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Three-dimensional Magnetic Resonance Imaging of the
Anterolateral Ligament of the Knee: An Evaluation of Intact and ACL

Deficient Knees from the XXXXXXX.

Abstract

imensional-magnetic-resonance-imaging-(3D-MRB-The aim of this study was to determine

the visualisation rate of the ALL in uninjured and ACL deficient knees when using 3D-MRI.

In addition, it was sought to characterize the spectrum of ALL injury in acute and chronically

ACL deficient knees, and also to determine the inter and intra-observer reliability of a 3D-

MRI classification of ALL injury.

Methods: 100 knees underwent 3D-MRI (60 with ACL rupture and 40 non-injured knees).

The ALL was evaluated

structural-parameters—Evaluation-was-performed-by two blinded orthopaedic surgeons. The

ALL was classified as Type A: continuous, clearly defined low-signal band, Type B: with
warping, thinning, or iso-signal changes, Type C: without clear continuity. Comparison

between acute (<1 month) and chronically ACL injured knees was evaluated as well as intra

and inter-observer reliability.

Results: Complete visualisation of the full path of the ALL was achieved in all non-injured

knees. In the ACL injured group, 24 acutely injured knees were imaged: 87.5% showed
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evidence of injury (3 knees were normal/Type A (12.5%), 18 Type B (75.0%), and 3 Type C

(12.5%)). 36 knees chronically ACL injured knees were imaged: 55.6% showed evidence of

injury (16 Type A (44.4%), 18 Type B (50.0%), and 2 Type C (5.6%)). The difference in the
rate of injury between the two groups was significant (p = 0.03). Multivariate analysis
demonstrated that the delay from ACL injury to MRI was the only factor (negatively)
associated with the rate of injury to the ALL. Inter- and intra-observer reliability of the

classification of ALL type were good (kappa 0.86 and 0.93 respectively).

Conclusion: 3D-MRI allows full visualisation of the ALL in all knees. The rate of injury to
the ALL in acutely ACL injured knees identified on 3D-MRI is higher than previous reports
using standard MRI techniques. This rate is significantly higher than the rate of injury to the

ALL identified in chronically ACL injured knees.

Level of Evidence: IV, Diagnostic, case control study
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Introduction

Recent study has demonstrated that combined anterior cruciate ligament (ACL) and
anterolateral ligament (ALL) reconstruction is associated with significantly reduced graft
rupture rates at medium term follow-up when compared to isolated ACL reconstruction in
young patients participating in pivoting sports.> However, the precise indications for
combined ACL and ALL reconstruction are not yet clearly defined. Biomechanical studies

have shown that isolated ACL reconstruction does not restore normal knee kinematics in the

presence of anterolateral injury.? Even-though the healing petential-of the AL is still not

known-t-ean-be-suggested-It may therefore be the case that the patients most likely to benefit

from the addition of an extra-articular procedure are those that have demonstrable injury to

the ALL on pre-operative imaging.

The ability of magnetic resonance imaging (MRI) to reliably delineate the anatomy of the
ALL in injured and normal knees is controversial. Very broad ranges of visualisation of the
ALL are reported (full visualisation 11-100%%*, partial visualisation 11.5 — 48.5%°6, and
non-visualisation 0-49%)3*. Despite this apparent lack of reliability, ALL tears have been
demonstrated in 32.6-78.7% of ACL injured knees when using MRI.”8 Unfortunately, there
are no published studies comparing imaging and open exploration. However, it appears that

MRI may lack sensitivity as Ferretti et al reported a much higher rate (approximately 90%) of
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injury to the anterolateral structures at open surgical exploration of ACL injured knees than

the aforementioned imaging studies.®

The variation in rates of successful identification of the ALL on MRI prevent a high level of
confidence in current imaging of this structure. The main limiting factor appears to be the
same issue that has confounded anatomical studies. Namely a difficulty in clearly delineating
the complex and tightly confluent structural anatomy around the lateral femoral
epicondyle.*'%12 This is further compounded by the partial volume effect which occurs when
portions of several objects are averaged together in an imaging slice. This results in an
impaired spatial resolution and erroneous signal intensity. Three-dimensional MRI (3D-MRI)
is a technique that provides 3D data that enables the reconstruction of two-dimensional
images in any section and the creation of thin-slice images within a short time. It therefore
potentially enables delicate structures such as the ALL to be more clearly visualized.™®

Yokosawa et al. reported a 47% rate of visualization of the ALL with conventional 2D-MRI

(T2W, slice thickness 4mm) in 32 healthy knees compared to 100% when using 3D-MRI

(T2W-SPACE, slice thickness 1mm).!2 Similarly, Klontzas et al reported that when using 2D

images the ALL could not be visualised on any of the sagittal sequences. In contrast it could

be visualised in all cases when using 3D MRI. ** The utility of 3D MRI in the evaluation of

other extra-articular knee ligaments has also been reported. Ahn et al stated that the results of

their imaging study suggested that tears of the individual structures of the posterolateral

corner were better defined with 3D rather than 2D images.*®

The aim of this study was to determine the visualisation rate of the ALL in uninjured and
ACL deficient knees when using 3D-MRI. In addition, it was sought to characterize the

spectrum of ALL injury in both acute and chronically ACL deficient knees, and also to
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determine the inter and intra-observer reliability of a 3D-MRI classification of ALL injury.
The hypothesis of this study was that 3D-MRI would allow full visualisation of the ALL in
all non-injured knees and good inter and intra-observer reliability (kappa 0.61-0.8)*° of the

determination of injury in ACL deficient knees.

Patients and Methods
The study received institutional review board approval and all participants gave valid consent

to participate. No financial incentives were provided.

Patient recruitment to the study was performed between May 2015 to [June| 2016. Enrolled

patients were allocated to either the “injured knee” or “non-injured knee” groups. All patients

with ACL rupture (confirmed by MRI and clinical examination) who had instability during

their daily activities or sport, and had been scheduled for ACL reconstruction, were screened

for study eligibility. Patients were only excluded if they had concomitant multi-ligament

injury, advanced osteoarthritis, or had undergone previous ipsilateral knee ligament surgery.

All patients in this group underwent pre-operative assessment that included Lysholm score,

IKDC evaluation and side-to-side laxity difference (KT1000) evaluation.

For the “non-injured” knee group, consecutive patients were invited to participate in the
study if they were undergoing knee MRI for indications other than clinical diagnoses of ACL
and/or meniscal tear. In addition, members of staff from the primary institution were invited
to volunteer to participate in the “non-injured” knee group if they were asymptomatic and

had no previous history of knee pathology.

Commented [AS1]: Koichi, please can you check this. In
your email it says both June and January so | was not sure.
Thank you
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Three Dimensional 3.0 T-MRI Scanner Evaluation

Three-dimensional imaging was carried out with a small, 4-channel flex coil, 3.0T MRI
scanner (Magnetom Trio, Siemens, Erlangen, Germany) following sampling perfection with
application of optimized contrasts using a different flip angle evolution (SPACE) protocol.
The imaging conditions used were proton density-weighted (PDW) SPACE imaging, with
repetition time (TR) 1000ms, echo time (TE) 37ms, flip angle (FA) variable, number of
excitations (NEX) 1.4, matrix 320 x 300, bandwidth (BW) 539 Hz, field of view (FOV) 156

mm?, slice thickness 0.5 mm, and a scan time of 3 minutes 38 seconds.

The section passing through the centre of the lateral epicondyle of the femur and the midpoint
of a line joining the posterior margin of Gerdy’s tubercle on the lateral condyle of the tibia
with the anterior margin of the fibula head was used as the reference section. Coronal cross-
sectional images were reconstructed for a total of 50-60 slices, with a slice thickness of 0.5
mm in front of and behind this plane. The knee was positioned and supported in 30 degrees

of flexion for the duration of the scan.

Imaging Evaluation

The assessment of images was performed by two independent orthopaedic surgeons (X and
Y) who had greater than 12 years of experience in interpreting MR imaging of the knee in
their daily practice. Both also performed a detailed review of the literature in order to gain a
thorough understanding of MRI evaluation of the ALL. In the “non-injured” knee group,
images were assessed in order to characterise the normal ALL on 3D MRI. The key
characteristics recorded were the rate of full visualisation of the ALL, the precise location of

the femoral origin and the ability to differentiate the femoral origin from adjacent structures.
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For assessment of the “injured knee” group, the evaluators were blinded to physical

examination findings and the history of acute or chronic injurypatients-were-in-the-earhyor

late-imaging-groups. The images were evaluated on the basis of the classification system

described below and these assessments were performed twice, with a period of 2 weeks

between test and retest evaluations. Intra-and inter observer reliability was determined.

ALL Classification

The ALL was defined as the low signal band originating from the region of the lateral
epicondyle of the femur, crossing the proximal surface of the lateral collateral ligament
(LCL), and reaching the middle third of the lateral tibial plateau (Fig 1.). In order to describe
the spectrum of injury, the appearance of the ALL was categorised (Fig 2.) as follows: Type
A,; ligaments visualized as a continuous, clearly defined low-signal band, Type B; those that
exhibited warping, thinning, or iso-signal changes, and Type C; those without clear

continuity.

Statistical analyses
All calculations were made using SPSS software (Version 20.0, SPSS Inc., Chicago, IL). The
Chi? test and Fisher’s exact test were used to compare proportions and the Kruskall-Wallis

test was used to compare medians. Bivariate and multivariate analyses were performed in

order to determine whether any of the demographic or injury descriptive variables were

significantly associated with the ALL classification gradeBivariate-and-multivariateanalyses

impertantfacters. For all variables, results with a p value of <0.05 were considered

statistically significant. Inter- and intra-observer agreement were evaluated using the Kappa

test with a 95% confidence interval.
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Results

Between May 2015 and January 2016, 100 patients met the eligibility criteria and were
enrolled to the study (“injured knee” group; n=60, “non-injured” knee group; n=40). The
demographics of patients in the injured knee group (including age, gender and time between
injury and imaging) are presented in Table 1. -Otherthan-the time-elapsed-from-injury-te
Hmaging-tThere were no significant differences between the two groups with respect to

concomitantinjury-and-pre-operative scores and the incidence of concomitant injuries.

thisThe injured cohort group included 24 acutely ACL injured knees that underwent 3D-MRI

within one month of the date of injury and-were-defined-as-the-earhy-imaging-group-(mean
time to scan from date of injury = 5.3 days, range 0 — 28 days). The remaining ;-and-the-ether

36 knees in the injured cohort group were chronically ACL injured and were imaged beyend

later than 1 month from the date of injury (mean time to scan from date of injury = 45.3

months, range 1- 240 months).

“Non-Injured” Knee Group

In the non-injured group, 10 healthy volunteers were imaged and the remaining 30 knees
underwent MRI for knee pain unrelated to sports or trauma (plica synovialis n=4, tumour
n=3, bursitis n=2, without obvious lesion n=21). The mean age of patients in this group was

29.1 years (range 13-50 years). There were 25 male and 15 female participants

The visualization rate of the full length of the ALL was 100%. In 13/40 knees (32.5%) the
ALL could clearly be seen originating proximal and posterior to the lateral epicondyle and in
12 knees (30.0%) the ALL was identified as originating distal and anterior to the origin of the

LCL, close to the center of the lateral epicondyle. Both types were visualized simultaneously
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in 15 knees (37.5%), which was the most common variation (Figure 3). In 11 knees (27.5%),

the border of ALL and iliotibial band (ITB) or the border of ALL and LCL were indistinct.

“Injured Knee” Group

Table 1 reports the demographic and clinical data of patients in the injured knee group. This

demonstrates that the earhyand-delayed-imaging-groupsacute and chronically ACL injured

knee groups were broadly comparable with no significant differences in demographic data,

Lysholm score, IKDC, side-to-side laxity difference or type of concomitant meniscal

pathology.

The ALL was also visualised in all ACL injured knees. However, there were differences in
the spectrum of ALL injury seen in the two subgroups. In the earby-imaging-greupacute ACL

injured group (n=24), 87.5% (21 knees) showed evidence of injury (Type B=18, and Type

C=3) to the ALL. In the delayed-imagingchronically ACL injured group (n=36), only 55.6%
(20 knees) showed evidence of injury (Type B=18, and Type C=2). This difference between
the two groups was significant (p = 0.02). Both the inter-rater reliability (x = 0.86) and the

intra-rater reliability (x = 0.93) of the 3D-MRI classification system were good (Table 2).

Multivariate analysis demonstrated that the delay from injury to MRI was associated with the
rate of identification of abnormalities of the ALL. Early imaging was associated with an
increased rate of identification of Types B and C ALL on 3D-MRI (OR=0.19; CI 95%: 0.04-
0.73). Other factors such as pre-operative side-to-side laxity difference, age and the presence
of concomitant medial meniscal tears were not found to be associated with the rate of

identification of abnormalities of the ALL (Table 4)

Discussion
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The main finding of this study is that 3D MRI was able to comprehensively evaluate the full
length of the ALL in all knees and that the classification system used to grade injuries had
good inter- and intra-observer reliability. In contrast, previous studies using standard MRI
techniques have not been able to reliably demonstrate the ALL and rates of complete
evaluation have varied between 11-100%.3* The main advantage of 3D-MRI is in allowing
rapid acquisition of a large amount of data, in particular permitting reduced slice thickness.*®
This is particularly useful for imaging of the ALL, which is a thin structure and subject to
partial volume effect due to its close proximity to the LCL, popliteus, anterolateral capsule
and ITB. It is therefore unsurprising that in contrast to reports from previous authors (using
standard MRI techniques)®56111217 the ALL could be identified in all knees in this study.
This suggests that 3D MRI should be considered the gold standard for MR imaging

evaluation of the ALL.

The failure of reliable evaluation of the ALL with standard MRI techniques has been
disappointing, especially given the promising findings from early cadaveric studies.
Specifically, Caterine et al*¢ and Helito et al'® were able to identify the full course of the ALL
using 1.5T MRI in anatomical specimens and subjectively and objectively correlate imaging
findings with dissection. It is important to note that both cadaveric studies used MRI
protocols with thin slices (0.4mm and 0.6-1.5mm, respectively). In contrast, in clinical
practice, a typical knee scan is performed using slice thicknesses of 3mm. Although the use
of thinner slices reduces the partial volume effect, the scan duration increases significantly
and therefore the use of 3mm slices is a widely accepted standard for imaging that provides
high sensitivity and specificity for imaging of intra- and extra-articular structures in the
acutely injured knee. However, because the ALL is a thin structure (thickness 1.4+/-

0.6mm)*, it should be expected that clinical studies using more typical slice thicknesses

10
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(particularly if an interslice gap is present) have failed to show full visualisation reliably. In
previous clinical MRI series the following slice thicknesses and rates of complete
visualisation have been reported: 2.5mm (Helito 71%)!, 3mm (Devitt 20%)%° , and 3.5mm

(Macchi 54%?"7, Coquart 82%)°.

In addition to the broad reported ranges of complete visualisation, rates of partial (11.5-48%)
and non-visualisation (0-49%) also show considerable variation.>56111217 |n 3 study of 113
knees with acute ACL injury (53 knees imaged with 1.5T and 48 knees with 3T), Helito et al
found that the rate of non-visualisation when using 1.5T (17%) was more than twice that of
those undergoing imaging with 3T (8%).2* Although, this was not statistically significant,
likely due to small sample size, it is logical that using a stronger magnet would improve

spatial resolution and reduce the non-visualisation rate arising from a partial volume effect.

Reliable identification of the ALL has also been complicated by a lack of consensus in the
literature regarding its anatomy?223242% with some authors reporting a proximal and posterior
23.25262128 grigin in relation to the lateral epicondyle and others anterior and distal 21222930
This variability in femoral origin was also demonstrated in the current study, but

simultaneous visualisation of both types was also seen in 37.5% of patients. Fo-the-authers

v—This finding is

and proximal origin) and deep parts (central lateral epicondylar origin, or distal, or
proximal/posterior) of the ALL in a cadaveric dissection study. The authors considered that
both structures were ligamentous, on the basis of the presence of dense and well-organised
collagen fibres and a similar number of fibroblasts per mm? as the adult ACL.! Other authors
have also noted similar intra-specimen variations in femoral origin in anatomical

studies.'”1%28:32 |n addition, it has previously been highlighted that there seems to be

11
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agreement in all published series that the femoral origin is less easily seen on imaging and

also at dissection.?

On standard MR imaging, due to the partial volume effect, it can be difficult to clearly
delineate the ALL from the LCL/ITB.* Helito et al reported that in some situations, when it is
possible to visualise a clear differentiation between these structures, the ALL is already
anterior to the LCL on its path to the tibia and this can be misconstrued as an anterior/distal
origin.®* In any case, this difficulty in clearly delineating the femoral origin when using
standard imaging protocols, is one of the main reasons to consider using 3D-MRI. Porrino et
al., in 53 knees, identified the ALL with MRI in all patients but described the femoral origin
as inseparable from the adjacent LCL and difficult to discern.* Caterine et al. also reported
the ability to visualize the ALL in all patients but described the proximal origin as “not
clearly visible” in many patients.'® Other studies have more explicitly reported the rate of
visualization of the femoral origin (Kosy et al. 57%?"2, Helito et al. 89.7%?"%). It was
hypothesized that the use of 3D-MRI in the current study would allow clear visualization of
the femoral origin in all cases. However, there were a small percentage of cases (11%) where
the femoral origin could not be clearly differentiated from the LCL or ITB and this was
attributed to the tight confluence of these structures at the lateral epicondyle rather than a

pathological abnormality as this was studied in the “non-injured knee” group

The rate of identification of injury to the ALL in acute (87.5%) and chronically (55.6%) ACL
injured knees was significantly different (p=0.02). A possible explanation for this difference
may be that the ALL has some intrinsic potential for healing, akin to that of the medial
collateral ligament, though longitudinal studies are required to evaluate this theory. An

alternative possible explanation for the difference in rates of injury in the earby-and

12
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delayedacute and chronically ACL injured groups is that the presence of effusion in acutely

knees may improve the ability to visualise the ALL and certainly this has been suggested by
previous authors.>®2 In fact, Helito et al, injected 40ml of saline into cadaveric knees in
order to help with identification at MRI.1® Despite that, there are no comparative studies to
demonstrate that this is a proven advantage and in contrast, Hartigan et al suggested that
because the ALL is extracapsular, a capsular distension may actually make visualisation more

difficult.1”

Devitt, et al. showed no significant difference in the ability to fully visualise the ALL in the
ACL injured and ACL intact knees but the overall percentage of full visualisation was very
low in both groups.2® The rate of MRI identified ALL injury in ACL injured knees in
previous studies varies between 32.6 to 78.7%."#2 In the current study, the rate of injury to
the ALL in the early imaging group was 87.5% and this is consistent with the rate reported by

Ferretti et al, at surgical exploration of the anterolateral structures at the time of ACL

reconstruction.® Fhe-current study-is-the-first to-show-concordance-betweenthe-chinically
reportedrate of ALL injury-and MR-imaging findings—-Almost all previous MRI studies have
shown a much lower rate of injury with the only exception being Claes et al at 78.7%.” In
contrast, Helito et al, identified a rate of ALL injury in knees with an acutely (<3 weeks)
ruptured ACL at a rate of only 32.6%, the remaining patients either had a normal ALL
(54.4%) or it was considered not adequately visualized (12.8%).% Helito et al reported that
the rate of failure to characterize the ALL was twice as high in those patients who underwent
MRI with 1.5T compared to 3.0T and this may also be an explanation as to why the incidence
of ALL injury identified is much lower than in the current study. It is also important to note
that although some authors have reported high rates of visualisation of the ALL with standard

imaging techniques, this does not necessarily equate to the ability to reliably diagnose an

13
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injury to the ALL. An example of this is the study by Hartigan, et al. who reported 100%
visualisation of the ALL but poor inter-observer reliability regarding determination of
whether the structure was injured or not (Kappa statistics: femoral insertion 0.14, tibial

insertion 0.31, meniscal attachment 0.15).1°

Further reasons for previous studies demonstrating a much lower rate of ALL injury in ACL
ruptured knees than in the current study is that many authors have excluded patients with
evidence of injury to the lateral side of knee (including lateral meniscal tears).*1117
However, significant associations with ALL injury and injuries to the LCL, popliteus, IT
band, bone contusions and lateral meniscal tears have been previously demonstrated®®+* and
on that basis excluding these patients would likely falsely lower the incidence of ALL injury.

Although multiligament injuries were excluded in the current study, other types of lateral

sided injuries were not excluded. Other considerations that may also have led to the large

variations seen between previous studies includes differences in imaging protocols,
experience in evaluation of the ALL, and knee position during imaging. Further work should

aim to establish standardised protocols for MR imaging.

Recent study has drawn some comparison between MRI and ultrasound scan (USS)
evaluation of the ALL. Bifeld-Cavaignac et al, reported that ultrasound was able to visualise

the ALL in all normal knees and that the rate of abnormalities detected in injured knees was

higher than detected with MRI. This was attributed to the higher spatial resolution of

ultrasound and the fact that it is a dynamic investigation during which the ALL can be placed

under tension. However, the MRI sequences were performed in a strict coronal plane and it

was highlighted that the use of 3SDMRI may have increased the rate of detection of injuries.

One of the disadvantages of USS is that it is highly operator dependent but further study is

14
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required to determine whether one modality has a significant advantage over the other. It is

interesting to note that Cavaignac et al demonstrated that there was a significant association

with USS proven ALL abnormality and high grade pivot shift but only a trend towards this

with standard 2D MR [ta-addition—the-avthersreperted-that-in-ACEajured-kpees-therewas-a

Limitations

The main limitations of this study are that the MRI findings were not correlated with surgical

exploration of the anterolateral structures or with the grade of pivot shift and that no specific

3DMRI protocol exists for evaluation of the ALL. This means that the possibility that the

higher rate of injury detection being a result of false positive diagnoses cannot be excluded,

although this seems unlikely due to the high inter-observer reliability. Therefore, the findings

of this study cannot be extrapolated to demonstrating that all 3SDMRI abnormalities of the

ALL are clinically important. Additional limitations include the number of patients enrolled

to the study (n=100), but this is larger than many of the previous studies on the same topic.
However, it does mean that the population size may be too small to determine a reliable
estimate of the rate of injury to the ALL. An additionalA-final- limitation is that there was no
longitudinal component to this study. Fhis-means-thatAs a result even although a difference
in the rate of ALL injury in acute and chronically ACL injured knees has been demonstrated,
further study will be required to determine the pathophysiology behind these findings.

Furthermore, the influence of including injuries that were several years old (and more likely

to have developed secondary restraint lesions) on the rate of identified ALL injury in the

chronic group cannot be determined in the current study.
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Conclusion

3D-MRI allows full visualisation of the ALL in all normal knees. The rate of injury to the

ALL in acutely ACL injured knees identified on 3D-MRI is higher than previous reports

using standard MRI techniques. This rate is significantly higher than the rate of injury to the

ALL identified in chronically ACL injured knees.
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Figure Legends

Figure 1. Coronal cross-sectional images along the course of the ALL scanned by PDW-
SPACE in a 19-year-old woman (5 days after ACL injury). The ALL can be visualized
clearly as the low-signal band originating proximal and posterior to the lateral epicondyle of
the femur, crossing the proximal surface of the LCL, and reaching the middle third of the
lateral condyle of the tibia. (1.Anterolateral ligament, 2.Lateral femoral epicondyle, 3.Lateral
collateral ligament, 4.Deep layer of iliotibial band, 5.Superficial layer of iliotibial band,

6.Popliteus tendon, 7.Capsule, 8.Lateral meniscus)

Figure 2. Injury classification of the ALL in ACL deficient knees demonstrated on coronal
cross sectional images (Type A: Normal ALL: Visualized as a continuous, clearly defined
low-signal band, Type B: Abnormal ALL: Demonstrates warping, thinning, or iso-signal

changes, Type C: Abnormal ALL: No clear continuity)

Figure 3. Visualization status of the ALL in non-injured knees demonstrated on coronal cross
sectional images. The femoral origin of the ALL was observed to be proximal and posterior
to the lateral epicondyle of the femur in 13/40 knees (32.5%). In 12 knees (30.0%), the

femoral origin was observed to be distal and anterior to the origin of the LCL in the lateral
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epicondyle of the femur. Both of these subtypes types were visualised simultaneously in 15

knees (37.5%).

Table 1. Demographic and clinical data of patients included in the “Injured-knee” group

Time between injury anc
MRIChronicity of ACL Injury

Acute (<1 month) | Chronic (>1 month) Total
n(%) n(%) N(%) p*
24 (40%) 36 (60%) 60 (100%)
Gender 0.78
Female 9(37.5) 11(30.6) 20(33.3)
Male 15(62.5) 25(69.4) 40(66.7)
MRI ALL state 0.02
Normal (Type A) 3(12.5) 16(44.4) 19(31.7)
Abnormal (Types B+C) 21(87.5) 20(55.6) 41(68.3)
Meniscal state >0.2
Patient with Meniscal tears 11(45.8) 18(50) 29(48.3) 0.96
Patient with LM tears 7(29.2) 8(22.2) 15(25) 0.76
Patients with MM tears 5(20.8) 14(38.9) 19(31.7) 0.23
KT1000 0.657
med[IQR] 4.5[4-5] 4[4-6] 4[4-6]
A AP laxity (IKDC grade) 0.464
B 18(78.3) 23(65.7) 41(70.7)
C 5(21.7) 12(34.3) 17(29.3)
Age 0.341
med[IQR] 21.5[19.8-30.2] 28.5[20.8-40.2] 25[20-40]
Time from injury to MRI 0.003
(months)
med[IQR] 0.1[0-0.2] 4.5[1.5-60] 1.5[0.1-7.8]
Lysholm 0.06
med[IQR] 70.5[43.8-82] 80[69.5-87.5] 79.5[64.2-86.2]
IKDC 0.487
med[IQR] 60.4[46-72.4] 64.4[54-69.3] 62.6[50.6-71.3]
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Table 2: Concordance between measures (weighted kappa). An evaluation of inter- and intra-

observer reliability of classification of injury to the ALL when using 3D-MRI

95%ClI
Estimate Lower  Upper

Inter-observer concordance

Weighted kappa* 0.86 0.76 0.95
Intra-observer concordance
Weighted kappa* 0.93 0.85 1.00

* Quadratic weighting
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Table 3: Bivariate analysis: Factors associated with the presence of injury to the ALL on 3D-

MRI
Type of lesion
A B-C Total
Variables n(%) n(%) N(%) p*
19 (31.7%) 41 (68.3%) 60 (100%)
Sex 0.624
F 5(26.3) 15(36.6) 20(33.3)
M 14(73.7) 26(63.4) 40(66.7)
Side 1
L 11(57.9) 24(58.5) 35(58.3)
R 8(42.1) 17(41.5) 25(41.7)
Lateral Meniscus Injury 0.755
- 15(78.9) 30(73.2) 45(75)
+ 4(21.1) 11(26.8) 15(25)
Medial Meniscus Injury 0.376
- 11(57.9) 30(73.2) 41(68.3)
+ 8(42.1) 11(26.8) 19(31.7)
Delayed-tmaginChronicity of 0.02
Injuryg
NeAcute ACL Injury 3(15.8) 21(51.2) 24(40)
YesChronic ACL Injury 16(84.2) 20(48.8) 36(60)
Any Meniscal Injury 1
- 10(52.6) 21(51.2) 31(51.7)
+ 9(47.4) 20(48.8) 29(48.3)
KT1000 1
B 13(68.4) 28(71.8) 41(70.7)
C 6(31.6) 11(28.2) 17(29.3)
KT1000 0.943
A+B 13(68.4) 30(73.2) 43(71.7)
C 6(31.6) 11(26.8) 17(28.3)
Age 0.117
med[IQR] 28[22-42.5] 23[19-40] 25[20-40]
mean(SD) 32.2(12.3) 28.3(11.9) 29.5(12.1)
Time to imaging (days) <10
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med[IQR] 5[1.8-102]

mean(SD) 56.1(80.4)
KT1000.dif

med[IQR] 5[4-6]

mean(SD) 5.1(1.5)
Lysholm

med[IQR] 81[67.5-86.5]

mean(SD) 76.3(15.4)
IKDC

med[IQR] 64.4[55.8-69.5]

mean(SD) 62(11.1)

0.7[0.1-2.5]
13.9(42.7)

4[4-6]
4.8(1.9)

1.5[0.1-7.8]
27.3(60)

4[4-6]
4.9(1.7)

79[62-85]  79.5[64.2-86.2]

70.1(22.5)

72(20.6)

62.1[46-71.3]  62.6[50.6-71.3]

57.3(16.9)

58.8(15.4)

0.317

0.404

0.546

*P=Pvalue from Fisher exact or Chi square test for categorical variables or Kruskal -Wallis test for continuous
variables, Med=Median IQR=Interquartile range, SD=Standard deviation

Table 4. Multivariate analysis: factors associated with ALL lesion at MRI.

Adjusted odds ratio P
(95%CI)
Delayed-tmagingDelay between Injury 0.19 (0.037-0.726) 0.024
and Imaging
KT1000 1.034 (0.277-4.092) 0.961
Age < 20 years 3.377 (0.72-24.928) 0.160
Presence of medial meniscus injury 0.684 (0.184-2.591) 0.569
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