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Introduction

Anterior cruciate ligament (ACL) injuries can be a functionally 
limiting injury to the involved individual. The socioeconomic 
cost of care is far‑reaching and the long‑term effect on knee 
health has been a source of concern to orthopaedic surgeons. 
In a bid to understand the etiology of this injury and possibly 
formulate injury prevention programs, risk factors associated 
with ACL injuries have been a research focus of late.

Broadly speaking, these risk factors may be divided into 
anatomical, physiological, and environmental factors. 
Anatomic risk factors are the focus of injury prevention 
programs in patients with noncontact injuries. Anatomic risk 
factors that have been noted include the notch width (NW) 
and NW index (NWI).[1‑7] Other anatomic factors worthy of 
note include a small‑sized ACL and the intercondylar notch 
angle  (INA). The INA can determine if there would be an 
impingement of the ACL on the roof of the femoral notch and 
the consequent risk of ACL rupture.[8] In a study by Huang 
et  al.,[9] they observed a significantly smaller INA in ACL 

injured patients as compared to patients with intact ACL. 
Certain sporting activities such as basketball, soccer, and lawn 
tennis that entail undercutting and pivoting movements have 
also been noted to be predisposing factors.[10] Furthermore, 
a narrow tibia eminence has been described as giving rise to 
a smaller diameter ACL with the attendant increased risk of 
ACL rupture.[11]

The goal of this study is to attempt to characterize the TEWI) 
and INA (alpha angle) in our population of patients using case 
and control groups. The null hypothesis was that there was no 
significant difference in the mean INA and TEWI between the 
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ACL injury and control groups. The alternative hypothesis was 
that there is a significant difference between these parameters 
in the injury and control groups.

Materials and Methods

This was a case–control study involving patients between the 
ages of 15–50 years with ACL injury and controls with no such 
injury. The study was conducted between January 2016 and 
August 2020. Approval for the study was obtained from the 
institutional health research and ethics committee. Consent was 
obtained from patients for the study. The cases were patients 
with noncontact ACL injury, who consented to the study 
and who had no associated fractures of the distal femur or 
proximal tibia. The controls were patients diagnosed with early 
degenerative knee joint disease (Kellgren I or II), intra‑articular 
loose bodies in the knee, patellofemoral instability, or isolated 
meniscal injuries presenting within the study period. This 
category of control groups was selected among patients 
visiting the hospital and not from the general population 
because the INA and tibial eminence width index have not be 
established as risk factors for meniscal injuries, degenerative 
joint disease, or intra‑articular loose bodies. Furthermore, the 
risk of undue exposure of the general population to radiation 
is avoided by this. These patients were matched for gender 
and age with the patients with noncontact ACL injury. The 
patients who did not consent to the study and who did not have 
the appropriate radiographs of the knee were excluded from 
the study. Furthermore, excluded from the control population 
were the patients with fractures around the knee. In recruiting 
patients for the control group, consecutive patients diagnosed 
with noncontact ACL injury clinically and confirmed with 
magnetic resonance imaging  (MRI) in the orthopaedic 
outpatient clinic of the hospital, and who consented to the 
study were recruited. A history of a noncontact injury to the 
knee, the presence of instability particularly with pivoting and 
undercutting movements consequent to this injury was noted. 
Clinical examination was done to help establish a positive 
Lachman’s, anterior Drawer, and pivot shift tests. As part of 
the preoperative workup of the patients for ACL reconstruction, 
plain radiographs of the knee were requested. The lateral image 
of the knee was made with the patient in the supine position 
with the knee flexed to 30°. The X‑ray beam was made to pass 
through the knee joint from the medial‑to‑lateral side. For the 
tunnel view X‑ray, an axial view of the knee was made with 
the patient positioned supine and the knee flexed between 40° 
and 45°. The X‑ray beam was made to pass through the knee 
from the anterior to posterior at a 90° angle to the lower leg to 
obtain a tunnel view. Two of the authors then measured the tibia 
condyle width and the tibia eminence width using the tunnel 
view radiograph mounted on an X‑ray viewing box. The INA 
of the distal femur was measured using a lateral radiograph 
of the knee. Both measurements were taken on two separate 
occasions 3 months apart, independently. The tibia eminence 
width was measured using the method described by Uhorchak 
et al.[12] A line was drawn from the lateral to the medial border 

of the tibia [Figure 1; A and B], parallel to the tibia plateau. 
This represented the tibia condyle width. Subsequently, two 
lines perpendicular to this line and bisecting the tibia eminence 
peaks were drawn [Figure 1; C and D]. The distance between 
these two bisecting lines (CD) was taken as the tibia eminence 
width and this approximates the ACL diameter at its origin 
from the tibia. The TEWI is the tibia eminence width(CD) 
divided by the tibia condyle width (AB) [Figure 1]. For the 
measurement of the INA the principle in the method described 
by Bouras et al.[13] was applied. However, this was done using 
plain radiographs. The use of plain radiographs is supported by 
a study by Kosy and Mandalia,[14] in which plain radiographs 
were used in measuring ACL tunnel placements. The study 
lends support to the fact that plain radiographs may be adequate 
in the measurement of parameters related to the ACL such 
as tunnel position despite the extra detail three‑dimensional 
imaging such as computed tomography (CT) and MRI may 
afford. In addition, plain radiographs are part of the routine 
investigations usually requested for the clinical conditions 
in the case and control groups. MRI and CT are not usually 
routine investigations for early degenerative joint disease or 
intra‑articular loose bodies. The authors also considered the 
undue high radiation dose, these patients might be exposed to 
if a CT scan of the knee were requested for patients recruited 
for the study. These observations informed the use of plain 
radiographs by the authors in this study.

To measure the intercondylar angle, the lateral radiograph 
of the knee was mounted on a viewing box and two points, 
3 cm–5 cm apart were located along the posterior cortex 
of the shaft of the femur and away from the supracondylar 
region [Figure 2; A and B]. From these two points, a line 
perpendicular to the posterior cortex of the femur was drawn 
and continued to the anterior cortex [Figure 2; A’ and B’]. The 
length of these two lines was measured and the midpoints 
were noted on the plain radiograph. A line joining these two 
midpoints and continued distally into the knee joint area was 
drawn. This line represents the anatomic axis of the shaft of 
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Figure 1: Tunnel view plane radiograph showing measurement of the 
tibia eminence width index
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the femur. Next, a line running parallel along the cortex of 
the roof of the intercondylar notch (Blumensaat line) was also 
drawn to intersect the original line drawn along the long axis 
of the femur. The acute angle formed posteriorly between 
these two lines  was represented the INA [Figure 2; ἀ angle]. 
A similar number of patients presenting with complaints of 
the lower limb not related to ACL tear, who consented to the 
study were recruited as controls. Such lower limb injuries 
included early degenerative joint disease (Kellgren I or II), 
loose bodies in the knee, patellofemoral instability, and 
meniscal injuries. These patients were matched for sex and 
age with the patients with ACL injury. Tunnel view and 
lateral radiographs of the knee were also requested for these 
patients. Measurements of the TEW and INA were made for 
those with ACL injury. The body mass indices of the cases 
and controls were also documented.

Statistical method
Statistical analysis was performed using SPSS Statistics 
v. 22 for Windows software  (IBM). Continuous variables 
were expressed as the mean  (± standard deviation). The 
measurements were taken independently by two of the authors. 
Reliability in measurement was determined by intraclass 
correlation coefficient  (ICC). Intra‑rater reliability was 
estimated by measurements taken independently by the first 
author and inter‑rater reliability was determined by comparing 
with measurements taken by the second author who was 
blinded to the readings of the first author. The mean values for 
the TEWI and INA for the cases and controls were compared 
using the independent t‑test. The level of significance was 
taken as P < 0.05.

Results

A total of 102 ACL injured cases were seen during the 
study period. Thirty of these had their injury by noncontact 
mechanism and were recruited for the study. Thirty age‑ and 
gender‑matched controls were also recruited for the study. 

There were 18  males and 12  females. The mean values of 
the age, body mass index, Tibial eminence width index and 
Intercondylar notch angle of the case and control groups are 
as displayed in [Table 1], and this revealed no statistically 
significant difference between the groups. Also, no statistically 
significant correlation was found between the body mass index 
(BMI) and the INA and TEWI in both the case and control 
groups [Table 2]. The ICC was calculated using SPSS Statistics 
v. 22 for Windows software (IBM) (SPSS Inc., Chicago, 
IL, USA.) using an absolute‑agreement and mixed‑effects 
model. An excellent correlation was found between the 
measurement with an ICC value of 0.95 at 95% confidence 
interval (P < 0.01).

Discussion

Our study revealed that there was no significant difference in 
the mean values of the INA and TEWI between the ACL injured 
group and age and gender‑matched controls. Furthermore, there 
was no correlation between the BMI of the case and control 
groups and each of the TEWI and the INA.

The NWI, TEWI, and (INA/α angle) represent nonmodifiable 
factors for ACL injury. The NWI and INA have been noted 
to be weak indicators of ACL injury outcome.[13] In a 
comparative study by Alentorn‑Geli et al.[15] on INA in male 
patients with noncontact ACL injury, they found no significant 
difference between the injured group and controls. They used 
MRI in measuring the INA. However, in another study by 
Fernández‑Jaén et al.,[8] they found a higher INA in patients 
with a torn ACL than in those with an intact one. The study 
by Huang  et al.[10] revealed that ACL injured patients tend 
to have a smaller INA angle compared to controls. These 
series of results appear contradictory. Bouras et al.[13] in their 
study measured the INA in female patients but found no 

Table 2: Correlation of body mass index with 
intercondylar notch angle and tibia eminence width index

r (P)

Case 
(INA)

Control 
(INA)

Case (TEWI) Control 
(TEWI)

BMI (kg/m2) 0.13 (0.72) 0.05 (0.80) −0.186 (0.37) 0.25 (0.45)
BMI: Body mass index, TEWI: Tibial eminence width index, 
INA: Intercondylar notch angle
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Table 1: The mean values for age, body mass index, tibia 
eminence width index, and intercondylar notch angle

Mean±SD P

Cases Controls
Age (years) 31.53±11.37 32.37±10.36 0.53
BMI (kg/m2) 25.53±2.90 25.19±3.35 0.38
TEWI 0.20±0.65 0.19±0.27 0.553
INA (°) 43.37±5.64 42.35±6.51 0.970
SD: Standard deviation, BMI: Body mass index, TEWI: Tibia eminence 
width index, INA: Intercondylar notch angle

Figure  2: Lateral radiograph showing measurement of intercondylar 
notch angle
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significant difference between the ACL‑injured and‑uninjured 
groups. Similar to the finding of Bouras et al.,[13] the study 
by Lombardo et al.[16] involving 305 patients, and using plain 
radiographs found that the NWI was not predictive of ACL 
injury and concluded that ACL injury could not be predicted 
by the absolute measurement of the femoral intercondylar 
notch.

Our study revealed no significant difference between the injury 
and control groups despite the fact that our sample population 
unlike those of Bouras et al.[13] had both gender represented. 
However, a meta‑analysis by Zeng et al.[17] concluded that a 
narrow intercondylar NW and a lower NWI were risk factors 
associated with ACL injury.

Our result represents the first report in an exclusively black 
patient population and appears to add to the argument that 
the INA may not be a risk factor in the etiology of noncontact 
ACL injury.

The TEWI is also a nonmodifiable risk factor noted to be 
associated with ACL injury. The TEWI is said to represent the 
size of the ACL at its tibia attachment. A small TEW and TEWI 
would mean a small ACL and a small ACL has been noted to 
be an added risk factor for ACL injury.[18] Our study revealed 
no significant difference between the two groups in terms of the 
TEWI. In a comparative study of 73 patients by Xiao et al.,[11] 
the ACL group had a TEWI that was significantly lower in the 
ACL group compared with the control group both in the total 
sample population and when compared between the gender 
subgroups. Similar observations were noted by Uhorchak 
et al.[12] in their study of 895 military cadets. Our observation 
may be related to the small sample size of our study as these 
other studies had a larger sample size.

The findings in relation to the INA and risk of ACL injury 
remain largely inconsistent. As previously documented, the 
possibility exists that the risk factors for ACL injury act in 
combination rather than as  isolated risk factors.[5] Further 
research would be needed along this line to corroborate that. 
Previous research have suggested that a smaller TEWI is 
related to a higher risk of ACL injury. This was not the finding 
in our study. These other studies were conducted in a different 
population from ours. The possibility of race playing a role in 
this risk factor also leaves room for further research.

Study limitations
The limitations of this study include the fact that the sample 
size was small both in terms of the total sample size and 
the sample size on a gender basis. Second, other anatomic 
factors such as the femoral notch shape, femoral notch size, 
femoral NWI, and posterior tibia slope which may all act in 
combination to predispose an individual to ACL injury were 
not included in this study. Third, the anatomic measurements 
were done in two‑dimensional radiographic images only 
which may be a cause for inaccuracy in measurements taken. 
However, studies have shown that while CT scan may be the 
most accurate modality for anatomic measurements in the knee, 

plain radiographs offer a cost‑effective alternative to CT scan 
when CT scan cannot be used.[14,19]

Conclusion

The authors conclude that there is no significant difference 
in the mean values of the INA and TEWI between the ACL 
injured group and age and gender‑matched controls.
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