
Journal of Clinical and Diagnostic Research. 2023 Jan, Vol-17(1): TC01-TC04 11

DOI: 10.7860/JCDR/2023/58727.17268 Original Article

R
ad

io
lo

g
y 

S
ec

tio
n Evaluation of Posterior Tibial Slope for 

Anterior Cruciate Ligament Tear and 
Meniscal Tear: A Cross-sectional Study

INTRODUCTION
The day-to-day activities of everyday life are largely dependent 
on the lower limb. The knee joint, being a type of complex hinge 
joint in the body supports the various activities of everyday life. 
It has a vital role in weight-bearing and maintaining the position, 
whether standing or moving [1]. The knee joint can be considered 
as two joints, a tibiofemoral joint, and a patellofemoral joint. The 
tibiofemoral joint is responsible for transmitting the weight of the 
body from the femur to the tibia and provides a hinge-like sagittal 
plane joint rotation accompanied by a small degree of tibial axial 
rotation [2].On the other hand, the primary function of the patellae 
is to act as a mechanical pulley for the quadriceps, when the 
patellae go through a change in the direction of the extension 
force throughout the knee range of motion [3]. The knee joint has 
various ligaments that provide stability to the joint. The ligaments 
and menisci are often injured during heavy activities that cause 
strain to the knee joint. Early diagnosis and treatment are essential 
to prevent disability of the knee joint.

The articular surface of the tibial plateau forms posterior and inferior 
slopes about the longitudinal axis of an axial center and is known 
as the Posterior Tibial Slope (PTS) [4]. This slope is found to vary in 
different studies according to age, gender, and ethnicity [5,6]. The 
Posterior Tibial Slope (PTS) is measured to assess its relationship to 
tibial translation, knee joint stability, and Anterior Cruciate Ligament 
(ACL) injuries [7]. The knee biomechanics is largely affected by the 

Posterior Tibial Slope (PTS). The PTS is considered an indicator of 
ACL tears [5]. Studies have shown that individuals with ACL injuries 
have a greater PTS than individuals with normal  ACL [8-10]. In 
addition, PTS plays an important role in the planning of surgical 
interventions such as tibial osteotomy, tibial osteoarthritis, and knee 
arthroplasty [4].

Many studies have proved that PTS can be a factor that influences 
the incidence of ACL tears [6,9,11]. But to the best of authors’ 
knowledge, none of the earlier performed studies has evaluated 
the PTS for different Grades of ACL tears. Hence, this study would 
be a pioneer that has investigated the PTS for different grades of 
ACL tears on X-ray and MRI. This knowledge about PTS would 
improve the outcome of ACL tear treatment as PTS is a factor that 
influences the biomechanics of the knee.

This study has focussed on evaluating the measurements of the PTS 
for different grades of ACL tears on X-ray and Magnetic Resonance 
Imaging (MRI). Furthermore, the gender difference in PTS for ACL 
tears was evaluated and PTS for meniscal injuries was assessed, 
and compared it with the PTS measured for ACL injuries.

MATERIALs AND METHODs
A cross-sectional study was conducted in the Department of 
Radiodiagnosis and Imaging at KS Hegde hospital, Mangaluru, 
Karnataka, India, from April 2020 to March 2021. The study was 
initiated after obtaining ethical clearance from the Institutional Ethical 
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ABsTRACT
Introduction: The Posterior Tibial Slope (PTS) is an angle 
formed by the tibial plateau and supports the biomechanics of 
the knee joint. This slope is found to be a factor in differentiating 
ACL tear injuries. Earlier studies have shown the association of 
PTS with Anterior Cruciate Ligament (ACL) tears but have not 
evaluated the PTS values for different gradings.

Aim: To evaluate the PTS on X-ray and Magnetic Resonance 
Imaging (MRI), for patients with different grades of ACL tears, 
and patients identified with meniscal tears.

Materials and Methods: This cross-sectional study was 
conducted from April 2020 to March 2021 at the Department 
of Radiodiagnosis and Imaging, KS Hegde hospital, Mangaluru, 
Karnataka, India. A total of 30 patients were studied, in which 
20 patients with ACL tears underwent both X-ray and MRI, while 
the 10 patients with meniscal tears were only subjected to MRI. 
The PTS was evaluated for different grades of ACL tears on 
X-ray and MRI  by an experienced  Radiologist. The  number of 
patients with  grade I, grade II, and grade III ACL tears were 7, 6 
and 7, respectively. Paired t-test was used to evaluate the mean 
PTS for the identified grade of the ACL tear. One-way Analysis 
of Variance (ANOVA) and Bonferroni post hoc test was used to 
analyse the difference between grades of the ACL tear.

Results: The mean age of the study population was 
32.50±16.363 years, and the male-to-female ratio was 4:1. 
Both right, as well as the left knee, were included in the 
study, and the left-to-right knee ratio was 3:2. There was a 
significant difference in PTS between Grades of ACL tears 
(p-value-0.001). The PTS was observed to increase as the 
severity of the ACL injury increased.The mean PTS value 
obtained on x-ray for grade I, grade II, and grade III ACL tears 
were 10.85±0.54, 14.18±0.62, and 16.46±1.56, respectively. 
While the mean PTS value obtained on MRI for grade I, grade 
II,and grade III ACL tears were 10.85±0.53, 14.19±0.60, and 
16.47±1.55, respectively. There was no significant difference 
in the PTS measured for ACL tears between the  X-ray and MRI 
(p-value>0.05). Further, the results did not show any difference 
of significance in the PTS measured on MRI between ACL 
tears and meniscal  tears (p-value>0.05).

Conclusion: The PTS can be used as an aid in the identification 
of the severity of the ACL injury. The PTS could also be used as 
a tool to recognise the presence of ACL tears on X-ray and this 
could be an important prognostic factor towards the functional 
outcome.
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the PACS system where the PTS measurements were conducted. 
The sagittal plane was chosen as the image of interest for evaluating 
the PTS on MRI. First, the MRI-longitudinal axis of the tibia was 
recognized by finding the MRI slice that exhibited the Posterior 
Cruciate Ligament (PCL) attachment and the intercondylar eminence. 
Then, the lateral plateau was identified and a tangent to it was drawn, 
and also a reference line perpendicular to the longitudinal axis was 
drawn. The PTS was then measured as the angle between the 
tangent and the reference line [Table/Fig-2]. The PTS was measured 
for different grades of ACL tear on X-ray and MRI [Table/Fig-3].

sTATIsTICAL ANALYsIs
The collected data were analysed using the Statistical Package for 
Social Sciences (SPSS) version 20.0 software. Paired t-test was used to 
evaluate the mean PTS for the identified grade of the ACL tear. One-way 
Analysis of Variance (ANOVA) and Bonferroni post hoc test was used to 
analyse the difference between grades of the ACL tear. While, Unpaired 
t-test was used to assess the PTS in males and females with ACL 
rupture and to compare the PTS data on X-ray with MRI for an ACL tear. 
The assessment of meniscal tear average values and its comparison 
with the PTS of ACL was performed using an unpaired t-test. 

REsULTs 
There were 20 patients identified with an ACL tear and had a mean 
age of 32.50 ±16.363 years. The number of male patients was 16 
(80%) and the number of female patients was 4 (20%) with ACL 
injury (male-to-female ratio was 4:1). The study included 12 left knee 
cases (60%) and 8 (40%) right knee cases. There were 10 patients 
with a mean age of 32.9±14.185 with meniscal tears out of which 
five patients had a tear in the lateral meniscus and five patients had 
a tear in the medial meniscus. Both right, as well as the left knee, 
were included in the study, and the left-to-right knee ratio was 3:2.

The analysis for grade I ACL tear revealed no significant difference 
observed on X-ray and MRI for grade I ACL tear (p-value>0.05). The 
PTS observed did not differ significantly for grade II ACL tears on 
X-ray and MRI (p-value>0.05). The PTS data evaluation for grade III 
ACL tear showed no significant difference observed on X-ray and 
MRI for grade III ACL tear (p-value>0.05) [Table/Fig-4]. The PTS for 
all grades of ACL tears in the results of the study was evaluated to 
be 13.81±2.61 on MRI and 13.83±2.70 on X-ray.

The results showed a significant difference in PTS on X-ray and also 
on MRI for intergrading  analysis of ACL tear with p-value <0.05 [Table/
Fig-5]. There was no significant difference in PTS between males and 
females found with ACL tears (p-value>0.05) [Table/Fig-6].

There was no significant difference in PTS between medial meniscus 
tear and lateral meniscus tear cases (p-value >0.05) [Table/Fig-7]. 
The PTS on MRI for ACL tear was observed to be 13.8230±2.61236 
and for meniscal tear, it was observed to be 14.9250±1.89736. 
There was no significant difference in PTS between ACL tear and 
meniscal tear (p-value> 0.05) [Table/Fig-8].

Clearance Committee (INST.EC/044/2020-21). Informed written 
consent was obtained from the subjects included in the study. 
The patients with a history of knee pain or trauma were referred 
to the Department of Radiodiagnosis for performing an X-ray or 
MRI examination of the knee within the stipulated period of study 
duration form the sample population.

inclusion and Exclusion criteria: The patients who had an X-ray 
and MRI performed of the same knee joint, within the age group of 
18-60 years with ACL or meniscal tears were included in the study. 
The patients with a previous history of knee surgery, anatomical 
variations in the tibia, and other knee pathology were excluded from 
the study based on X-ray and MRI reports.

The PTS values needed for the study were measured prospectively 
on 30 samples diagnosed with ACL or meniscal tear. The ACL tears 
were classified into three grades as follows [8]: 

Grade i- Mild tear with the ACL fibers being intact and less than 
10% of fibres torn, 

Grade ii- Partial tear with the ACL fibres being stretched and 10-
50% of fibres torn, 

Grade iii- Complete tear with the ACL fibres being separated into 
two parts and more than 50% of fibres torn.

study Procedure
The X-ray of the affected knee joint was performed using the 
digital radiography Agfa DX- D 600 system. A true lateral view was 
obtained of the knee under examination. The patient was positioned 
on the affected side with 45° flexion of the knee and sand bags  
were used to achieve adequate positioning of the patient. The 
X-ray image obtained was transferred to the PACS system where 
the measurements were conducted. The PTS was measured by 
considering the Proximal Tibial Anatomical Axis (PTAA). A reference 
line was drawn perpendicular to this tibial axis and a line tangent to 
the tibial plateau was drawn and the angle between the tangent and 
reference line was measured as the slope angle [Table/Fig-1].

The MRI examination of the same knee as referred by the 
orthopaedic department was conducted. The MRI study was 
performed on Siemens MAGNETOM Avanto 1.5 Tesla system. 
The study was initiated after ensuring that there were no metallic 
objects in the patient’s body, which is a major contraindication of 
MRI. The patient was placed supine with a feet-first orientation. 
The dedicated knee coil was placed over the knee joint under 
study. The study was performed by choosing the routine MRI 
knee protocol that consists of axial PDFS, coronal T1W, coronal 
T2W, coronal PDF, sagittal T2W, sagittal T1W, sagittal PDFS, 
and, axial T2W images. The diagnosis was performed by the 
radiologist of the Department of Radiodiagnosis and Imaging.

A single radiologist with more than 20 years of experience assessed 
both the X-ray as well as the MRI of the same knee. The patients 
identified with ACL injuries or meniscal injuries were selected as 
study samples and the images of these patients were transferred to 

[Table/Fig-1]: PTS measurement on x-ray (Iateral view). [Table/Fig-2]: PTS measurement on MRI (sagittal plane). [Table/Fig-3]: Posterior Tibial Slope measurements for 
different grades of ACL tear. Figure 3: A and D shows the measurements of PTS for Grade I ACL tear on x-ray and MRI, B and E shows the measurements of PTS for Grade II ACL tear on x-ray and 
MRI, C and F shows the measurements of PTS for Grade III ACL tear on x-ray and MRI. (Images from left to right).
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the identical knee. As per the present study, the PTS measured on 
MRI is reproducible on X-ray for different grades of ACL tears. This 
reproducibility could be used to identify the Grades of ACL tears on 
X-ray by measuring the PTS. The values measured could guide in 
identifying the grades on X-ray as the current study results showed 
the least PTS value for grade I ACL tear and the highest value for 
grade III ACL tear.

In the study performed by DePhllipo NN et al., and Panigrahi TK et 
al., the PTS values were not observed to differ significantly between 
males and females with ACL ruptures [9,14]. The observations in the 
present study were also similar to theirs as there was no difference 
of significance noted in PTS between males and females with ACL 
tears. This lack of significant difference in the present analysis could 
have occurred due to the unequal sample distribution that included 
80% male cases and only 20% female cases. Similar gender 
distribution was observed in the study performed by Kumar R et al., 
which had 90% ACL tears in males and only 5% female cases with 
ACL injuries [13]. 

The investigation performed by Alici T et al., concerning the 
association of PTS and meniscal injury demonstrated that the PTS 
for the group with lateral meniscus injury was higher compared to 
the group with medial meniscus injury [15]. The observations in the 
present study were also similar as the mean PTS for knees with 
lateral meniscus tears was greater than the knees with a medial 
meniscus tear. However, the difference observed between medial 
and lateral meniscus tears was not significant in the present study 
(p-value> 0.05). This study also attempted to compare the PTS 
obtained for ACL tear cases with the PTS obtained for meniscus 
tears but the analysis showed no significant difference. The lack 
of significance in our study could have occurred due to the lesser 
number of samples included with meniscal injuries than those 
with ACL tears.

The measurements of PTS were conducted by a single observer 
on all the images in the present study but the other investigations 
like the one performed by Kacmaz IE et al., have conducted 
the measurements by more than one observer and computed 
the data [16]. As  a future scope, the present study could be 
beneficial in identifying and recognising  the severity of ACL tears 
present standard method of grading ACL tears. The additional 
MRI studies could be avoided in suspected cases of ACL tears 
by evaluating the PTS on X-ray and this would limit the cost as 
MRI is more expensive than X-ray. The knowledge of PTS could 
also serve as a guiding factor in the surgical procedures of the 
knee joint.

Limitation(s)
Small sample size and shorter duration are the main limitations of 
the study. The PTS for different categories of meniscal tears were 
not analysed in the present study and could be performed as a 
future investigation. The study did not analyse the PTS separately 
for the medial and lateral plateau of the tibia in this study and could 
be studied in the future.

CONCLUsION(s)
The significant difference in PTS obtained among the different 
grades of ACL tears could aid in the identification of the severity of 
the ACL injury.The PTS could also be used as a tool to recognize 
the presence of ACL tears on x-ray and this could be an important 
prognostic factor towards the functional outcome. 
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DIsCUssION
One of the most frequently affected structures of the knee joint is 
the ACL and the meniscus. These are vital small structures of the 
complex knee joint that help in maintaining the stability of the joint. 
These structures mostly get injured during some traumatic non 
contact events. A factor that has been observed to be associated 
with ACL tears is the PTS. It is an angle formed anterioposteriorly  
by the tibial plateau in line with its longitudinal axis [2].

The study by Priono BH et al., revealed the PTS to be greater in ACL 
tear cases with an angle of 14.5±3.5 [11]. The study performed by 
Todd MS et al., evaluated the relationship of PTS with ACL injuries on 
X-ray film and found the PTS to be higher in ACL injuries. The PTS in 
their study for ACL tears was 9.39±2.58 [12]. And  the investigation 
by Kumar R et al., showed the PTS to be 13.037±4.487 in the study 
group with ACL tears [13]. The PTS observed in this study for ACL 
tears was quite similar to the results of  Priono BH et al., and Kumar 
R et al., [12,13].

Hudek R et al., in their study of evaluating the PTS on X-ray and 
MRI, found a difference in the PTS measured between X-ray and 
MRI of the same knee [10]. Whereas, the results in the present study 
did not show any significant difference in PTS on X-ray and MRI of 
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