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Abstract

Purpose A deep lateral femoral notch (LFN) on lateral
radiographs is indicative of ACL injury. Prior studies have
suggested that a deep LFN may also be a sign of persis-
tent rotatory instability and a concomitant lateral meniscus
tear. Therefore, the purpose of this study was to evaluate
the relationship between LFN depth and both quantitative
measures of rotatory knee instability and the incidence of
lateral meniscus tears. It was hypothesized that greater LFN
depth would be correlated with increased rotatory instabil-
ity, quantified by lateral compartment translation and tibial
acceleration during a quantitative pivot shift test, and inci-
dence of lateral meniscus tears.

Methods ACL-injured patients enrolled in a prospective
ACL registry from 2014 to 2016 were analyzed. To limit
confounders, patients were only included if they had pri-
mary ACL tears, no concurrent ligamentous or bony injuries
requiring operative treatment, and no previous knee inju-
ries or surgeries to either knee. Eighty-four patients were
included in the final analysis. A standardized quantitative
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pivot shift test was performed pre-operatively under anesthe-
sia in both knees, and rotatory instability, specifically lateral
compartment translation and tibial acceleration, was quanti-
fied using tablet image analysis software and accelerometer
sensors. Standard lateral radiographs and sagittal magnetic
resonance images (MRI) of the injured knee were evaluated
for LFN depth.

Results There were no significant correlations between
LFN depth on either imaging modality and ipsilateral lat-
eral compartment translation or tibial acceleration during
a quantitative pivot shift test or side-to-side differences in
these measurements. Patients with lateral meniscus tears
were found to have significantly greater LFN depths than
those without on conventional radiograph and MRI (1.0 vs.
0.6 mm, p <0.05; 1.2 vs. 0.8 mm, p <0.05, respectively).
Conclusion There was no correlation between lateral fem-
oral notch depth on conventional radiographs or MRI and
quantitative measures of rotatory instability. Concomitant
lateral meniscus injury was associated with significantly
greater LFN depth. Based on these findings, LFN depth
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should not be used as an indicator of excessive rotatory
instability, but may be an indicator of lateral meniscus injury
in ACL-injured patients.

Level of evidence Prognostic level IV.

Keywords Anterior cruciate ligament - Lateral femoral
notch - Lateral notch - Rotatory laxity - Knee - Pivot shift -
ACL - Quantitative pivot shift - Rotatory instability

Introduction

The “lateral notch sign”, or the presence of a deep lateral
femoral notch (LFN), is a radiographic sign that has been
observed in chronically anterior cruciate ligament (ACL)-
injured patients with persistent rotatory instability [17, 26].
In the initial description of this sign, it was observed that the
lateral femoral notch would progressively deepen in patients
who were experiencing subjective instability, i.e., repeated
episodes of “giving way” [26]. Some studies have postulated
that a deep lateral notch is the result of chronic rotatory
instability, more specifically anterior subluxation of the lat-
eral tibial plateau making recurrent contact with the lateral
femoral condyle [5, 17, 24, 26]. Other studies suggest that it
may be the result of the progression of occult bone lesions
occurring secondary to traumatic injury and valgus force at
the moment of ACL tear, partly analogous to the Hill-Sachs
lesion during shoulder dislocations [5, 17, 24, 26]. The lat-
eral notch sign has also been shown to correlate with the
incidence of lateral meniscus tears [6], which may be due to
the proximity of the lateral meniscus to the lateral condy-
lopatellar sulcus, the anatomic correlate to the radiographic
LFN. It is possible that the same traumatic forces that lead
to a deepened LFN also lead to lateral meniscus tears [5, 6].

Given that bony morphology plays a significant role in
knee kinematics and rotatory instability [10, 18, 22], fur-
ther understanding of the relationship between a specific
aspect of bony morphology, specifically the lateral femoral
notch, and rotatory instability could assist in understanding
and addressing the underlying causes for persistent rotatory
instability after ACL reconstruction. Increased rotatory
instability after ACL reconstruction, assessed by methods
such as the pivot shift test, has been shown to correlate with
worse patient-reported outcomes as well as increased risk
of osteoarthritis [2, 11, 13]. A rigorous analysis and quan-
tification of the relationship between LFN depth and rota-
tory instability could provide clinicians with a new tool for
detecting patients at risk for excessive rotatory stability and
worsened post-operative outcomes after ACL reconstruction.
Moreover, while one prior study did find a deepened LFN to
be in association with recurrent anterior translation of the
tibial plateau, it did not specifically quantify the degree of

@ Springer

rotatory instability or how LEN depth might influence rota-
tory instability [17].

The purpose of this study was to evaluate the relationship
between lateral femoral notch (LFN) depth and quantita-
tive measures of rotatory knee stability, specifically lateral
compartment translation and tibial acceleration during a
quantitative pivot shift test. It was hypothesized that greater
LFN depth would be correlated with an increase in rotatory
instability, quantified by lateral compartment translation and
tibial acceleration during a quantitative pivot shift test. It
was also hypothesized that greater LFN depth would be cor-
related with the presence of a lateral meniscus tear. Other
factors, including age, gender, and BMI, were also examined
for an association with LFN depth.

Materials and methods

ACL-injured patients enrolled in a prospective ACL regis-
try and undergoing primary ACL reconstruction by a single
orthopaedic surgeon at the reporting institution from June
2014 to April 2016 were analyzed in this study. Patients
were included if they had a primary ACL tear, no concurrent
ligamentous or bony injury requiring operative treatment,
and no history of the previous knee injuries or surgery to
the ACL-injured or contralateral extremities. The presence
of concomitant ligamentous or bony injuries was designated
as exclusion criteria to minimize any factors that might
confound the relationship between notch depth and rota-
tory instability in ACL-injured knees. Patients’ charts were
reviewed for data regarding baseline characteristics includ-
ing age and BMI. Intra-operative reports were reviewed to
collect data regarding the presence of concomitant inju-
ries including ligamentous or bony injuries. Information
regarding meniscus tears including the tear pattern was also
collected.

Standard lateral radiographs and sagittal magnetic reso-
nance images (MRI) of the ACL-injured knee were evalu-
ated by a single-blinded observer for depth of the LFN as
previously described (Fig. 1) [26]. In brief, a line tangent
to the lateral femoral condyle articular surface was drawn
across the notch. Notch depth was measured perpendicu-
lar from this line to the deepest point of the lateral femoral
notch. The number of patients with a positive lateral notch
sign defined based on prior literature as an LFN depth of
2 mm [6, 26], was tabulated.

To determine inter-observer reliability, 34 radiographs
and 28 MR images from the cohort were randomly cho-
sen, and the same measurements were performed by
a second blinded and independent observer. An intra-
class correlation coefficient (ICC) was calculated for
the measurements of the two observers. To qualify the
ICC, the following commonly used guidelines were
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Fig. 1 Method of measuring the lateral femoral notch (LFN) on plain
radiographs. a A high quality lateral radiograph without malrotation
must be obtained. Example shown here. b Magnification of area out-
lined in (a). A line is then drawn tangential to the articular surface
of the lateral femoral condyle, across the lateral femoral notch (or

set: (ICC <£0.2) slight agreement; (0.21 <ICC <£0.40)
fair agreement; 0.41 <ICC <0.60 moderate agreement;
(0.61 <ICC<0.80; 0.81 <ICC< 1) almost perfect agree-
ment [14].

The use of tablet-based image analysis software and
accelerometer sensors for quantifying rotatory instabil-
ity has been previously described and validated [9, 15,
16, 20]. Briefly, three circular yellow markers, % inch in
diameter (Color Coding Labels, Avery Dennison Corpora-
tion, Pasadena, CA, USA), were applied to the skin over
the fibular head, lateral epicondyle, and Gerdy’s tuber-
cle. A commercial triaxial accelerometer (Kira, Orthokey
LLC, DE, USA) was fixed to the skin between Gerdy’s
tubercle and the lateral aspect of the anterior tuberosity. A
standardized pivot shift test was performed by the senior
surgeon in both knees [8, 21]. Using specially designed
computer tablet software, lateral compartment translation
of the knee and tibial acceleration during the pivot shift
test were calculated. Both the image analysis and accel-
erometer-based methods of measuring rotatory instability
have been previously validated and shown to have accept-
able reliability [1, 3, 9, 15, 19, 20]. The reported intra-
class correlation coefficients (ICC) for the intra- and inter-
tester reliabilities for the tablet-based method are 0.75 and
0.73. The reported ICC for the intra-tester reliability of
the accelerometer-based method is 0.9. The image analy-
sis and accelerometer-based methods have accuracies of
<0.1 mm and 0.03 m/s?, respectively. Side-to-side differ-
ences were calculated by subtracting the measurement of
the contralateral knee from that of the ACL-injured knee.
Prior to commencing the study, approval was obtained
from the University of Pittsburgh Institutional Review
Board (PRO09030172).

condylopatellar sulcus). After this line (white line) is drawn, a sec-
ond line (white arrow) is drawn perpendicular to measure the deepest
portion of the LFN. The distance of this line is the LFN depth. The
same method can be performed on MRI. When using MRI, the sagit-
tal slice with the deepest LFN is chosen

Statistical analysis

Descriptive statistics, including means and standard
deviations (SD), were calculated for all continuous vari-
ables including age, BMI, and LFN depth. Frequency
counts and percentages were determined for categorical
variables including gender, presence of medial or lateral
meniscus tears, and prevalence of LFN sign. Data for
continuous variables were tested for normality using the
Shapiro—Wilk test. After data collection was complete, it
was found that distributions for all continuous variables
were non-parametric, and therefore, Spearman’s correla-
tion coefficient was used to analyze correlations between
continuous variables, including quantitative measures of
rotatory instability. To qualify the strength of each cor-
relation, the following scale was used for the absolute
value of the correlation coefficient (r): weak (r<0.3);
moderate (0.3 <r<0.5); and strong (0.50<r<1.0). An
independent 7 test was used to analyze for differences in
LFN depth based on the presence of a medial or lateral
meniscus tear and gender. Analyses were performed with
SPSS (v22; IBM Corp). Significance was set at p <0.05.
A post hoc power analysis was performed using G*Power
3.1.9.2 (Franz Paul, Kiel, Germany) to calculate the power
and assess the sample size of the present study. Based on
the results of the Spearman’s rank correlation coefficient
regarding the correlation between anterior translation of
the lateral compartment of the knee during a pivot shift
test and LFN depth on radiograph, a power of 0.67 was
calculated.
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Results

Eighty-four patients met inclusion criteria and were included
in this study. The cohort included 36 females and 48 male
subjects with a median age of 22.0 years (range 12-51).
The median BMI was 25.0 (range 18.7-43.9). Conventional
standard lateral radiographs and MR images were available
for 66 and 64 patients, respectively. Complete data sets were
otherwise available for all patients. The mean LFN depths
on radiograph and MRI were 0.8 mm (SD =0.7 mm) and
1.0 mm (SD=0.7 mm), respectively. The ICC for inter-
observer reliability was 0.87 for radiographs and 0.92 for
sagittal MR images, thus indicating almost perfect agree-
ment according to the initially defined guidelines. There
was a strong correlation between LFN depths as measured
on radiograph and MRI (p =0.83, p <0.05). Positive LFN
signs (LFN depth>2 mm) were observed in three patients
on radiograph (4.7%) and six patients on MRI (9.1%). An
intra-operative photo of an enlarged lateral femoral notch
and the corresponding MRI are shown in Fig. 2.

Results of quantitative pivot shift testing for the entire
cohort are shown in Table 1. Data regarding the relationship
between LEN depth on radiograph and MRI and quantitative

Fig. 2 Example of Radio-
graphic and Intra-Operative
Lateral Femoral Notch (LFN). a
MRI depicting lateral notch sign
(white box). b Intra-operative
confirmation of deepened LFN
(black arrow) at the lateral
condylopatellar sulcus. Both

of these images were obtained
from the same individual

measures of rotatory instability are shown in Table 2. There
were no significant correlations between LFN depth on
either imaging modality and ipsilateral lateral compartment
translation or acceleration during a pivot shift test, anterior
tibial translation during the Lachman test or side-to-side dif-
ferences in these measurements.

Data regarding the incidence of meniscus tears and
individual tear patterns are shown in Table 3. The mean
LFN depth was significantly greater in patients with a lat-
eral meniscus tear (n=43) than those without (n=31) on
both radiograph and MRI (0.6 vs. 1.0 mm, p <0.05; 0.8 vs.
1.2 mm, p <0.05, respectively). There was no significant
difference in LFN depth between patients with (n=235) and
without (n=49) a medial meniscus tear. Neither the pres-
ence of a medial or lateral meniscus tear was independently
associated with ipsilateral lateral compartment translation or
acceleration during a pivot shift test, anterior tibial transla-
tion during the Lachman test, or side-to-side differences in
these measurements.

There was a significant weak negative correlation
between greater age and increased LFN depth on radiograph
and MRI (p = — 0.281, p<0.05; p = — 0.294, p<0.05,
respectively). There were no significant differences in LFN

Table 1 Quantitative pivot shift
values (n=_84)

Total (n=284) MRI (n=64) Radiograph (n=66)
Translation (mm)
Absolute value S5+2.0 3.6+2.1 3.6+2.1
Side-to-side difference 2.6+1.9 2.7+1.9 26+19
Tibial acceleration (m/s%)
Absolute value 5.29+2.64 5.25+2.78 5.26+2.75
Side-to-side difference 1.76 +2.43 1.87+2.63 1.63+2.55

Descriptive statistics, including means and standard deviations, were calculated for the results of quantita-
tive pivot shift testing. All values reported as mean + standard deviation

Translation lateral compartment translation of the knee during a quantitative pivot shift test measured by
PIVOT technology. Tibial acceleration acceleration of tibia during a quantitative pivot shift test measured
by an accelerometer attached to the proximal tibia (KiRA; Orthokey Italia Srl). MRI sagittal view of mag-
netic resonance image. Radiograph standard lateral radiograph
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Table 2 Correlations between LFN depth and quantitative pivot shift
(Spearman’s rho)

LFN depth p value LFN Depth  p value
(radiograph) (MRI)
(n=606) (n=64)
Translation
Absolute value 0.3 (ns) 0.0 (ns)
Side-to-side dif- — 0.1 (ns) —-0.1 (ns)
ference
Tibial acceleration
Absolute value 0.0 (ns) 0.0 (ns)
Side-to-side dif- 0.0 (ns) 0.1 (ns)

ference

Spearman’s rho coefficient was used to test for correlations between
quantitative measures of rotatory instability and lateral femoral
notch (LFN) depth on both standard lateral radiographs and sagittal
views of magnetic resonance imaging (MRI). Significance was set at
p<0.05. There were no significant correlations between quantitative
measures of rotatory instability and LFN depth. All values, except for
p values, given as Spearman’s rho coefficient

Translation anterior translation of the lateral compartment of the knee
during a quantitative pivot shift test measured by PIVOT technology.
Tibial acceleration acceleration of tibia during a quantitative pivot
shift test measured by an accelerometer attached to the proximal tibia
(KiRA; Orthokey Italia Srl). LFN lateral femoral notch. Radiograph
standard lateral radiograph of the knee. MRI sagittal view of mag-
netic resonance image. ns not significant

Table 3 Incidence of meniscus injuries (n=_84)

n (%)
Lateral meniscus injury 25 (29.8%)
Medial meniscus injury 17 (20.2%)
Combined lateral and medial meniscus injuries 18 (21.4%)
No meniscus injury 24 (28.6%)

Data regarding the incidence of meniscus tears, including both counts
and percentages, are shown. All values reported as n (% of total
cohort)

depth between males and females. There was no significant
correlation between BMI and LFN depth on either imaging
modality.

Discussion

The primary finding of this study is that a deep lateral femo-
ral notch is not significantly associated with increased rota-
tory knee instability, disproving the hypothesis under study.
This suggests that the presence of a deep lateral femoral
notch should not be used as a sign of increased rotatory
instability. These data are in contrast to the initial descrip-
tion of the lateral notch sign in which it was observed that

ACL-injured patients with chronic anterior subluxation of
the lateral tibial plateau were found to have progressively
deepening lateral femoral notches [17].

While patients with concomitant ligamentous injuries
or intra-articular fractures were excluded to limit potential
confounders, it is possible that there, nonetheless, were other
factors that obscured the relationship between LFN depth
and rotatory knee instability. It is conceivable that lateral
notch may lead to altered knee kinematics and subjective
instability in ways that are not captured by the measure-
ments utilized in the present study. For example, increased
LFN depth could possibly lead to reduced surface contact
area between the distal femur and proximal tibia and predis-
pose patients to instability, particularly during flexion. While
there are multiple case reports of arthroscopic and open
reductions being performed to reduce impacted fractures at
the site of the deepend LFN and restore joint surface con-
gruity [7, 23, 25], it is unclear how an enlarged LFN affects
kinematics at the knee. Future biomechanical studies will
be helpful in investigating how the enlarged lateral femoral
notch might engage with the tibia, particularly when valgus
stresses are applied along with external tibial rotation.

This finding is important given the increasing evidence
that there are abnormal kinematics in the knee after ACL
reconstruction, including excessive rotatory instability [4,
12, 27] and that there is an association between excessive
rotatory instability and significantly worsened post-operative
outcomes [2, 11, 13]. There is increasing interest in develop-
ing techniques to identify patients at risk for post-operative
rotatory instability who may benefit from additional proce-
dures such as extra-articular tenodesis. Given the potential
risks of such procedures, it thus is important to recognize
that, based on the data presented here which diverge from
prior studies, the lateral notch sign should not be used as a
sign of chronic rotatory instability.

Prior studies have found that the lateral notch sign is
also significantly associated with the presence of an ACL
injury and have identified cut-off values of 1.5 and 2 mm
[5, 26]. The present study did not specifically evaluate this,
but based on the previously reported on cut-off LFN depth
of 2 mm for identifying ACL-injured patients, 4.7% and
9.1% of patients in the present study had positive lateral
notch signs on radiographs and MR images, respectively.
These data align well with a previous study of 164 patients
in which 4.5% of patients with chronic ACL deficiency and
rotatory knee instability and 7.5% of patients with acute
ACL tears were found to have LFN depths of at least 2 mm
on radiographs [6].

While it has been arthroscopically confirmed that ACL-
injured patients with a radiographic lateral notch sign typi-
cally have damage to the articular cartilage to the lateral
femoral condyle [6], the precise etiology remains unclear.
Some authors have suggested that the deep lateral notch is
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the result of recurrent subluxation of the lateral tibial plateau
making repeated contact with the lateral femoral condyle
[17]. Others hypothesize that the lateral notch may develop
from occult bone lesions occurring from valgus stress during
the initial ACL injury [5, 17, 24, 26].

Given that the measurements in the present study were
performed on patients pre-operatively, it is possible that if a
deepened LFN is the result of recurrent subluxation of the
lateral tibial plateau, then the LFN depth did not correlate
with acute rotatory instability in the ACL-injured knee. In
other words, mechanisms of excessive rotatory instability in
the chronic ACL-injured knee may differ from those of the
acutely ACL-injured knee.

Younger age was found to have a weak positive cor-
relation with increased LFN depth, which has also been
shown in a previous study [6]. The lateral notch sign was
also demonstrated to significantly correlate with the pres-
ence of lateral meniscus tears, which is also in agreement
with the previous studies [6]. If the lateral notch sign does
indeed represent an occult bone lesion on the lateral femoral
condyle, the correlation between a deep LFN and lateral
meniscus injury may be secondary to the proximity of the
anterior horn of the lateral meniscus with the lateral condy-
lopatellar sulcus, the anatomic correlate to the radiographic
LFN [5, 6]. Future prospective studies will be valuable in
determining whether outcomes after lateral meniscus tears
are affected at all by the presence of the lateral notch sign.

This study was limited by a small sample size (n=66
patients with radiographs, 64 with MR images), and the
power of the present study to detect a significant correlation
between LFN depth on radiograph and lateral compartment
translation during a pivot shift test was calculated to be 0.67.
Future prospective studies will be helpful in determining
whether the deepened LEN exists prior to and is a risk factor
for ACL injuries.

Conclusion

There was no statistically significant correlation between
lateral femoral notch (LFN) depth on radiographs or MRI
with preoperative lateral compartment translation or tibial
acceleration during quantitative pivot shift analysis. Based
on these findings, LFN depth should not be used as an indi-
cator of high-grade rotatory knee instability. A deepened
LFN, either on imaging or on intra-operatively, may, how-
ever, be used as an indicator that the patient is more likely
to have a lateral meniscus tear. This is analogous to how
bone bruise patterns on MRI are used to evaluate for vari-
ous ligamentous injuries. In the clinical setting, surgeons
should take these data into consideration when considering
additional stabilizing procedures during ACL reconstruction
or arthroscopically evaluating for injuries in patients.
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