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ORIGINAL STUDY

The effect of the intercondylar notch width index on anterior cruciate ligament
injuries : A study on groups with unilateral and bilateral ACL injury

Cemile Ayse GORMELI, Gokay GORMELI, Burak Yagmur OzTURrk, Zeynep OzpeMIR, Aysegiil Sagir KAHRAMAN,
Okan YiLpiriM, Harika GOZUKARA

From Department of Radiology, Medical Faculty of Inonu University, Malatya, Turkey

Background : To evaluate the relationship of the in-
tercondylar notch width with unilateral and bilateral
ACL injury by using MR images.

Materials and Methods : The intercondylar notch
width index was measured on the MR images of
18 patients with a bilateral ACL injury, 38 patients
with a unilateral ACL injury and 53 healthy subjects
with a normal ACL and the results of all groups were
compared with each other.

Results : The mean NWI values were 0,227 (= 0.008)
in bilateral injured; 0,245 (+0.009) in unilateral
injured and 0,272 (£0.01) in control groups and
0,251(+0.01) in unaffected side of the unilateral
group. There were statistically significant differences
in intercondylar notch width index (NWI) values
between all groups and there was a significant differ-
ence between the affected and the unaffected sides in
group with unilateral ACL injury. A cutoff value of
0.25 for NWI gave an odds ratio of 26.5 for bilateral
and 3.23 for unilateral ACL injuries.

Conclusions : The finding that NWI is significantly
narrowed in patients with bilateral and unilateral
ACL tears compared with the healthy controls suggest
a relationship between a narrow NWI and an
increased risk of ACL injury. The patients with a
narrow NWI should also be screened contralaterally
for assessment of ACL injury risk on the other knee.
So, specialized training programmes for the people
with narrow NWI can be prepared for preventing
ACL injuries.
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INTRODUCTION

Anterior cruciate ligament (ACL) injury is the
most common ligament injury of the knee and com-
monly occurs during sports activities (72). The most
common injury pattern is the exertion of varus and
internal rotation force on the tibia during knee hy-
perextension. A detailed history, thorough physical
examination (Lachman, anterior drawer and pivot
shift tests) and imaging modalities (Magnetic Reso-
nance Imaging) are important steps in diagnosis of
ACL injuries.
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Taking problems such as the treatment cost after
ACL injuries, chronic complications like recurrent
instability and osteoarthritis, and prolonged periods
of return to work following the injury, particularly
in athletes, into account, it is important to define the
possible predictive factors in preventing ACL inju-
ries (5). Several radiographic parameters such as the
posterior tibial slope angle, patellar tendon-tibia
shaft angle, ACL elevation angle and intercondylar
notch width have been described in the literature in
an attempt to define radiological risk factors associ-
ated with ACL injury (9). Controversy still exists on
the role of intercondylar notch width as some studies
advocate a possible relationship between a narrow
intercondylar notch width and the risk of ACL
injury while the rest suggest that there is no
relationship between these two (2).

The purpose of this study was to evaluate the
relationship of the intercondylar notch width with
unilateral and bilateral ACL injury by using MR
images. We hypothesized that there would be a
significant relationship between a narrow intercon-
dylar notch width and ACL injury in our patient

group.
MATERIALS AND METHODS

This study was approved and performed in accordance
with the guidelines of the institutional review board in
our hospital. This was a retrospective review of 56 pa-
tients diagnosed with traumatic ACL injury. The inclu-
sion criteria were defined as ; (1) the presence of ACL
injury and (2) skeletal maturity (age = 18 years). All pa-
tients underwent MRI and the diagnosis of ACL tears
were confirmed during arthroscopy. Eighteen of these
patients also had an accompanying contralateral ACL in-
jury. The patients were excluded from the study if they
were skeletally immature (age < 18 years), had a con-
comitant ligament injury (MCL, PCL or LCL) or had a
prior knee surgery. Eighteen patients with a bilateral
ACL injury constituted Group I, while 38 patients with a
unilateral ACL injury formed Group II. Fifty-three skel-
etally mature patients without any ligament injury or a
history of knee surgery, who had no evidence of osteoar-
thritis or lower extremity malalignment on radiographic
evaluation, were included as the control group (Group
1I).

All patients had MRI of the knee. The MRI scans were
performed supine with the knee extended. The examina-

Fig. 1. — NWI is the ratio of the intercondyler notch to the
width of the distal femur at the level of the popliteal groove.

tions were performed on GE SIGMA Excite HD 1.5 T
(GE Health, Milwaukee, USA) using a quad coil. Axial
proton density (PD) weighted, sagittal T1 and T2 weight-
ed and coronal T2 weighted images were taken with
4 milimeters slice thicknessto evaluate the extent and
confirm the diagnosis of ACL injury.

Notch width (NW) measurements were calculated
according to the method reported by Souryal and
colleagues (5). The Notch Width Index (NWI) is the ratio
of the width of intercondyler notch to the width of distal
femoral condyles at the level of the popliteal groove
(Fig. 1). The images were evaluated by an experienced
radiologist blinded to the information regarding the pa-
tient age, gender, history, symptomatology and injury.
Two measurements were made for each patient and the
average values of these measurements were used for
statistical purposes.

Statistical analysis was performed with SPSS 13.0
(SPSS Inc, Chicago, IL, USA). The results between the
groups were compared by using one-way ANOVA test.
The comparison between the affected and the unaffected
side of the patients in group 2 were made by using un-
paired-t test. To determine the cutoff value indicating a
high risk for ACL injuries receiver operating characteris-
tic (ROC) curves were prepared from the measured data
of MRI. The oddsratio was calculated based on cross
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Table I. — Demographic comparison of control and study groups

Number of cases Injured group (n) Non-injured group (n)  |P value
Age (years) 299+93 3102+79 0418
Gender
Female 15 22 0.074
Male 71 53
Side
Right 42 46 0.955
Left 27 29

Statistical significance: p < 0.05.

tabulation using the cutoff value. A two-tailed p value
< 0.05 was considered to be statistically significant.

RESULTS

The study population included 109 patients with
a mean age of 26,8 +5,8. Group I (bilateral ACL
injury) included 18 patients while group II (unilat-
eral ACL injury) included 38 patients and group III
(non-injured) consisted of 53 patients. There is no
significant difference between injured (group I and
II) and non-injured (group III) group’s gender, age
and affected side (Table I).

The mean NWI values were 0,227(x0.008) in
group I; 0,245 (£0.009) in group II and 0,272
(£0.01) in group III (Table I). There were statisti-

cally significant differences in NWI values between
all groups (p < 0.05) (Fig. 2).

The mean NWI of the affected side in group II
was 0,251(+0.01). There was a significant differ-
ence between the affected and the unaffected sides
in group II (p < 0.05).

ROC curves were prepared from NWI data to de-
termine a cutoff value. A NWI of 0.25 gave sensi-
tivities andspecifities of 0.94 (%94), 0.88 (%88) for
group 1 and ; 0.61 (%61), 0.95 (%95) for group 2.
NWI cutoff value was set at 0.25 based on these
results. Using a NWI of 0.25 cutoff value gave odds
ratio for developing bilateral ACL injuries of 26.5
(95% CI: 6.71-104.95) and 3.23 (95% CI: 2.23-
4.68) respectively. These results show that subjects
with a <0.25 NWI have a risk of developing

Group
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<> p<0.005.

P-227:0.008
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Fig.2. — NWI obtained from T2 weighted coronal MR images
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bilateral ACL injury 26.5 times and unilateral ACL
injury 3.23 times higher than for subjects with a
>0.25 NWI.

DISCUSSION

Determining the risk factors for ACL injury is an
important step in preventing these injuries. Training
programs individually tailored by taking these risk
factors into account may help decrease the ACL
injury rates in the athletes. The factors such as lower
extremity malalignment, posterior tibial slope,
intrinsic ACL material properties, patellar tendon-
tibia shaft angle, ACL elevation angle, hormonal
variation, neuromuscular control related biome-
chanical factors and intercondylar notch size have
been suggested as possible intrinsic risk factors for
ACL injury in the literature (7).

There exist several studies which investigated the
relationship between a narrow intercondylar notch
width (NW) and the risk of ACL injury. In 1938,
Palmer et al first suggested that a narrow NW is
associated with an increased risk of ACL injury (14).
Later in 1988, Souryal ef al reported a significant
relationship between bilateral ACL tears and a
narrow NW in a study using direct radiographs. The
authors also described the concept of notch width
index (NWI) and suggested its use in preventing
ACL injuries 27). In a study on 46 patients with
ACL tears, a significant decrease in NWI was found
in patients with ACL tears compared to the control
group (8). Sonnery-Cotet et al proposed that a
narrow NWI is an individual risk factor for ACL
injury (79). Similarly, LaPrade et al concluded that
athletes with intercondylar notch stenosis appear to
be at increased risk for noncontact anterior cruciate
ligament injuries (/3). Chung et al suggested that the
small notch width can be regarded as an anatomic
intrinsic risk factor for ACL injuries (6). On the oth-
er hand, there is scarce information in the literature
regarding the relationship between the narrow NWI
and bilateral ACL injuries. In a comparative cohort
study with 25 bilateral and 30 unilateral ACL in-
jured knees, the mean NWI was found significantly
different between bilateral and healthy groups. The
authors also noted a significant difference between
bilateral and unilateral groups (11).

Contradictory to the above, the results of several
studies deny a significant relationship between a
narrow NWI and the risk of ACL injury. In a study
on athletes with chronic ACL tears and a healthy
control group, Herzog et al measured NWI with di-
rect radiographs and MRI. They found no signifi-
cant relationship between NWI and ACL injury (10).
Schinkendantz et al calculated NWI on routine
notch view radiographs of 31 knees of patients with
bilateral, 30 with unilateral injury, and 30 with no
ACL injury. They found no significant differences
between patients with unilateral or bilateral com-
plete ruptures of the anterior cruciate ligament and
concluded that intercondylar notch measurements
made from radiographs may not be reliable predic-
tors of ACL injury (17). Alizadeh et al found no sig-
nificant difference in the mean NWI between ACL
injured and non-injured groups (7).

Controversy still exists about the imaging modal-
ity that should be routinely used in the measurement
of NW. Shellbourne et al found a correlation be-
tween the preoperative radiographic NW measure-
ments and intraoperative measurements (18). Other
authors concluded that MRI measurements of inter-
condyler notch width are more accurate than mea-
surements on plain radiographs (77,710). Although
inexpensive and practical, conventional radiographs
may not always yield accurate and standardized
measurement results due to the variability in patient
positioning and compliance, experience of the radi-
ology technician and technical aspects. Because of
this reason, we preferred to utilize routine coronal
MR images for measurements in this study (3).

We acknowledge that our study has some limita-
tions.This study was conducted on a local popula-
tion within a certain geographical location and this
decreases variability and generalizability of the
results. Apart from the narrow NW, several other
factors that may possibly have an effect on ACL in-
jury, such as the age, hormonal factors and activity
profile (2,16,15) were not taken into account. These
factors should ideally be accounted for to accurately
determine the relationship between the NW
measurements and the ACL injury. Another short-
coming of our study is the lack of a comparison
between the width or orientation of ACL and NWI.
The results of a recent study showed the notch
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morphology has a significant influence on ACL
tears, however found no significant relationship be-
tween a narrow NW and ACL injury (4). In this
study, we could not determine the influence of notch
morphology on ACL tears because an evaluation of
the notch morphology was not carried out. Further
studies focused on this subject are needed to clarify
our view on this matter.

CONCLUSION

Our findings of MRI measurements showing that
NWI is significantly narrowed in patients with bilat-
eral and unilateral ACL tears compared with the
healthy controls suggest that a narrow NWI is
associated with an increased risk of ACL injury.
The patients with a narrow NWI should also be
screened contralaterally to prevent ACL injuries on
the other knee. So, specialized training programmes
for the people with narrow NWI can be prepared for
preventing ACL injuries.
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