Journal of Orthopaedics 25 (2021) 129-133

ELSEVIER

Contents lists available at ScienceDirect
Journal of Orthopaedics

journal homepage: www.elsevier.com/locate/jor

Check for

Accuracy of magnetic resonance imaging in predicting anterior cruciate | i’

ligament tear location and tear degree™

Henry T. Shu®# ", Nicholas R. Wegener ", Katherine M. Connors ¢, Daniel S. Yang‘, Stephen

D. Lockey ¢, Jennifer M. Thomas', Evan H. Argintar®

& Department of Orthopaedic Surgery, MedStar Washington Hospital Center, Washington, DC, 20007, USA

b School of Medicine, Georgetown University, Washington, DC, 20007, USA

¢ Department of Orthopaedic Surgery, SUNY Downstate Health Sciences University, Brooklyn, N.Y., 11203, USA

4 Warren Alpert Medical School, Brown University, Providence, RI, 02903, USA

¢ Department of Orthopaedic Surgery, Georgetown University Medical Center, Ground Floor Pasquerilla Healthcare Center, Washington, DC, 20007, USA

fDepartment of Radiology, MedStar Washington Hospital Center, Washington, D., 20007, USA

8 School of Medicine, The Johns Hopkins University, Baltimore, MD, 21205, USA

ARTICLE INFO ABSTRACT

Keywords:

Anterior cruciate ligament tear
Magnetic resonance imaging
Anterior cruciate ligament repair

Purpose: The purpose of this study is to evaluate the reliability of magnetic resonance imaging (MRI) in predicting
the location of ACL tears in preoperative planning for anterior cruciate ligament (ACL) repair.

Methods: Thirty-four patients who underwent ACL repair were retrospectively analyzed to compare intra-
operative arthroscopic findings with preoperative MRIs.

Results: For identifying type I tears, the sensitivity of MRI was 9.0% and the accuracy of MRI was 8.8%. There was
moderate interrater agreement between MRI findings for tear location and tear degree.

Conclusion: MRI alone may not necessarily be accurate in identifying which ACL tears are amenable to repair.
Study design: Retrospective case series; Level of Evidence: IV;

1. Introduction

Anterior cruciate ligament (ACL) tears account for approximately
fifty percent of all sports-related knee injuries nationally.! Approxi-
mately 200,000 people in the United States experience ACL tears with
over $7 billion dollars in direct and indirect costs annually.” Clinical
evaluation of ACL injury aims to identify both anterior translation and
anterolateral rotational instability, both of which are normally limited
by the ACL.>* On physical exam, identification of an ACL deficient knee
can be achieved through the pivot-shift and Lachman maneuvers with
high specificity.” Although these tests are useful in diagnosing the
presence of a tear, the location of injury cannot be identified without
advanced imaging.

Imaging evaluation of ACL tear often begins with knee magnetic
resonance imaging (MRI). Studies have shown MRI to have an overall
accuracy of 85.0%, a sensitivity of 82.5%, and a specificity of 92.8% for
diagnosing ACL tears.® Evaluation of ACL tears includes review of axial,
sagittal, and coronal planes, with axial cuts as the most helpful for

assessing the ACL at its proximal femoral attachment.” ” However, while
MRI is useful in identifying the presence of a tear, it may be limited in
assessing the exact location of injury.””'°'?> Newer advanced MRI
sequencing, including the use of three-dimensional fast-spin echo and
apparent diffusion coefficient mapping, may provide increased ability to
determine the precise location of ACL tear.®'® However, these se-
quences are not routinely ordered in orthopedic practice.

ACL repair, which historically had inferior outcomes when compared
to ACL reconstruction (ACLR), has recently re-emerged as a viable op-
tion in treating ACL tears, specifically in proximal ACL tears.'* '
Sherman et al. additionally developed a classification of ACL tear loca-
tion'* which was later modified to better standardize categorization of
tear location amongst radiologists and improve surgical planning of
repairing ACLs, with Sherman type I ACL tears considered as repairable
(Table 1).'* With the advent of arthroscopic knee surgery, early post-
operative rehabilitation, a better understanding of the ACL’s native
anatomy, and suture augmentation (SA), ACL repair has emerged as
viable, although controversial, alternative to ACLR.'®*!

* Evan Argintar is a paid consultant of Arthrex, Inc. and KCI, Inc. The rest of the authors have no relevant financial relationships to disclose.
* Corresponding author. The Johns Hopkins University, School of Medicine, 733 N Broadway St., Baltimore, MD, 21205.

E-mail address: hshu5@jh.edu (H.T. Shu).

https://doi.org/10.1016/j.jor.2021.05.002
Received 17 March 2021; Accepted 2 May 2021
Available online 6 May 2021

0972-978X/© 2021 Professor P K Surendran Memorial Education Foundation. Published by Elsevier B.V. All rights reserved.


mailto:hshu5@jh.edu
www.sciencedirect.com/science/journal/0972978X
https://www.elsevier.com/locate/jor
https://doi.org/10.1016/j.jor.2021.05.002
https://doi.org/10.1016/j.jor.2021.05.002
https://doi.org/10.1016/j.jor.2021.05.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jor.2021.05.002&domain=pdf

H.T. Shu et al.

Table 1
Modified Sherman Classification of ACL Tears, adapted from Daniels et al.
(2018)."?

Degree of Tear Characteristics Tear Location

Type I Proximal avulsion tear >90% distal ligament intact
Type II Proximal tear 75-90% distal ligament intact
Type IIT Mid-substance tear 25-75% distal ligament intact
Type IV Distal tear 10-25% distal ligament intact
Type V Distal avulsion tear <10% distal ligament intact

As ACL repair continues to emerge as a viable surgical option in
select cases, the ability to predict ACL tear site location and tear degree
becomes more important preoperatively. Preoperative imaging in which
the correct location of a tear is identified is important to determine
surgical candidates for repair and to guide surgeons when counseling
patients about surgical options. Therefore, the purpose of this study is to
evaluate the reliability of MRI in predicting the location of ACL tears in
preoperative planning for ACL repair. We hypothesized there would be a
high degree of variability between preoperative MRI and intraoperative
arthroscopic findings.

2. Methods

Following Institutional Review Board approval, we retrospectively
reviewed all patients that underwent ACL repairs by a single surgeon at
our institution from June 2015 to August 2018. All patients were seen
for an isolated ACL injury and were consented for both ACL recon-
struction (ACLR) and repair. The final treatment decision was made
intraoperatively after diagnostic arthroscopy.

Using the Sherman classification,' an ACL repair was performed if
the patient had a modified Sherman type I, which was determined
intraoperatively. No midsubstance ACL tears (type II, III, IV) or distal
ACL tears (type V) were repaired. Exclusion criteria included bony tibial
avulsion injuries, revision ACL surgeries, and patients whose MRI im-
aging was unavailable in the current EMR system.

Preoperative sagittal, coronal, oblique coronal, oblique sagittal, and
axial views performed in a 3T MRI were reviewed by three musculo-
skeletal fellowship-trained radiologists blinded to the patient’s intra-
operative Sherman classification. The integrity of the ligament’s mid-
substance, tibial, and femoral attachments were assessed to determine
the tear location and then classified according to the modified Sherman
classification. Additionally, tear degree was reported as no tear, partial
tear, or complete/full-thickness tear.

Intraoperative reports and arthroscopic images were reviewed to
identify the intraoperative tear location and degree. Intraoperative tear
grading was then compared with the preoperative MRI Sherman clas-
sification and tear degree to identify any discrepancies. An example of a
discrepancy between MRI findings and intraoperative findings is
demonstrated in Figs. 1-3. Fig. 1 demonstrates a full-thickness mid-
substance tear on MRI, whereas Figs. 2 and 3 demonstrate intraoperative
findings of a partial-thickness tear of the anteromedial bundle of the ACL
in the same patient.

2.1. Statistical methods

Sensitivity and accuracy of the MRI findings in determining presence
of a proximal avulsion (Sherman type I) or whether there was a complete
tear were calculated with intraoperative findings set as the gold stan-
dard. Specificity, positive predictive value (PPV), and negative predic-
tive value (NPV) were also calculated for MRI’s ability to detect the
presence of a complete tear. However, these values were not able to be
calculated for tear location as all tears were Sherman type I intra-
operatively. Additionally, to assess interrater reliability among the three
radiologists, Fleiss’s kappa statistic was calculated with the Altman
classification assigned for the strength of the agreement.’” Cohen’s
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Fig. 1. Sagittal T-2 weighted magnetic resonance image of a left knee
demonstrating a full thickness anterior cruciate ligament tear.

Fig. 2. Intraoperative image of the same patient as in Fig. 1 demonstrating a
partial-thickness anterior cruciate ligament tear involving anteromedial bundle.

kappa and percent agreement was also calculated as a measure of MRI
accuracy in determining tear location and degree, compared to intra-
operative findings. Agreement was defined as both when all radiologists
having the same preoperative diagnosis and when that diagnosis was
consistent with the intraoperative findings. Majority rules was used to
compare MRI and intraoperative findings. If all 3 radiologists disagreed,
the MRI was recorded as being wrong. Statistical analysis was performed
using RStudio, Version 1.1.442 (RStudio Inc. Boston, MA). Values are
demonstrated as mean (range), mean + standard deviation (SD), or
mean (95% confidence interval [CI]) when appropriate.

3. Results

42 consecutive ACL repairs were identified, of which 34 met
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Fig. 3. Further probing of the anterior cruciate ligament in Fig. 2 further
demonstrates a robust ligament which made the patient a suitable candidate
for repair.

inclusion criteria (81.0%). Four patients were excluded because they
were bony tibial spine avulsions, 2 patients were excluded because of
missing preoperative imaging studies, and 2 patients were excluded as
they had repairs performed as a revision procedure of a failed anterior
cruciate ligament reconstruction.”® Of the included patients, 24 were
males (70.6%) and the mean + SD of age was 31.4 + 8.8 years (range
14-50 years). All 34 included patients had primary ACL repairs with 2-3
weeks of initial injury.

Preoperative MRI demonstrated 11 partial thickness tears (32.4%),
22 full thickness tears (64.7%), and 1 no tear (2.9%) (Table 2). With the
modified Sherman classification, preoperative MRI demonstrated 3 type
I tears (8.8%), 14 type II tears (41.2%), 14 type III tears (41.2%), and
0 type IV tears, and 1 type V tear (2.9%). One MRI did not identify the
ACL as torn (2.9%). The most common tear types seen on MRI were type
II and type III (Table 3).

Intraoperatively, 20 partial thickness tears (58.8%) and 14 full
thickness tears (41.2%) were identified. Of the partial tears, 18 were
anteromedial bundle tears and 2 were posterolateral bundle tears. All
intraoperative partial and full thickness tears were torn proximally at
the femoral attachment and thus were classified as Sherman type I tears.

For identifying Sherman type I tears, the sensitivity of MRI was 9.0%
(95% CI, 2.0%-24%) and the accuracy of MRI was 8.8%. For identifying
full-thickness tears, the sensitivity of MRI was 71.0% (95% CI, 42%—
92%), the specificity was 40% (95% CI, 19%-64%), the PPV was 45%
(95% CI, 24%-68%), the NPV was 67% (95% CI, 35%-90%), and the
accuracy was 53%. Regarding interrater variability, there was moderate
agreement between MRI findings for both tear location and tear degree
(Table 4). There was poor agreement between the overall MRI findings
and intraoperative findings regarding both tear location and tear degree
(Table 4).

Table 2
Distribution of tear degree on preoperative magnetic resonance imaging (MRI)
versus intraoperatively.

Number of tears on MRI
(%)

11 (32.4%)

Degree of tear Number of tears intraoperatively

(%)
20 (58.8%)

Partial-thickness

tear
Full-thickness tear
No tear

22 (64.7%)
1 (2.9%)

14 (41.2%)
0 (0.0%)
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Table 3
Distribution of location of tears found on preoperative magnetic resonance im-
aging (MRI) versus intraoperatively.

Number of tears on MRI
(%)

Location of Number of tears intraoperatively

tear (%)

No Tear 1 (2.9%) 0
Type I 3(8.8%) 34 (100.0%)
Type II 14 (41.2%) 0
Type III 14 (41.2%) 0
Type IV 0 (0.0%) 0
Type V 2 (5.9%) 0

4. Discussion

This study demonstrates that MRI had poor sensitivity and poor ac-
curacy in identifying Sherman type I tears and good sensitivity and
moderate accuracy for identifying full-thickness tears. Additionally,
though there was moderate consistency between radiologist interpre-
tation of the MRIs, ultimately, there was poor agreement between the
overall MRI findings and intraoperative findings for both tear location
(2.9% agreement) and tear degree (35% agreement). The data in this
study is consistent with current literature suggesting that MRI is a
relatively poor diagnostic tool in localizing and classifying ACL
tears.'®":'3?* van Dyck et al. retrospectively reviewed 51 MRIs with
surgically confirmed partial ACL tears and identified MRI accuracy for
diagnosing partial ACL tears was only 25-53%.%% Moreover, they sug-
gest that partial tears are especially difficult to differentiate between
mucoid degeneration or normal ACLs.>*

Recently, Van der List et al. explored the prevalence of tears based in
the Sherman classification in patients with acute primary ACL tears and
found mid-substance (or type III) tears to be most common (52%) fol-
lowed by proximal tears (27%) and proximal avulsions (16%).%° They
reported that distal tears and distal avulsions were the least common.?”
This present study demonstrated similar findings, with 73.5% of patients
having either a type II or type III tear on MRI, which is also consistent
with other previously reported findings.” However, Van der List et al.
did not assess the accuracy of their MRI findings with intraoperative
findings.”® This study demonstrates that MRI findings may significantly
differ from intraoperative findings, with tears that are amenable to
repair identified as unrepairable on MRI.

Consistent with previous studies, this present study demonstrates
that MRI alone may not be useful in anticipating the potential for ACL
repair.’>?” The discrepancy between preoperative and intraoperative
findings may prevent surgeons from considering performing primary
ACL repairs, as surgeons may not obtain preoperative informed consent
if the tear appears to be unamenable to repair on MRI.

Currently, treatment for ACL tears includes non-operative manage-
ment, reconstruction, and repair. While ACL reconstruction remains the
gold standard, ACL repair has gained popularity in recent years. Theo-
rized advantages of ACL repair include maintenance of proprioception,
preservation of native insertion sites, avoidance of morbidity associated
with autograft harvest, and potential faster recovery.”” Such benefits are
believed to better restore normal kinematics and decrease risk of
post-traumatic osteoarthritis versus standard ACLR.”"*®?° Moreover,
some argue that performing an ACL repair does not “burn any bridges” if
the repair needs to be revised into an ACLR.?° However, some authors
have identified a significantly higher rate of ACL repair failure versus
standard ACLR, especially in the adolescent athletic population.*® Van
der list et al. performed a meta-analysis of recent studies regarding ACL
repair and identified a failure rate between 7 and 11% and functional
outcomes that were greater than 85% of maximum scores, suggesting
that ACL repair may be comparable in outcomes to historical outcomes
of ACLR.”!

Recently, authors have compared repair of proximal ACL tears with
ACL reconstruction and found favorable stability and patient reported
outcomes in patients with ACL repair.”>>"*? Despite these findings, the
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Table 4
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Interrater variability and percent agreement between magnetic resonance imaging (MRI) and intraoperative findings.

Interobserver Reliability

MRI versus Intraoperative Findings

Fleiss’s Kappa Altman Classification Cohen’s Kappa Altman Classification Agreement (%)
Tear Location 0.547 Moderate 0.0 Poor 2.9%
Tear Degree 0.541 Moderate 0.080 Poor 35%

option for ACL repair is often disregarded for a multitude of reasons
given its historically poor outcomes. Moreover, misclassification of ACL
tears as unamenable to repair via MRI may further discourage surgeons
from considering ACL repair. Overall, this present study supports the
hypothesis that there is a significant degree of variability, especially
regarding tear location, between the MRI report and intraoperative
arthroscopic findings of ACL tears.

4.1. Limitations

The main limitations of this study include its retrospective nature
and small sample size. This study’s sample size was limited by the
number of ACL repairs that were performed at our institution, as at the
time of retrospective review ACL repair was only being performed by
one surgeon. Moreover, there were a limited number of patients
amenable to repair because Sherman type I tears are not as common as
type II and type III tears. This present study’s sample size was further
limited by a lack of preoperative imaging on file for several ACL repair
cases. Due to the limited sample size, generalizability of this study’s data
to the larger population of ACL tears may be limited.

5. Conclusion

While ACL repair remains a controversial treatment option, this
study demonstrates that MRI alone may not necessarily be accurate in
identifying which ACL tears are amenable to repair. These results can
guide surgeons in their preoperative discussion with their patients when
discussing the possibility of repairing a torn ACL.
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