slopes on the lateral and not 

medial tibial plateau. As independent, non-modifiable risk 

factors, the debate of the significance of notch width and PTS 

and their influence on ACL injuries appears to be unresolved 

[18]. Souryal and Freeman [19] have reported that a small 

intercondylar notch width index results in an increased risk 

for ACL injury. LaPrade and Burnett [13] found similar results 

when evaluating collegiate athletes.  

The 2 previously published articles evaluating the association 

between PTS and noncontact ACL injuries have resulted in 

conflicting outcomes [5, 14]. Meister et al [14] compared 50 

knees from 49 ACL-deficient patients (25 men) with 39 age-

matched patients (17 men) with patellofemoral pain. Physical 

examination and arthroscopy were used to confirm the ACL 

injury in study group, and physical examination alone was 

used for the control group. A single examiner measured both 

groups. The average slope was 9.7° for the injured group 

versus 9.9° for the uninjured group. They concluded that PTS 

was not an identifiable risk factor for a noncontact ACL 

injury [14]. Brandon et al [5] performed a similar analysis using 

a larger cohort of patients (100 patients, 66 men) for 

evaluating the tibial slope and included a group and gender 

stratification. The injury cohort was determined by history, 

physical examination, and MRI. 

In agreement with Brandon et al, [15] we found that there was a 

statistical difference between our control group and the 

injured group. However, when the groups were stratified on 

the basis of gender, we found that only the women showed a 

statistical difference (Table 1). No difference in PTS was 

noted between the injured and control groups for men when 

our analysis was stratified by gender, which suggests that the 

variability between women in the injured and control groups 

influenced the overall statistical model when male and female 

subjects were combined. 

The degree of slope that would be clinically relevant is still 

open for debate, as we are discussing a few degrees of 

difference between groups. Also future studies are needed to 

evaluate the psychometric properties associated with different 

measurement techniques for assessing the PTS angle. 

Finally, the measurement technique described by Dejour and 

Bonnin6 relies on the use of the medial plateau for 

measurement because it is the most easily recognizable on 

plain radiography; however, evaluation of the lateral plateau 

may be more appropriate and warrants further investigation. 

Stijak et al. [20] used MRI and plain radiography to evaluate 

the relationship between PTS and ACL injury. They found an 

increased PTS of the lateral plateau for their injury cohort 

versus the ACL-intact cohort. An increased lateral tibial 

plateau slope may influence the rotation of the knee and 

ultimately the pivot shift phenomenon. 

A primary limitation of the current study is its retrospective 

nature. Prospective data collection and follow-up examining 

several anatomical and structural factors related to ACL 

injury would be preferential.  

Furthermore, because MRI studies were not available for all 

subjects in the control group we had to rely on the 

information in the medical record to rule out ACL injury in 

that group. As a result, it is possible that patients with partial 

ACL injuries may have been missed, although we believe this 

possibility to be very less. The size of the injured female 

cohort, although larger than in the previous studies, is limited 

by the collection population at our institution, which may 

result in some selection bias. 

The strengths of the study include the large number of 

measured patients for both the control and injured groups, 

thus eliminating the possibility of type II error. Although no 

study has specifically evaluated manual versus digital 

measurement of tibial slope, the use of digital radiographs and 

computer-assisted angle measurement software is supported 

in the literature for improved reliability, precision of 

measurement, and elimination of intrinsic error associated 

with manual techniques [7, 9, 16, 18]. 

 

Conclusion 

Our results concluded that, in patients who had non contact 

ACL injury, had increased posterior tibial slope. But despite 

of these findings, the clinical significance of an increased 

tibial slope as an isolated risk factor for ACL injury still 

remains unanswered. The question also remains as to what 

degree of increased tibial slope should raise concerns about 

the increased risk for subsequent injury. Limitations of this 

study were less number of cases and the study included only 

non contact ACL injuries. Thus, a study with more number of 

subjects and also comprising of contact ACL injuries, 

probably give a better conclusion.  
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