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Lesion Size Measured on MRI
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Background: Lesion size is a major determinant of treatment strategy for osteochondral lesions of the talus (OLTs). Although
magnetic resonance imaging (MRI) is commonly used in the preoperative evaluation of OLTs, the reliability of the MRI measure-
ment compared with the arthroscopic measurement is unknown.

Purpose: To compare preoperative lesion size measured on MRI versus intraoperative lesion size measured during arthroscopy.

Study Design: Cohort study (diagnosis); Level of evidence, 2.

Methods: We retrospectively reviewed a consecutive series of patients treated with bone marrow stimulation for OLTs. The
diameter of the lesion was measured at its widest point in 2 planes, and MRI measurements were compared with those made
during arthroscopy using a custom-made graduated probe.

Results: A total of 39 patients with 45 OLTs were analyzed. Mean ± SD area measurements on MRI were significantly greater than
the equivalent arthroscopic measurements (42.2 ± 30.5 vs 28.6 ± 23.1 mm2, respectively; P¼ .03). Compared with the arthroscopic
measurement, MRI overestimated OLT size in 53.3% (24/45) of ankles and underestimated OLT size in 24.4% (11/45). The mean
MRI diameter measurement was significantly greater than the arthroscopic measurement in the coronal plane (MRI diameter vs
arthroscopic measurement coronal plane, 6.1 ± 2.6 vs 4.9 ± 2.3 mm, P ¼ .03; sagittal plane, 8.0 ± 3.6 vs 6.3 ± 3.6 mm, P ¼ .05).
Further, MRI overestimated coronal diameter in 48.9% (22/45) of ankles and underestimated in 26.7% (12/45) compared with the
arthroscopic measurement. Similarly, sagittal plane MRI diameter measurements overestimated lesion size in 46.7% (21/45) of
ankles and underestimated lesion size in 28.9% (13/45) compared with the arthroscopic findings.

Conclusion: In a majority of lesions, MRI overestimated OLT area and diameter compared with arthroscopy. Surgeons should be
aware of the discrepancies that can exist between MRI and arthroscopic measurements, as these data are important in making
treatment decisions and educating patients.
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Osteochondral lesions of the talus (OLTs) are being increas-
ingly recognized as a concern following trauma to the
ankle.2,5,14,28,30,41,42 Up to 70% of ankle trauma may entail
some form of chondral or osteochondral injury,1 and thus
OLTs are a topic of increasing interest.

In an effort to establish a treatment algorithm, several
authors have looked to lesion size, fully or partially based
on magnetic resonance imaging (MRI) measurement, as a
major indicator of which surgical intervention is appropri-
ate for OLT.10,13,36 Lesions smaller than 150 mm2 may be

treated with reparative procedures, such as bone marrow
stimulation (BMS), whereas larger lesions may best be
treated with replacement procedures, such as autologous
osteochondral transplant.46 The decision as to whether a
reparative or replacement procedure is performed has
implications for surgical morbidity, outcomes, and cost.46

It is therefore important that the metric used to direct a
particular treatment strategy be reliable and predictable.

MRI is commonly used in the preoperative evaluation
and assessment of OLTs.# MRI aids in surgical decision
making and planning by allowing the surgeon to better
understand the lesion characteristics. However, to our
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knowledge, no previous study has compared OLT size mea-
sured preoperatively via MRI versus intraoperatively via
arthroscopy.

The purpose of this study was to evaluate the preopera-
tive size of OLTs measured on MRI compared with mea-
surements of the OLTs made at the time of arthroscopy.
We hypothesized that the size of the lesion on MRI preop-
eratively would be smaller than the size of the lesion mea-
sured arthroscopically.

METHODS

This retrospective study was approved by our hospital
institutional review board. Between September 2012
and March 2014, a consecutive series of 44 patients
were treated with BMS for OLT. A senior surgeon
(J.G.K.) performed all operative treatments and directed
pre- and postoperative care. Surgery was indicated for
patients who had evidence of an OLT on MRI, independent
of lesion size, and for whom 3 months of nonoperative
management had failed.

The inclusion criteria were patients who had an OLT
treated with arthroscopic BMS and who underwent preop-
erative MRI within 6 months prior to surgery. Patients
were excluded if they had any prior surgical intervention
on the affected ankle, had diabetes, had autoimmune dis-
ease, had an active infection, or were current smokers.
Patients who sustained cartilage damage on both talus and
tibial surface were included; however, only the talar lesion
was included for analysis.

MRI Assessment

Preoperative MRI was acquired by use of a 1.5-T MRI unit
(Signa Horizon; GE Medical Systems). Coronal and sagittal
plane T1-weighted and fat-suppressed T2-weighted images
were obtained for all ankles. The repetition time/echo time
for T1-weighted images were 500-600/11-15 milliseconds;
for T2-weighted images, 2000/11-15 milliseconds; and for
T2-weighted fat suppression images, 3400-3600/11-15
milliseconds. The other acquisition parameters were field
of view, 150 � 150 mm; matrix size, 224 � 224; and slice
thickness, 3.0 mm.

Two independent reviewers (Y.Y. and G.L.D.) who were
not involved in patient care and were blinded to the out-
come of the arthroscopic evaluation assessed the MRI and
measured the lesions using an advanced image processing
software (Picture Archiving and Communication System;

McKesson Radiology). The diameter of the lesion was mea-
sured at the largest point in the coronal and sagittal planes
(Figure 1). This measurement was taken from the rim of the
surrounding cartilage layer to the base of the lesion. The
lesion area was calculated by use of the elliptical area for-
mula as described by Choi et al.10 When a discrepancy of 0.2
mm or more occurred between measurements taken by the
2 initial reviewers, a third reviewer (C.P.H.), who was also
blinded to the arthroscopic measurement, assessed the
images, and the mean of the closest 2 recorded measure-
ments was taken. Any concomitant abnormalities of the
foot and ankle were recorded.

Arthroscopic Assessment

Ankle arthroscopy was performed in all patients. A stan-
dard, noninvasive ankle distractor was used to increase
joint access and visualization. A 2.7-mm, 30� scope was
used via standard anteromedial, anterolateral, and pos-
terolateral portals.19 A custom-made graduated probe
(Smith & Nephew), with graduations every 1.0 mm, was
used to measure the lesion at its widest point in 2 planes
under direct arthroscopic visualization (Figure 2). The
probe was custom-made so that it could measure the diam-
eter from the perpendicular axis to the handle. Where a flap
of cartilage existed, the measurement was taken from the
peripheral rim of the remaining cartilage. Measurements
were taken independently by the senior surgeon (J.G.K.)
and a surgical fellow (E.J.F.), and if discrepancy of more
than 0.5 mm was noted, measurements were rechecked
until a consensus was reached. Following measurement of
the lesion, the dead cartilage and the calcified subchondral

Figure 1. Preoperative T1-weighted magnetic resonance
images of osteochondral lesion of the talus showing lesion
diameter measurement on (A) coronal and (B) sagittal views.
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bone were debrided. Microfracture was then performed as
previously described.40

Concomitant intra-articular abnormality was identified
at the time of surgery and recorded.

Statistical Analysis

All analyses were performed by use of SAS software version
9.1 (SAS Institute Inc). Lesion sizes were normally distrib-
uted and were compared by use of Student t tests. The
Pearson correlation coefficient was calculated to assess the
correlation between lesion size (MRI and arthroscopy area
and diameter) and patient age, sex, laterality, history of
trauma, associated abnormalities, medial/lateral lesion,
and contained/uncontained lesion. P < .05 was considered
significant. When a significant difference was found
between the groups, a post hoc power analysis was con-
ducted to confirm statistical power.

RESULTS

Patient Demographics

The current study included 45 OLTs in 39 patients. Two
patients were excluded because their preoperative MRI was
taken more than 6 months prior to surgery. An additional 3
patients were excluded because they had prior surgery on
the affected ankle.

The mean age of patients at the time of surgery was 38.3
± 16.3 years (range, 18-69 years), and the mean time
between MRI and surgery was 37.3 ± 10.1 days. Patient
demographics, OLT characteristics, associated abnormali-
ties, and concomitant procedures performed are summa-
rized in Table 1.

Lesion Size

The mean lesion area measured on MRI was significantly
greater than the mean lesion area measured arthroscopi-
cally (42.2 ± 30.5 vs 28.6 ± 23.1 mm2, respectively; P ¼ .03;
95% CI, –24.9 to –2.26; statistical power, 0.78). When
lesion size measured by MRI was compared with the

arthroscopic measurement, 53.3% of ankles (24/45) had
larger lesion size (overestimated) and 24.4% (11/45) had
smaller lesion size (underestimated) on MRI measure-
ment (Table 2).

When lesion diameter measurements were compared,
the mean MRI measurement was significantly greater
than the arthroscopic evaluation in the coronal plane
(MRI diameter vs arthroscopic measurement coronal
plane, 6.1 ± 2.6 vs 4.9 ± 2.3 mm; P ¼ .03; 95% CI, 0.14
to 2.35; statistical power, 0.99; sagittal plane, 8.0 ± 3.6 vs
6.3 ± 3.6 mm; P ¼ .05; 95% CI, –0.02 to 3.25). Further,
MRI overestimated coronal diameter in 48.9% of
ankles (22/45) and underestimated it in 26.7% (12/45)
compared with arthroscopic coronal diameter. Sagittal
plane MRI diameter measurements overestimated lesion
size in 46.7% (21/45) of ankles and underestimated lesion
size in 28.9% (13/45) compared with arthroscopic
findings.

Patient age, sex, history of trauma, associated abnormal-
ities, medial/lateral, and contained/uncontained did not
show significant correlation with lesion size or area evalu-
ation (P > .05 for all associations).

DISCUSSION

The results from this study demonstrate discrepancies
between MRI and arthroscopic assessment of both surface
area and diameter measurements for OLT.

TABLE 1
Patient Demographics and Lesion Characteristicsa

Total patients (total ankles), n 39 (45)
Age, y, mean ± SD 38.3 ± 16.3
Male/female, n 18/21
History of trauma, n (%) of ankles 31 (79.5)
Lesion location, medial/central/lateral, n of ankles 31/0/14
Days from MRI to surgery, mean ± SD 37.3 ± 10.1
Right-/left-sided lesion, n 21/18
Contained lesion/uncontained lesion in talus, n 22/17
Associated abnormalities, n

Lateral ligament injury 11
Tendon involvement 5
Anterior bony impingement 8
Tibial plafond OCL 6
Subtalar OCL 2
Posterior ankle impingement 1
Osteoarthritis of the ankle joint 1
Hallux varus 1

Concomitant procedures, n
Lateral ligament repair (Broström) 8
Anterior exostectomy 8
Tibialis posterior tendoscopy 3
Lateral ligament reconstruction 2
Subtalar microfracture 2
Loose body removal 1
Peroneal tendoscopy 1
Peroneus brevis repair 1
Hallux varus realignment 1

aMRI, magnetic resonance imaging; OCL, osteochondral lesion.

Figure 2. Measurement of lesion under arthroscopic view.
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Although Choi and colleagues12 reported a significant
correlation between lesion size measured using preopera-
tive MRI compared with measurements made under direct
arthroscopic visualization, to our knowledge no published
studies have investigated the differences in OLT size when
assessed using MRI compared with arthroscopy as a pri-
mary outcome. Therefore, the current findings are valuable
in terms of surgical planning for OLTs based on lesion size.

MRI has been a valuable tool in the diagnosis of
OLT. Prior studies have reported that MRI is up to 100%
specific and sensitive for diagnosing OLTs compared with
arthroscopy.15,20,21,29,34,35,38 MRI is also advantageous in
that it allows detailed assessment of the surrounding osse-
ous and soft tissue structures (both intra- and extra-
articular) that are commonly associated with OLTs.38,45

As a result, many clinicians obtain MRIs preoperatively both
to diagnose OLTs and to aid in preoperative planning.**

Several staging systems based on the comparison of MRI
and arthroscopic findings have been developed for grading
OLTs.6,15-17,34 Although these staging systems can help
physicians determine optimal treatment strategies, con-
flicting evidence has been reported with regard to MRI and
arthroscopic OLT grading.17,18,29,34 Mintz et al34 performed
a retrospective study on 54 patients who underwent MRI
evaluation with subsequent arthroscopy and found that the
MRI grade and arthroscopic grade were the same in 83% of

patients. However, MRI underestimated the lesion grade in
17% of patients.34 In a retrospective study of 44 OLTs, Bae
et al4 found that MRI overestimated lesion grade in 21% of
patients and underestimated it in 14%. Although these
studies compared the grading of OLTs on MRI and
arthroscopically, to our knowledge no study has compared
lesion size measurements. Whereas OLT grading helps
describe OLTs, their clinical relevance and prognostic
value remain to be elucidated. Ferkel et al19 showed no
correlation between MRI grading and clinical outcomes.
In a prospective study of 120 ankles, Choi et al12 found that
plain radiograph, computed tomography, and MRI grade
did not correlate with clinical outcomes. Furthermore,
agreement between MRI and arthroscopic grading has been
shown to vary in clinical studies, with concordance rates for
lesion grading from 65.9% to 92% when these 2 modalities
are compared.4,7,17,22,29,34,43

The current study demonstrates that MRI does not accu-
rately measure lesion size when compared with arthro-
scopic measurements. MRI overestimated lesion size in
up to 50% of cases, twice as often as it underestimated
lesion size, leading to the conclusion that MRI measure-
ment results in fairly inaccurate results favoring overesti-
mation of talar lesion size. Additionally, mean lesion area
and lesion diameter in the coronal plane measured via MRI
were significantly greater than the values found by arthro-
scopic evaluation in the current study, with post hoc power
analysis revealing sufficient power to support this finding.

To date, lesion size of 15 mm or 150 mm2 has been the
standard cutoff criterion for using BMS for OLTs.36 How-
ever, a recent systematic review, including 25 therapeu-
tic clinical studies evaluating both lesion size of OLTs
and outcomes in patients who underwent BMS, revealed
that the methods used to calculate the lesion area varied
among these studies.36 Considering the results of the
current study, caution is advised when one is interpret-
ing the outcomes described in those studies, as there
may be discrepancies in talar lesion size when measured
on MRI and arthroscopically.

The reason why MRI overestimates lesion size remains
unknown but may be due to multiple factors. The geometry
of the articular surface of the ankle may alter lesion size
measurements on MRI based on the location of the lesion.
The convexity of the articular surface of the talus limits the
ability of axial cuts to perfectly visualize the lesion. Ankle
arthroscopy may also be limited because of the ankle mobil-
ity restriction or need for multiple portals, which may alter
lesion size measurements. Further research is needed to
better understand the relationship between MRI and
arthroscopy in measuring lesion size. Yet, in light of the
findings from the present study, larger interventions that
require osteotomy and entail a greater likelihood of surgical
morbidity may not always be necessary, particularly for
patients with a lesion size of approximately 15 mm or
150 mm2, as this is the standard cutoff criterion for using
BMS for OLTs. However, the treatment algorithm for smal-
ler lesions, such as 10 mm or 100 mm2, does not necessarily
depend on the method used to measure lesion size. Clini-
cians should recognize this limitation of MRI when making

TABLE 2
Osteochondral Lesion Measurements

on MRI vs During Arthroscopya

Measurement Result P Value

Lesion area
Lesion area, mm2, mean ± SD .03

MRI 42.2 ± 30.5
Arthroscopy 28.6 ± 23.1

MRI OLT size vs arthroscopic size, %

Overestimated 53.3
Underestimated 24.4

Coronal plane
Lesion diameter, mm, mean ± SD .03

MRI 6.1 ± 2.6
Arthroscopy 4.9 ± 2.3

MRI OLT size vs arthroscopic size, %

Overestimated 48.9
Underestimated 26.7

Sagittal plane
Lesion diameter, mm, mean ± SD .05

MRI 8.0 ± 3.6
Arthroscopy 6.3 ± 3.6

MRI OLT size vs arthroscopic size, %

Overestimated 46.7
Underestimated 28.9

aMRI, magnetic resonance imaging; OLT, osteochondral lesion
of the talus. Underestimated: MRI lesion size was smaller than
arthroscopic lesion size. Overestimated: MRI lesion size was larger
than arthroscopic lesion size.

**References 3, 12, 15, 25-27, 29, 32, 34, 35, 38, 39, 44, 45, 48.
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treatment decisions and educating patients on treatment
options and clinical outcomes.

An accurate description of lesion size and homogeneity in
lesion size assessment are important for future prognostic
studies. Although MRI has been used as the standard for
preoperative assessment and diagnosis of OLTs,24,31,33 it
has several limitations compared with arthroscopy. Previ-
ous studies on OLTs have demonstrated that inconsisten-
cies exist in the way lesion sizes are measured and
characterized both on MRI and arthroscopically.†† In addi-
tion, many studies do not even report lesion size when
describing outcomes after surgical treatment of OLTs, and
many of the studies that do report lesion size do not
describe how lesions are measured.23 In the current study,
we describe a technique for measuring lesions intraopera-
tively and on MRI that is reproducible and may allow for
more consistent reporting of lesion sizes.

This study has several limitations. The study is inher-
ently limited by its retrospective design and the small num-
ber of patients. The current study included only smaller
lesions (<150 mm2) treated with BMS that were compared
only on MRI and arthroscopy. Lesions can be measured
with other imaging modalities, such as plain radiographs
and computed tomography, as well as during open proce-
dures such as autologous osteochondral transplant. Future
studies are warranted to compare sizes measured during
open procedures and on other imaging modalities. The
study is also limited because measurements made
arthroscopically were conducted prior to debridement of
unstable cartilage rims. Although lesion sizes were mea-
sured from the rim of native undamaged cartilage, debride-
ment of any unstable cartilage may make the lesions larger.
Future studies should compare arthroscopically conducted
predebridement and postdebridement measurements ver-
sus measurements made on MRI.

Although a standardized approach was used to measure
lesions on MRI and arthroscopically, some interobserver
differences in measurement may have occurred, as previ-
ously described.37 The differences in resolution of 0.1 mm
on MRI and 1 mm during arthroscopy are also limiting and
may influence the results. Further, Choi et al10 found that the
elliptical equation they described and that was used in this
study overestimated lesion area by 15% compared with
arthroscopy. Yet, our study found that MRI overestimated
the lesion area by up to 47.5% compared with arthroscopy.
This suggests that even when we account for the 15% over-
estimation inherent in the equation, MRI still overesti-
mates the size of the lesion. In addition, and contrary to
our study, Choi et al12 found that MRI underestimated
lesion diameter. The difference between the results of our
study and those of Choi et al12 highlight the limitation of
measurements made on MRI compared with those made
during arthroscopy. Future study into computer-assisted
lesion measurement and area calculations would mitigate
this limitation of MRI.

MRI may remain a valuable tool for diagnosis and char-
acterization of OLTs. The results of the present study

indicate that MRI inaccurately measures lesion size area
and diameter compared with arthroscopic measurement.
Physicians need to be aware of this discrepancy when coun-
seling patients preoperatively, particularly in those with a
lesion size of approximately 15 mm or 150 mm2; when plan-
ning their surgical technique; and when interpreting or
conducting research on the correlation of lesion size and
clinical outcomes.
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