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Background: Compared with computed tomography (CT), magnetic resonance imaging (MRI) might overestimate the condition of
osteochondral lesions of the talus (OLTs) owing to subchondral bone marrow edema and the overlying cartilage defect. However,
no study has compared MRI and CT directly in evaluating OLTs with subchondral cysts.

Purpose: To compare the reliability and validity of MRI and CT in evaluating OLTs with subchondral cysts.
Study Design: Cohort study (diagnosis); Level of evidence, 2.

Methods: An institutional radiology database was queried for inpatients diagnosed with OLTs with subchondral cysts who had
undergone surgical treatment between May 2015 and October 2019. A total of 48 patients met the inclusion criteria. Based on our
measurement method, 2 experienced observers who were blinded to the study independently measured the length, width, and
depth of the cysts using MRI and CT. The classification of cystic lesions was also performed based on MRI and CT findings.

Results: Interobserver reliability was almost perfect, with intraclass correlation coefficients (ICCs) ranging from 0.935 to 0.999.
ICCs for intraobserver reliability ranged from 0.944 to 0.976. The mean size of cysts measured on MRI (length, 13.38 + 4.23 mm;
width, 9.28 + 2.28 mm; depth, 11.54 = 3.69 mm) was not significantly different to that evaluated on CT (length, 13.40 £ 4.08 mm;
width, 9.25 £ 2.34 mm; depth, 11.32 £ 3.54 mm). The size of subchondral cysts was precisely estimated on both MRI and CT. The
MRI classification and CT classification revealed almost perfect agreement (kappa = 0.831).

Conclusion: With our measurement method, both MRI and CT were deemed to be reliable and valid in evaluating the size of
subchondral cysts of OLTs, and the MRI classification was well-correlated with the CT classification. The presented measurement
method and classification systems could provide more accurate information before surgery.
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Osteochondral lesions of the talus (OLTs) are being recog-
nized as increasingly common injuries,?° occurring in up to
50% of acute ankle sprains, chronic ligament instability,
and fractures.?®3° They mainly affect young, sports-active
patients.'? The lesions involve articular cartilage and/or
subchondral bone, causing deep chronic ankle pain, swell-
ing, stiffness, weakness, giving way, blocking of the joint, a
reduction of sports activity and quality of life, and eventu-
ally, osteoarthritis.% 112

Previous studies show that OLTs respond poorly to
nonsurgical treatment?*?® and require arthroscopic or non-
arthroscopic bone marrow stimulation, with reported
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satisfactory success rates.>!32! Shimozono et al®® found
that subchondral cysts had a negative impact on clinical
scores after surgery. Although OLTs with small cysts
(<8 mm) can be treated effectively with microfracture or
abrasion arthroplasty, lesions with a large subchondral
cyst may require replacement techniques.®"?231 Thus, the
size of the subchondral cyst plays an important role in post-
operative clinical outcomes and decision making during
surgery for cystic OLTs.

With routine radiography, which has long been the first
choice for diagnostic imaging, up to 50% of OLTSs of the
ankle may be missed.*2® More recently, to better evaluate
the condition of OLTSs, magnetic resonance imaging (MRI)
and computed tomography (CT) have been used.>'%18 CT
can provide more precise information than MRI on sub-
chondral bone, such as the size, the shape, bone sclerosis,
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absorption, the subchondral bone plate (SBP), and cysts.'®
In contrast, with its exceptional resolution and high signal-
to-noise ratio, MRI has been accepted as the standard
imaging tool with excellent sensitivity and specificity in
evaluating cartilage, soft tissue, and subchondral bone,
such as subchondral bone marrow edema (BME) and cysts,
without exposure to radiation.'®2” Nevertheless, CT has
been deemed to be a precise imaging modality in evaluating
the dimensions of OLTs,? and several studies have reported
that MRI might overestimate the condition of the lesions
owing to BME and the overlying cartilage defect.!®!® No
study, to the best of our knowledge, has compared MRI and
CT directly in evaluating subchondral cysts of OLTs.

The primary purpose of this retrospective study was to
investigate the reliability and validity of MRI compared
with CT in evaluating cystic OLTs. We hypothesized that
MRI would be reliable and valid compared with CT in mea-
suring subchondral cysts of OLTs and that MRI would be as
useful as CT in facilitating decision making during surgery.

METHODS
Patients

Patients who visited the sports medicine clinic of our
department for the diagnosis of OLTs between May 2015
and October 2019 were retrospectively evaluated in the
present study. The inclusion criteria were as follows: (1)
patients who preoperatively underwent both CT and MRI
on the same day and had confirmed OLTSs, for which they
then underwent surgical treatment; (2) a lack of response to
at least 3 months of nonoperative treatment; and (3) the
presence of a subchondral cyst with a diameter larger than
8 mm. Patients with previous ankle surgery were excluded
from this study. The diagnosis of OLT was based on medical
history, physical examination results, and imaging find-
ings. The diameter of the cyst was determined by averaging
the maximum diameters of the cyst on coronal, sagittal, and
axial CT and MRI. All patients were assessed by the first
author (E.D.). All participants signed informed consent
forms. The current study was approved by the local ethical
committee of the hospital.

CT Evaluation

CT scans in the coronal, sagittal, and axial planes were
obtained with a multichannel CT scanner (Siemens). The
patient was placed in a supine, neutral position. The scan
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parameters included a 512 x 512 matrix, 3-mm slice thick-
ness, 8.86 ms scan time, 1.0-second rotation time, 100 kV,
and 150 mAs.

MRI Evaluation

MRI scans were obtained using a Signa HDxt 3.0-T device
(GE Healthcare) with an 8-channel ankle joint surface coil.
Proton density spin echo scans in the coronal, sagittal, and
axial planes were collected. The parameters for the coronal
planes were as follows: repetition time, 2780 milliseconds;
echo time, 38 milliseconds; and section thickness, 2.5 mm.
Those for the sagittal planes were as follows: repetition
time, 2120 milliseconds; echo time, 38 milliseconds; and
section thickness, 3 mm. Those for the axial planes were
as follows: repetition time, 2600 milliseconds; echo time,
36 milliseconds; and section thickness, 3 mm. The field of
view was 16 x 16 cm.

Measurement of Cysts

There were 2 experienced observers (L.G., E.D.), blinded to
the present study, who performed the measurements inde-
pendently. Moreover, a standard picture archiving and
communication system (PACS) viewing station was used.
Both observers measured the cysts twice on every patient,
with an interval of 2 months between measurements, to
evaluate intraobserver reliability. These 2 observers were
blinded to the measurements made by each other and their
own first measurement. In addition, the images were anon-
ymized and randomly sorted.

The largest diameters of the cyst on the coronal, sagittal,
and axial CT and MRI images were measured, which were
defined and determined as follows. On the coronal image, a
tangent along the lowest point of the talus dome was drawn
to measure the width and depth of the bone cyst (parallel
and perpendicular to the tangent). On the sagittal image, a
tangent along the talus dome was drawn to measure the
length and depth of the bone cyst (parallel and perpendic-
ular to the tangent). On the axial image, a tangent along
the midpoint of the left and right sides of the talus was
drawn to measure the width and length of the bone cyst
(parallel and perpendicular to the tangent) (Figure 1). The
diameter of the cyst for each patient was determined from
the maximum length, width, and depth measured above.
The ratio of the largest area of subchondral BME to the
talus was measured on the sagittal image of T2 weighted
imaging MRI: ratio = (maximum transverse diameter x
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Figure 1. Diameter measurement on computed tomography (CT) and magnetic resonance imaging (MRI): (A) coronal CT, (B)
sagittal CT, (C) axial CT, (D) coronal MR, (E) sagittal MRI, and (F) axial MRI. In this case, the maximum length, width, and depth of
the cyst on CT were 11.2, 9.2, and 10.9 mm, respectively, and those on MRI were 11.4, 9.3, and 11.4 mm, respectively.

vertical diameter of edema)/(maximum transverse diameter
x vertical diameter of talus).

The cysts were classified into 3 types on CT scans accord-
ing to Nakasa et al'®: type I, irregular shape; type II,
rounded shape with hardened walls; and type III, open to
the articular surface. In the present study, a classification
system was developed to divide cysts on MRI scans into 3
types according to BME and the SBP: type I, a complete
SBP and BME larger than 50% of the talus area; type II,
a complete SBP and BME smaller than 50% of the talus
area; and type III, an incomplete SBP (Figure 2).

Statistical Analysis

All analyses were performed using SPSS Version 24.0
(IBM). Numerical variables were reported as the mean *
SD, such as the length, width, and depth of cysts of OLTSs.
All the measurements of the diameter of cystic OLTs were
compared using intraclass correlation coefficients (ICCs)
for interobserver and intraobserver reliability. Addition-
ally, the kappa statistic was used to evaluate the consis-
tency of the classification made by CT and MRI findings.
An ICC or kappa that ranged from 0.81 to 1.00 was defined
as almost perfect reliability, 0.61 to 0.80 as substantial,
0.41 to 0.60 as moderate, 0.21 to 0.40 as fair, and 0.00 to
0.20 as slight.® The paired-samples ¢ test was used for com-
paring the length, width, and depth of the cysts as mea-
sured between CT and MRI. A P value <.05 was
considered statistically significant.

RESULTS
Patient Demographics

In this retrospective study, a total of 48 patients (18 left
ankles/30 right ankles) who met the inclusion criteria were
included. They had a mean age of 42.63 + 11.14 years
(range, 20-63 years), and there were 36 (75%) male and
12 (25%) female patients.

Interobserver and Intraobserver Reliability

Almost perfect interobserver reliability between two
observers was achieved (0.935 < ICC < 0.999) (Table 1).
The ICCs of the formal measurements of the 48 cases
indicated almost perfect intraoberserver reliability
(Table 1).

Validity (Difference Between Modalities)

Mean results of the measurements were as follows: length,
13.38 £ 4.23 mm on MRI versus 13.40 + 4.08 mm on CT
(t =-0.209; P = .836); width, 9.28 + 2.28 mm on MRI versus
9.25+2.34 mm on CT (¢ = 0.373; P =.711); and depth, 11.54
+ 3.69 mm on MRI versus 11.32 + 3.54 mm on CT (¢ = 1.446;
P = .155). The mean length, width, and depth as measured
in our study indicated no significant difference between
MRI and CT.
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Figure 2. The cysts were classified into 3 types on computed tomography (CT): (A) Type I, (B) Type Il, (C) Type lll, and magnetic
resonance imaging (MRI): (D) Type |, (E) Type Il, (F) Type lll, respectively.

TABLE 1 TABLE 2
Interobserver and Intraobserver Reliability (ICC)* Classification of CT and MRI Findings®
Interobserver MRI
Observer 1 Observer 2 Intraobserver Type I Type II Type 111 Total

MRI CT

Length 0.980 0.999 0.976 Type I 11 0 1 12

Width 0.935 0.997 0.944 Type II 1 23 3 27

Depth 0.957 0.999 0.965 Type 111 0 0 9 9
CT Total 12 23 13 48

Length 0.969 0.999 0.974

Width 0.939 0.998 0.964 “Data are presented as No. CT, computed tomography; MRI,

Depth 0.975 0.998 0.965 magnetic resonance imaging.

“CT, computed tomography; ICC, intraclass correlation coeffi-
cient; MRI, magnetic resonance imaging.

Classification of CT and MRI Findings

As shown in Table 2, the classification of CT findings
was as follows: type I, 12 patients (25.0%); type II,
27 patients (56.3%); and type III, 9 patients (18.7%). The
classification of MRI findings was as follows: type I,
12 patients (25.0%); type II, 23 patients (47.9%); and
type III, 13 patients (27.1%). MRI type I lesions con-
sisted of 11 cases (11/12; 91.7%) of CT type I and 1 case
(1/12; 8.3%) of CT type II. All ankles with MRI type II
(23/23; 100.0%) revealed CT type II. MRI type III lesions
consisted of 1 case (1/13; 7.7%) of CT type I, 3 cases

(8/13; 23.1%) of CT type II, and 9 cases (9/13; 69.2%)
of CT type III. Comparing the MRI classification with
the CT classification, the kappa statistic revealed almost
perfect correlation between the 2 classifications, with a
kappa of 0.831.

DISCUSSION

The current research showed that both MRI and CT are
deemed to be reliable and valid in evaluating the size of
subchondral cysts of OLTs, with our measurement method,
and that the MRI classification correlated well with the CT
classification.
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Measurement Methods

In 2009, Choi et al® first defined a measurement method for
OLTs: coronal length (horizontal extension measured from
the coronal image), sagittal length (horizontal extension
measured from the sagittal image), and depth (vertical
extension measured from the sagittal image). Walley
et al>® suggested a new measurement method to estimate
the true volume of OLTs using 3-dimensionally recon-
structed images and volume analysis: lengths w and A (2
orthogonal axes that comprised the largest cross section of
the OLTSs on the sagittal image) and length d (the largest
diameter of the OLT's on the axial image). In some studies,
the width was measured on the axial view, depth on the
coronal view, and length on the sagittal view.”2? However,
in the CT and MRI scans of the present study, the length,
width, and depth measurements were performed on the
axial, coronal, and sagittal views, respectively. Baseline
measurements were determined by anatomic landmarks
instead of horizontal and vertical lines, which may help to
rule out the measuring errors caused by the different scan-
ning positions of the ankle between different patients. In
previous studies, with replacement techniques for OLTs
with large subchondral cysts, such as autologous osteoperi-
osteal cylinder and osteochondral graft transplantation,
the graft was harvested by a harvester tube that was per-
pendicular to the surface of the talus.>”?%3! Therefore,
compared with previous studies, our measurement method
evaluated cysts in parallel and perpendicular to the tan-
gent along the talus dome, obtaining a more precise dimen-
sion of graft transplantation preoperatively, which could
provide more accurate information for surgery.

Reliability and Validity

The ICCs revealed almost perfect interobserver and
intraobserver agreement (0.935~0.999), indicating that
both MRI and CT, with the presented measurement
method, were reliable in measuring the cysts of OLTs. In
our study, only subchondral cysts were assessed, without
measurements of the cartilage defect. As CT can sensitively
discriminate between bone and cysts, it has been an espe-
cially effective imaging modality for evaluating cysts in
previous studies.? Previous studies have also reported that
MRI might overestimate the condition of the lesions owing
to BME and the overlying cartilage defect.1®'® However, in
this study, MRI was performed using a Signa HDxt 3.0-T
device with an 8-channel ankle joint surface coil. Thus,
with better sensitivity and specificity in discriminating
between bone and soft tissue, the BME signal on our MRI
scans was differentiated from that of the OLT cysts, which
may have helped us to avoid overestimating subchondral
cysts.

Each pixel on CT represents the average CT value of all
components in the corresponding unit, which may not accu-
rately show the CT value of various components in the unit.
The CT value of lesions smaller than the thickness of the
layer is affected by other tissue within the thickness of
the layer, and the measured CT value cannot represent the
true CT value of the lesion. On the contrary, the CT value of
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smaller high-density lesions in low-density tissue is rela-
tively low, which is called the partial-volume effect (PVE).
Based on similar principles, the PVE also affects the mea-
surement results on MRI. Soret et al® suggested that com-
pensation for the PVE should account for both the finite
resolution effect and the tissue fraction effect, and image
sampling is one of the reasons for PVE. Nevertheless, sec-
tion thickness, related to the PVE, is 2.5 or 3.0 mm on MRI,
similar to that on CT, which means that interference of the
PVE to MRI and CT is similar, and evaluating cysts on MRI
might be as valid as on CT. In this study, MRI measure-
ments of the length, width, and depth of cysts of OLTs were
not significantly different from those on CT.

Classification of CT and MRI Findings

In the pathogenesis of lesions in the subchondral region of
OLTs, the importance of subchondral bone has been well
discussed.'® In addition, when classified according to the
condition of subchondral bone on CT, there is a correlation
between cartilage injuries and subchondral bone, and CT
findings have correlated closely with arthroscopic findings
compared with MRI.'® Based on the condition of subchon-
dral bone correlating with cartilage damage and the stabil-
ity of lesions, CT therefore reinforces MRI capabilities,
results in a precise diagnosis for OLTs, and is a useful tool
for predicting cartilage injuries.'®'® In the current study,
MRI findings that were classified according to BME and
SBP conditions correlated well with the CT classification
(kappa = 0.831), which indicates that MRIs can predict
precise information on subchondral bone, including the
SBP and BME.

OLTs with a round shape and sclerotic wall cysts indi-
cate that pressurized fluid no longer flows into the cysts,
and bone remodeling occurs. Lesions do not increase, and
damage of articular cartilage maintains in a relative low
grade.'® When trauma causes damage to cartilage and the
SBP, continuous high-pressure liquid flows into subchon-
dral bone, which induces osteolysis and subchondral
cysts.*® BME is characterized as an excessive fluid signal
in subchondral bone on MRI, %27 and a sclerotic wall could
limit the progression of BME.!® Nakasa et al'” reported
that a large area of BME on MRI exhibited low degenera-
tion of cartilage of the osteochondral fragment, while a
small area of BME indicated sclerosis of subchondral bone
with severe degeneration of cartilage. This means that the
extent of BME on MRI could reflect cartilage degeneration.
Additionally, a damaged SBP, especially disruption of the
SBP, no longer maintains cartilage metabolism, which sub-
sequently results in severe cartilage degeneration and
articular damage.'® An irregular shape cyst with an open-
ing to the articular cavity indicates damaged SBP. Incom-
plete bone cortex according to the CT classification of
Nakasa, is similar to MRI type III, which demonstrates a
discontinuous signal of the SBP. Therefore, the MRI clas-
sification system developed in this study could reflect the
condition of articular cartilage degeneration and the pro-
cess of lesions, which may play an important role in surgical
decision making and in prediction of the clinical outcomes
of treatment.
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Limitations

This study is not without weaknesses, as it is a retrospective
analysis in nature. However, all eligible patients were
included in our study for analysis; thus, the number of
patients included was not based on sample size calculation
but on practicality. We did not observe a significant differ-
ence between MRI- and CT-based evaluations, perhaps
because the outcomes were not sensitive, or too few patients
were studied. Hence, a prospective database study with a
larger sample size would likely provide better results. The
findings were validated for a 3.0-T MRI machine, and lower
(or higher) resolution MRI machines may have different
findings. In our previous study,” a complete cyst was difficult
to be harvested during surgery; thus, cyst size could not be
assessed at surgery. In addition, arthroscopic examinations
were not performed in some cases; therefore, we only com-
pared the MRI classification with the CT classification, with-
out correlating with arthroscopic findings or staging.

Clinical Significance

Previous studies have suggested that CT is an especially
effective tool in evaluating cysts of OLTs. This study
showed that MRI is also reliable and valid in evaluating
the size of subchondral cysts of OLTs compared with CT.
In addition, MRI could be beneficial and safe for those who
are incapable of undergoing CT, and the presented mea-
surement method could provide more accurate information
for surgery. Thus, we recommend MRI for diagnosing and
evaluating OLTs with cysts.

CONCLUSION

With our measurement method, both MRI and CT are
deemed to be reliable and valid in evaluating the size of
subchondral cysts of OLTs, and the MRI classification cor-
related well to the CT classification. The presented mea-
surement method and classification systems could provide
more accurate information for surgery.
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