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The lateral femoral notch sign and coronal 
lateral collateral ligament sign in magnetic 
resonance imaging failed to predict dynamic 
anterior tibial laxity
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Abstract 

Purpose:  To investigate the relationship between the lateral femoral notch sign as well as the coronal lateral collat‑
eral ligament (LCL) sign and anterior tibial translation using the GNRB arthrometer in patients with anterior cruciate 
ligament (ACL) injuries.

Methods:  Forty-six patients with ACL injuries were retrospectively included from May 2020 to February 2022; four 
patients were excluded due to incomplete data. Magnetic resonance imaging (MRI) were reviewed for the lateral 
femoral notch sign and the coronal LCL sign. The GNRB arthrometer was used to evaluate the dynamic anterior 
tibial translation of the knee, and the side-to-side differences (SSDs) in tibial translation between the injured knee 
and healthy knee were calculated at different force levels. Two types of slopes for displacement-force curves were 
acquired.

Results:  Six patients (14.3%) had the positive lateral femoral notch sign (notch depth > 2.0 mm), and 14 patients 
(33.3%) had the positive coronal LCL sign. The SSD of the anterior tibial translations under different loads as well as the 
slopes of displacement-force curves were the same in the positive and negative notch sign groups (p all > 0.05) and 
between the positive and negative coronal LCL sign groups (p all > 0.05). Meanwhile, the measured notch depth and 
notch length were also not significantly correlated with the anterior tibial translation SSD in the GNRB.

Conclusion:  The presence of the lateral femoral notch sign and the coronal LCL sign did not indicate greater 
dynamic tibial laxity as measured using the GNRB.
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Introduction
The occurrence of anterior cruciate ligament (ACL) inju-
ries is high in certain sports, such as soccer, handball, 
and basketball [1]. Although some signs in conventional 

radiographs are helpful, magnetic resonance image 
(MRI) remains the best imaging modality for diagnosing 
an ACL tear [2]. In addition to changes in the integrity of 
the ACL itself, some additional findings in MRIs are not 
uncommon in patients with ACL tears, such as the lateral 
femoral notch sign [3], patellar and tibial edema [4], bone 
contusions on the femoral condyles and tibial plateau [5], 
and the coronal LCL sign [6].

Open Access

*Correspondence:  yayahong@gmail.com
1 Department of Orthopaedic Surgery, National Cheng Kung University 
Hospital, College of Medicine, National Cheng Kung University, No.138, 
Sheng‑Li Road, Tainan, Taiwan 70428
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-022-05368-9&domain=pdf


Page 2 of 6Huang et al. BMC Musculoskeletal Disorders          (2022) 23:402 

The lateral femoral notch sign, defined as an impaction 
> 2 mm of the lateral femoral condyle, following an ACL 
injury is of special interest [2, 3]. Recently, it was found 
that the lateral femoral notch sign is correlated with 
concomitant posterior root tears of the lateral meniscus 
in patients with ACL tears [3]. However, little is known 
about whether the lateral femoral notch sign is a clinical 
indicator of greater dynamic anterior tibial laxity.

On the other hand, the coronal lateral collateral liga-
ment (LCL) sign has been proposed to be correlated 
with an ACL-deficient knee with good interobserver and 
intraobserver reliabilities [6]. In studies conducted by 
Mitchell et al., the coronal LCL sign was suggested to be a 
marker for static laxity of the knee since greater anterior 
translation and internal rotation of the tibia were found 
[6, 7]. Although greater tibial anterior translation has 
been found with the presence of the coronal LCL sign, 
little is known about the correlation between the coronal 
LCL sign and dynamic anterior tibial laxity.

The purpose of the present study was to investigate the 
relationship between the lateral femoral notch sign as 
well as the coronal LCL sign and anterior tibial transla-
tion using the GNRB arthrometer in patients with ACL 
injuries. We hypothesized that the lateral femoral notch 
sign and the coronal LCL sign would reflect greater ante-
rior tibial laxity.

Materials and methods
Patients
This study was a retrospective review performed in a ter-
tiary medical center. After approval from the Institutional 
Review Board (IRB) at the National Cheng Kung Univer-
sity Hospital (A-ER-110-437), a retrospective review was 
performed on a cohort of all patients diagnosed with 
ACL tears at the authors’ institution between May 2020 
and February 2022. Patients who had completed both 
an MRI and a GNRB arthrometer examination (Gen-
ourob, Laval, France) were included. Both exams were 
performed within 6 months after the injury. Patients 
with low resolution MRI, incomplete data from the chart 
review, previous ipsilateral knee ligament injuries or sur-
geries, and previous contralateral knee injury or surgeries 
were excluded. Relevant patient characteristics, including 
age, gender, and laterality, were collected and analyzed 
retrospectively.

Image analysis
The lateral femoral notch sign and the coronal LCL sign 
were evaluated from the patients’ MRI. The evaluations 
of these signs were performed separately by two opera-
tors (T-C H and C-K H) twice with a two-week interval 
between the evaluations. The intra- and inter-observer 
reliability were assessed by calculating the intra-class 

correlation coefficients (ICCs). ICC values less than 0.5, 
between 0.5 and 0.75, between 0.75 and 0.9, and greater 
than 0.90 are indicative of poor, moderate, good, and 
excellent reliability, respectively [8]. Imaging meas-
urements were performed via a picture archiving and 
communication system (INFINITT PACS, INFINITT 
Healthcare Co. Ltd., South Korea).

The lateral femoral notch sign was identified on a 
T1-weighted sagittal MRI. The notch depth was meas-
ured as the distance between the deepest portion of the 
sulcus and the tangent line connecting the anterior and 
posterior edge of the lateral femoral notch [3] (Fig.  1). 
Based on previous studies [2, 3, 9, 10], a notch sign was 
considered to be positive if the notch depth was greater 
than 2.0 mm. A positive notch sign was further cat-
egorized into grade 1 (2.0 mm to 3.9 mm) and grade 2 
(≥4.0 mm) [2]. We also measured the length of the notch 
sign, defined as the length of the tangent line between 
the anterior and posterior of the lateral femoral notch. 
The coronal T2 image or proton density image slices 
were reviewed on the MRI for the coronal LCL sign. The 
coronal LCL sign was considered positive when the LCL 
could be observed entirely from the femoral origin to 
the fibular insertion in a single coronal slice on the MRI 
image (Fig. 2) [6, 7].

Knee anterior tibial translation measurement
The GNRB arthrometer (displacement in millimeters, 
with a 0.1 mm accuracy) was used to evaluate knee laxity 

Fig. 1  Measurement of the lateral femoral notch sign. The notch 
sign was measured on a sagittal T1-weighted magnetic resonance 
imaging based on the tangent method following a previous study [3]
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by measuring the anterior tibial translation (Fig.  3). In 
accordance with the recommendations of the manufac-
turer of the GNRB (Genourob, Laval, France), the knee 
was placed in 20° flexion at a 0° rotation in a molded sup-
port in order to reproduce the typical Lachman test posi-
tion [11, 12]. The data were automatically collected in the 
computer. The examinations were performed for both 
knees, and the side-to-side difference (SSD) between 
the injured knee and the healthy knee was calculated at 
each force level (89, 134, 150, and 200 N) for each subject 
with a 0.1 mm accuracy. For each applied force, the ante-
rior tibial translation was measured simultaneously using 

the navigation system (3 measurements per knee). The 
displacement-force curve was created, and the slope of 
the curve was calculated. Slope 1 (S1) was defined as the 
slope of the curve ranging between 0 and 100 N, whereas 
slope 2 (S2) defined as the slope of the curve ranging 
between 100 N and the maximum force. The SSDs in S1 
and S2 between the injured knee and healthy knee were 
calculated for the analysis.

Statistical analysis
All statistical analyses were conducted using SPSS Sta-
tistics version 20 software (IBM SPSS Inc., Chicago, IL, 
USA). Descriptive statistics, including means and stand-
ard deviations were obtained. A chi-square test was used 
for the purpose of comparing the between-group cate-
gorical data. The Mann-Whitney U test was conducted to 
compare the between-group parameters. The Spearman 
correlation was used to evaluate the relationship between 
nonparametric variables. Statistical significance was set 
as p ≤ 0.05. Post-hoc power analyses were performed 
with G*Power Version 3.1.3 (Heinrich Heine-University 
of Dusseldorf, Dusseldorf, Germany) to calculate the 
achieved power. An alpha equal to 0.05 was given.

Results
Demographic data
Forty-six patients were initially included in the study. 
Four patients were excluded due to incomplete data, and 
42 patients were finally enrolled for the analysis. The 
basic characteristics were summarized in (Table  1). Six 
patients (14.3%) had the positive lateral femoral notch 
sign, the average notch depth and notch width of which 
were 2.30 ± 0.2 mm and 14.7 ± 2.9 mm, respectively. All 
these positive notch signs were graded as grade 1 notch 
signs. Meanwhile, 14 patients (33.3%) in the study had 
positive coronal LCL signs. The mean age and gender 
distribution were the same for the aforementioned sub-
groups (Table  1). The interobserver repeatability and 

Fig. 2  Positive coronal LCL sign (red arrows) in magnetic resonance 
imaging

Fig. 3  The setup of the GBRB arthrometer system

Table 1  Basic characteristics of the different notch sign groups 
and the coronal LCL sign groups

Age (year, 
mean ± SD)

Gender

All patients 26.7 ± 8.5 28 male, 14 female

Notch sign (+) (n = 6) 24.2 ± 6.4 4 male, 2 female

Notch sign (−) (n = 36) 27.1 ± 8.8 24 male, 12 female

p value 0.516 0.689

LCL sign (+) (n = 14) 26.1 ± 8.1 9 male, 5 female

LCL sign (−) (n = 28) 27.0 ± 8.8 19 male, 9 female

p value 0.830 0.541
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intraobserver repeatability of notch width, notch depth 
and LCL signs were summarized in Table 2.

Dynamic anterior tibial translation
The anterior tibial translation under different loads and 
slopes of the displacement-force curve from the GNRB 
for the different notch sign groups and the coronal LCL 
sign groups are summarized in Table 3. The SSDs of an 
anterior tibial translation under 134 N was the same 
for the positive notch sign group (3.8 ± 1.4 mm) and 
the negative notch group (4.0 ± 1.8 mm) (p = 0.875). 
Meanwhile, the SSD for S2 from the GNRB displace-
ment-force curve was the same for the positive notch 
sign group (12.5 ± 8.9 mm/N) and the negative notch 
group (9.3 ± 6.8 mm/N) (p = 0.449). On the other hand, 
the SSDs in the anterior tibial translation under 134 N 
were the same for the positive coronal LCL sign group 
(3.9 ± 1.9 mm) and the negative coronal LCL sign group 
(4.0 ± 1.7 mm) (p = 0.722). The SSD of S2 from the GNRB 
displacement-force curve was the same for the positive 
coronal LCL sign group (10.7 ± 6.7 mm/N) and the nega-
tive coronal LCL sign group (9.2 ± 7.3 mm/N) (p = 0.348). 
The calculated effect sizes for these data ranged from 
0.61 to 0.74. With a given α equal to 0.05, the post hoc 
achieved powers ranged from 48 to 61%.

There were no significant correlations between the 
anterior tibial translation SSD under different loads in 
the GNRB and the measured notch depth as well as 
notch width. Meanwhile, the notch depth and notch 
width were also not found to be correlated with the SSDs 
of S1 and S2 from the GNRB displacement-force curve. 
The detailed data are summarized in Table 4.

Discussion
The major finding of the current study was that there 
were no significant differences in parameters measured 
from the GNRB between the positive and negative notch 
sign groups or between the positive and negative coronal 
LCL sign groups. The lateral femoral notch sign, which 
is associated with concomitant posterior root tears in 
patients with ACL injuries [3], potentially leads to greater 
knee instability [13, 14]. Meanwhile, the greater static 

tibial anterior translation has been found in patients with 
ACL injuries with the positive coronal LCL sign [6, 7]. 
The present study further investigated whether the pres-
ence of the lateral femoral notch sign and the coronal 
LCL sign lead to greater dynamic anterior tibial laxity.

No correlation between the coronal LCL sign and the 
dynamic tibial anterior translation was found in the pre-
sent study. The coronal LCL sign is a new concept. Previ-
ous studies have indicated that patients with the positive 
coronal LCL sign have greater tibia anterior translation 
in the resting position [6, 7]. Since the findings from the 
images represent static laxity of the knee, the present 
study was aimed toward further evaluation of the corre-
lation between the coronal LCL sign and anterior tibial 
laxity using the GNRB arthrometer. Different from the 
hypothesis, the results suggested that the coronal LCL 
sign had limited predictive in terms of dynamic anterior 
tibial laxity.

The lateral femoral notch sign in MRI is not uncom-
mon, and its clinical relevance is still under investiga-
tion. A recent study in patients with ACL tears reported 
that identifying the lateral femoral notch sign in an MRI 

Table 2  The interobserver repeatability and intraobserver 
repeatability of notch width, notch depth and the coronal LCL 
sign

Intraobserver 
repeatability of 
researcher 1

Intraobserver 
repeatability of 
researcher 2

Interobserver 
repeatability

Notch depth 0.95 0.96 0.95

Notch width 0.82 0.83 0.81

LCL sign 0.89 0.93 0.86

Table 3  Mean anterior tibial translation and slope of 
displacement-force curve for the different notch sign groups and 
the coronal LCL sign groups

SSD side-to-side difference

Anterior tibial translation 
SSD
(mm, mean ± SD)

Slope of 
displacement-force 
curve SSD
(mm/N, mean ± SD)

134 N 150 N 200 N S1 S2

Notch sign (+) 3.8 ± 1.4 4.0 ± 1.5 4.6 ± 1.5 30.1 ± 18 12.5 ± 8.9

Notch sign (−) 4.0 ± 1.8 4.1 ± 1.9 4.4 ± 2.1 40.5 ± 25 9.3 ± 6.8

p value 0.875 0.999 0.875 0.388 0.449

LCL sign (+) 3.9 ± 1.9 4.0 ± 2.0 4.3 ± 2.1 38.6 ± 27 10.7 ± 6.7

LCL sign (−) 4.0 ± 1.7 4.1 ± 1.8 4.5 ± 2.0 39.4 ± 23 9.2 ± 7.3

p value 0.722 0.742 0.722 0.823 0.348

Table 4  The Spearman correlation between the parameters 
measured from the GNRB and the measured notch depth and 
notch width

SSD side-to-side difference

Anterior tibial translation 
SSD

SSD of S1 SSD of S2

134 N 150 N 200 N

Notch Depth 0.018 0.035 0.080 −0.159 0.174

P value 0.909 0.826 0.614 0.316 0.270

Notch Width −0.016 0.002 0.035 −0.171 0.248

P value 0.920 0.988 0.826 0.279 0.114
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may be predictive of concomitant posterior root tears 
of the lateral meniscus [3], which has been reported to 
be related to greater anterior tibia translation during 
the pivot-shift test [13, 14] and a trend toward greater 
tibial translation during the Lachman test [14]. The cur-
rent study provided a direct evaluation of the correlation 
between the lateral femoral notch sign and anterior tibial 
laxity using the GNRB arthrometer. Different from the 
hypothesis made in the study, the results suggested that 
the use the lateral femoral notch sign alone without iden-
tifying other structural injuries failed to predict dynamic 
anterior laxity of knee. Although the lateral femoral 
notch sign was not related to dynamic anterior knee lax-
ity, it was reported to be correlated with increased rota-
tory laxity after ACL injury [15]. Therefore, identifying 
the lateral femoral notch sign remains clinically valuable.

Although the data from different studies could not be 
compared directly, the data acquired in the present study 
were generally consistent with those in the previous stud-
ies on this topic. The prevalence of the notch sign in our 
study group was 14.3% (6/42), which was compatible with 
that found in the previous studies, ranging from 3.2 to 
52% [2, 15–19]. The interobserver and intraobserver reli-
ability values were also similar, where in previous stud-
ies, they were 0.91 and 0.90 to 0.94, respectively [15, 16], 
and in the present study, they were 0.86 and 0.89 /0.93, 
respectively.

There were several limitations in the study. First, this 
is a retrospective study which made it difficult to obtain 
data. However, we managed to obtain all the data and 
basic characteristics for the study. Selection bias is also 
common drawback of a retrospective study. Secondly, 
our sample sizes and the achieved powers in the analy-
ses were relatively small. As the present study acted like 
a pilot study, future studies on the related topics with 
larger sample sizes or collaboration studies from differ-
ent departments will be warranted in order to provide 
sufficient statistical power [20]. Third, the quality of the 
MRI could not be fully controlled since the study was a 
retrospective design. The majority of MRIs were acquired 
in a consistent position, the supine position with the 
knee at 10° to 15° of flexion and a neutral rotation, even if 
positioning inconsistencies possibly existed due to < 10% 
of images being obtained at an outside facility. Fourth, 
the presence of concomitant soft tissue injuries was not 
evaluated in the present study. Instead, the relationship 
between the included signs and dynamic anterior tibial 
laxity were directly evaluated.

Conclusion
The presence of the lateral femoral notch sign and the 
coronal LCL sign did not indicate greater dynamic tibial 
laxity as measured using the GNRB.
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