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A B S T R A C T

Objective: To develop a method for T2 mapping of the entire tibiotalar/hindfoot articular surfaces and to ex-
amine regional T2 variation in asymptomatic volunteers, establishing necessary methods for future T2 mapping
work in patients with ankle/hindfoot injury.
Materials and methods: Twenty-six asymptomatic volunteers (11 female/13 male, aged 23–64 years in final
analysis) underwent sagittal T2 mapping. Tibiotalar and hindfoot cartilage surfaces were segmented by two
raters. The tibiotalar joint cartilage was divided into subregions to assess T2 variation across the joint. The
articular surface and subregion mean T2 values were compared using Tukey post hoc pairwise comparisons to
test for statistical significance.
Results and conclusion: Mean ankle/hindfoot cartilage T2 ranged from 37 ± 3 to 47 ± 7ms. Tibial plafond
mean T2 was significantly different from the middle and posterior subtalar cartilage T2 (both articular surface
comparisons resulted in P < .05). Talar dome mean T2 was significantly different from the posterior calcaneal-
side and talar-side subtalar cartilage, and middle calcaneal-side subtalar cartilage (P < .05 for all compar-
isons). Tibial plafond middle versus lateral, anterior versus middle, middle versus posterior, and anterior versus
posterior subregion T2 values were significantly different (P < .05 for all comparisons). Talar dome medial
versus middle, middle versus lateral, anterior versus middle, and middle versus posterior subregion T2 values
were significantly different (P < .05 for all comparisons). Ankle/hindfoot joint cartilage T2 mapping and
segmentation was found to be feasible for all cartilage surfaces except the anterior subtalar joint facet. Mean T2
differed significantly between ankle/hindfoot joint and subregion cartilage in asymptomatic volunteers.

1. Introduction

Ankle and hindfoot joint cartilage injury is frequently associated
with degenerative changes, even in the absence of symptoms [1].
Cartilage degeneration can be initiated by cartilage injury occurring
with ankle sprain [2,3] or fracture [4,5], or abnormal loading due to
chronic ankle instability [6–9] or anatomical variants [10].

Earlier treatment of cartilage damage with joint preservation op-
erations include debridement, bone stimulation techniques such as
microfracture, autologous chondrocyte implantation, realignment os-
teotomy, and osteochondral allograft or autograft transplantation
[11–13] is clearly more successful. This makes early detection of car-
tilage degeneration desirable [11,14]. With the addition of newer
ankle/hindfoot articular cartilage injury treatment procedures, such as
the use of biologics, repair cartilage quality is an important outcome

measure [13,15,16]. Objective, noninvasive tools for measuring early
changes in cartilage health are needed to diagnose early damage, plan
appropriate treatment, and judge treatment success.

T2 mapping magnetic resonance imaging (MRI) fulfills these re-
quirements, providing objective quantitative information about carti-
lage collagen fiber network organization and water content [17].
Changes in talar dome cartilage T2 mapping values have been reported
in subjects with ligament injury and chronic functional ankle instability
[7,9,18,19]. In the hindfoot joints relationships between T2* and
loading have been reported [10,20], with increased T2* values reported
during acute load application [20] and during extended (> 1 month)
periods of running-induced loading [20]. Quantitative mapping values
have also been used to compare intact and repair cartilage to judge
repair technique success [21–23]. T2 and T2* mapping provide similar
information about collagen organization and water content and both
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have been applied in the ankle/hindfoot cartilage. T2 mapping was
selected for this work because it is less susceptible to magnetic field
inhomogeneity than T2* mapping and is well validated in cartilage
[24].

Quantitative mapping may be valuable for predicting outcome and
planning appropriate treatment but requires consistent application and
region selection for clinical application. Absolute T2 values are not
necessarily consistent between MR scanners or protocols and variation
exists between individuals for what constitutes ‘normal’ cartilage values
[22,25]. Internal comparisons between cartilage regions within a single
subject address this problem [22], but care must be taken to ensure that
the comparison regions are reliable and provide consistent relative
cartilage T2 mapping values.

Cartilage T2 varies by joint [26], and by subregion in a single joint
[27], but variation between the tibiotalar joint cartilage and cartilage of
the hindfoot joints has not been examined. Our hypothesis is that sig-
nificant differences in cartilage mean T2 will exist between ankle/
hindfoot joints and subregions. The purpose of this study was to test the
feasibility of applying T2 mapping to the entire articular surface in the
ankle/hindfoot joints and to measure regional T2 variation between
clinically relevant subregions in asymptomatic volunteers. The results
of this study support the feasibility of applying these methods for future
work using T2 mapping in patients with ankle/hindfoot injury.

2. Materials and methods

Twenty-six subjects aged 18–62 years were recruited for this
Institutional Review Board approved prospective study between
January to April 2014 at the Steadman Philippon Research Institute.
Subjects provided written informed consent and were screened using a
questionnaire for ankle/hindfoot symptoms/history and clinical ex-
amination by an orthopaedic foot and ankle surgeon for alignment, gait,
visible or palpable abnormalities, range of motion, and ligament injury/
laxity. Exclusion criteria included ankle surgery or ankle injury, in-
flammatory/crystalline joint disease, osteoarthritis, calcific tendonitis,
and cartilage damage seen on subsequent MRI. This ankle cartilage T2
mapping subject group included 26 of 30 subjects from a prior paper
reporting asymptomatic peroneal tendon T2* mapping values [29]. The
subject age range was 23 to 62 years. Two of the 26 subjects were
excluded for abnormalities on MRI, resulting in 24 subjects (12 left and
12 right ankles, 11 female/13 male), with 9 men/0 women in the
youngest age group (18 to 32 years), 3 men/5 women in the middle age
group (33 to 47 years), and 1 man/6 women in the oldest age group (48
to 62 years). Assuming two-tailed repeated measures testing with an
overall α=0.05 adjusted with a Bonferroni correction to account for a
maximum of 6 subregions being compared at once, based on clinically
relevant regions and prior work in the tibiotalar and other joints
[27,28], and requirement of 80% power, it was determined that the
available sample of 24 subjects would be sufficient to detect an effect
size of d=0.85.

Ankle/hindfoot MRI was performed with a Siemens Magnetom
Verio 3 T scanner (Siemens Medical Solutions, Erlangen, Germany) with
a gradient strength of 40m T/m, using an 8-channel foot-ankle array
receive coil (Invivo, Gainesville, FL, USA). Subjects were allowed to
participate in their typical daily and athletic activities prior to their
scans. Volunteers were positioned supine with the ankle in neutral. The
protocol included a sagittal plane fat-suppressed proton-density turbo-
spin-echo Sampling Perfection with Application-optimized Contrasts
using different flip angle Evolutions (SPACE) sequence and multi-echo
spin-echo T2 mapping sequence. Table 1 lists the sequence parameters.
T2 mapping was performed 20min after participants entered the
scanner to minimize loading-related effects [7,10]. T2 values were
calculated using a pixel-wise, mono-exponential, non-negative least
square decay curve fit including all echoes (Siemens MapIt, Siemens
Medical Solutions, Erlangen, Germany).

The tibiotalar, subtalar, calcaneocuboid, and talonavicular cartilage

surfaces were independently segmented using a stylus and touchscreen
(WACOM Cintiq, Wacom Technology Corporation, Portland, OR) in
Mimics (Materialise, Plymouth, MI) on each slice of the second echo of
the T2 mapping sequence by a musculoskeletal radiology fellow with
15 years of experience [Rater 1] and a third-year medical student
[Rater 2]. The anterior talocalcaneal joint cartilage was excluded due to
inconsistent visualization.

Initial training segmentation was performed by both raters with
feedback by a senior musculoskeletal radiologist (C.P.H.), followed by
the first round of segmentation for T2 mapping analysis. The corre-
sponding fat-suppressed SPACE images were referred to for accurate
exclusion of synovial fluid and chemical shift artifact. The raters were
instructed to include only clearly visualized cartilage, excluding edge
regions with partial volume averaging. Fig. 1 shows examples of the
appearance of the second echo T2 mapping and SPACE images for
corresponding sagittal slices in one subject. Due to time constraints
Rater 1 did not segment the talonavicular and calcaneocuboid cartilage.
A third rater (Rater 3, an imaging researcher with 3 years of experience
in cartilage segmentation) completed the talonavicular and calcaneo-
cuboid segmentations. Rater 2 segmented all cartilage surfaces. Rater 2
performed a second segmentation round of all subjects to assess in-
trarater reliability, following four weeks between rounds to avoid bias.

The cartilage segmentations were overlaid on the T2 map images in
a custom MATLAB program (MATLAB Release 2013a, The MathWorks,
Inc., Natick, Massachusetts, United States) to define the regions of in-
terest (ROI). Subregions of the tibial plafond and talar dome cartilage
were defined automatically in MATLAB (Fig. 2). The most anterior and
posterior pixels of the tibial plafond and talar dome cartilage masks
were identified automatically and the anterior-to-posterior distance was
divided into equal anterior, middle, and posterior subregions (Fig. 2a
and c). The most medial and lateral pixels at the anterior-to-posterior
midpoint of each anterior-to-posterior third were identified auto-
matically and the cartilage was divided into equal medial, middle, and
lateral subregions (Fig. 2b and d) aligned to the medial and lateral
cartilage edges.

The subject median T2 values for each ROI were calculated. The
means and standard deviations of the joint and subregion median T2
values were calculated for all subjects. Statistical analyses were per-
formed in R (R version 3.2.3, R Development Core Team, Vienna,
Austria) [30] using a repeated measures analysis via random-intercepts
mixed-effects models (nlme: Linear and Nonlinear Mixed Effects
Models, R Development Core Team) with assumed exponential spatial
correlation structure and no assumption of equal variance. Statistical
significance was assessed using Tukey post hoc pairwise comparisons
(P < .05).

The regions compared included:

1) Tibial, talar, and middle, posterior subtalar joint surfaces (6 regions)
2) Talonavicular, calcaneocuboid joint surfaces (4 regions)
3) Medial, middle, lateral tibial plafond subregions (3 regions)
4) Anterior, middle, posterior tibial plafond subregions (3 regions)

Table 1
Acquisition parameters for T2 mapping and SPACE sequences.

Sequence T2 map (sagittal) SPACE (sagittal)

Repetition time [ms] 1810 1200
Echo time [ms] 10.7,21.4,32.1,42.8,53.5 45
Field of view [mm] 120 150
Matrix 256× 256 256×256
Voxel size [mm] 0.47×0.47× 2.00 0.59×0.59× 0.70
Slice thickness [mm] 2.00 0.70
Slice spacing [mm] 2.00 –
Distance factor [%] 100 –
Number of slices 30 144
Examination time [min:sec] 6:56 7:16
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5) Medial, middle, lateral talar dome subregions (3 regions)
6) Anterior, middle, posterior talar dome subregions (3 regions)

We tested for potential sex-related differences in T2 for each carti-
lage region using Welch’s t-test with statistical significance defined at
the level of P < 0.05. Median T2 intrarater and interrater measure-
ment reliability was assessed using a two-way random effects model to
calculate the single measures, absolute agreement version of the in-
traclass correlation coefficient (ICC), interpreted as: ICC< .40 = poor
agreement; .40 ≤ ICC ≤ .75 = fair to good agreement; ICC> .75 =
excellent agreement [31].

3. Results

The mean cartilage T2 values for the ankle and hindfoot articular
surfaces ranged from 37 to 47ms with between-subject standard de-
viations of 3 to 9ms, as shown in Fig. 3. The specific values for each
articular surface, as well as the inter- and intrarater absolute agreement
ICC values are listed in Table 2. Fig. 4 illustrates intrarater and inter-
rater T2 variation in the two largest cartilage regions, showing the tibial
plafond intrarater (Fig.4a) and interrater (Fig. 4b) and talar dome

intrarater (Fig. 4c) and interrater (Fig. 4d) T2 differences in the form of
Bland-Altman plots.

Fig. 5 shows a boxplot of the region median T2 values for the

Fig. 1. Example sagittal images from one subject showing corresponding T2 mapping (a-d) and SPACE (e-h) sequence images.

Fig. 2. Anterior, middle, and posterior subregions of tibial plafond
(a); medial, middle, and lateral subregions of tibial plafond (b);
anterior, middle, and posterior subregions of talar dome (c); and
medial, middle, and lateral subregions of talar dome (d) illustrated
with dashed lines on the superior-inferior view of the cartilage
segmentation with T2 map color-scale.

Fig. 3. Mean cartilage T2 value for each articular surface with error bars
showing between-subject standard deviation.
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tibiotalar and subtalar cartilage regions. The tibial plafond cartilage
mean T2 (37 ± 3ms) was found to be significantly different from the
mean T2 of all four subtalar joint cartilage regions (middle subtalar
joint, talar side: 43 ± 9ms, P= .0157; middle subtalar joint, calca-
neal side: 47±7 ms, P < .001; posterior subtalar joint, talar side:
43±4 ms, P < .001; posterior subtalar joint, calcaneal side: 43± 4
ms, P < .001). The talar dome cartilage mean T2 (39± 3 ms) was
found to be significantly different from the mean T2 of both posterior
subtalar joint cartilage regions (calcaneal side P= .0018, talar side
P < .001) and the middle subtalar joint, calcaneal side cartilage re-
gion (P < .001).

Fig. 6 shows a boxplot of the region median T2 values for the ta-
lonavicular and calcaneocuboid cartilage regions. With the number of
subjects available, no significant differences were detected between
those four regions.

Fig. 7 shows a boxplot of the region median T2 values for the tibial
plafond cartilage regions. The middle and lateral subregion mean T2
values were found to be significantly different (36 ± 4 versus
39 ± 5ms, P < .001), as were the T2 values for the anterior versus
middle (37±4 versus 35±3 ms, P= .0495), middle versus posterior
(35± 3 versus 41±5 ms, P < .001), and anterior versus posterior
subregions (P= .0017).

Fig. 8 shows a boxplot of the region median T2 values for the talar
dome cartilage regions. The medial versus middle (40 ± 5 versus
38 ± 3ms, P < .001), and middle versus lateral (38± 3 versus
39±4, P= .0098) subregion mean T2 values were found to be sig-
nificantly different, as were the T2 values for the anterior versus middle
(40± 4 versus 38± 4, P= .0133) and middle versus posterior sub-
regions (38±4 versus 40± 4, P= .0156).

Significant differences in mean T2 were found between the male
and female groups for the anterior tibial (35ms female average T2

versus 38ms male average T2, t(17.48) = -2.33, P= .0315) and
posterior talar (42 ms average female T2 versus 38 ms average male T2,
t(20.78) = 2.31, P= 0.0314) cartilage regions.

4. Discussion

This study establishes a T2 mapping and clinically relevant sub-
region division method and tests feasibility for T2 mapping and sub-
region definition in asymptomatic volunteers. These methods can be
applied in the future to the evaluation of injured or degenerated ankle/
hindfoot cartilage. The results of this study demonstrate that significant
differences in cartilage mean T2 exist between several articular surfaces
and subregions of the ankle and hindfoot. These results support the
importance of considering regional variation when utilizing T2 map-
ping for evaluation of ankle and hindfoot cartilage health following
ankle injury or other biomechanical alterations and after treatment of
cartilage injury with conventional or newer biologically-augmented
techniques.

This study is one of the few, in addition to those by Lim et al. [27]
and Cha et al. [32], to compare ankle cartilage mean T2 between ar-
ticular surfaces or subregions. In contrast, most previous studies have
compared mean subregion T2 between control and injury groups but
have not compared subregions against one another. This study is also
unique because it includes T2 mapping values over the entire articular
surfaces of the hindfoot in contrast to prior quantitative mapping stu-
dies of the hindfoot joint cartilage which were limited to measuring T2
over a single subtalar facet [10] or a single slice within each articular
surface [20]. T2 mapping of all the articular surfaces in the hindfoot
rather than a single slice or facet provides comprehensive T2 mapping
information about the hindfoot joint cartilage health and may allow
detection of small localized changes not captured in more limited T2

Table 2
Mean T2± standard deviation for each region/subregion and interrater and intrarater absolute agreement ICC values.

Cartilage region Mean ± standard deviation [ms] Interrater
(Rater 1* round 1 vs. Rater 2 round 2)
*Rater 3 for talonavicular, calcaneocuboid

Intrarater
(Rater 2 round 1 vs. Rater 2 round 2)

Joint Regions Rater 1, round
1

Rater 2, round
1

Rater 2, round
2

Agreement ICC 95% CI LB 95% CI UB Agreement ICC 95% CI LB 95% CI
UB

Tibial plafond 36 ± 4 38 ± 4 37 ± 3 0.71 0.01 0.95 0.67 0.38 0.83
Talar dome 44 ± 4 43 ± 4 39 ± 3 0.32 −0.03 0.65 0.54 0.33 0.71
Subtalar, posterior facet, calcaneal

side
41 ± 3 43 ± 4 43 ± 4 0.33 −0.08 0.75 0.87 0.73 0.95

Subtalar, posterior facet, talar side 42 ± 3 43 ± 5 43 ± 4 0.71 0.33 0.88 0.87 0.67 0.95
Subtalar, middle facet, calcaneal

side
43 ± 5 48 ± 9 47 ± 7 0.60 0.33 0.78 0.57 −0.00 0.84

Subtalar, middle facet, talar side 43 ± 6 42 ± 6 43 ± 9 0.66 0.49 0.87 0.83 0.61 0.97
Talonavicular, navicular side 38 ± 3 40 ± 4 38 ± 4 0.84 0.37 0.96 0.68 0.30 0.88
Talonavicular, talar side 37 ± 4 40 ± 5 39 ± 4 0.65 0.31 0.92 0.77 0.53 0.89
Calcaneocuboid, cuboid side 39 ± 5 44 ± 8 41 ± 8 0.90 0.74 0.97 0.84 0.48 0.97
Calcaneocuboid, calcaneal side 40 ± 4 43 ± 7 41 ± 6 0.66 0.38 0.84 0.78 0.48 0.95
Tibiotalar Subregions
Tibial plafond, anterior 38 ± 5 38 ± 5 37 ± 4 0.60 −0.51 0.96 0.62 0.18 0.90
Tibial plafond, middle 33 ± 3 35 ± 4 35 ± 3 0.62 0.08 0.86 0.75 0.55 0.89
Tibial plafond, posterior 39 ± 5 44 ± 6 41 ± 5 0.54 −0.01 0.84 0.57 0.32 0.82
Tibial plafond, medial 37 ± 6 38 ± 5 37 ± 3 0.40 −0.13 0.85 0.66 0.40 0.85
Tibial plafond, middle 34 ± 4 36 ± 4 36 ± 4 0.81 0.59 0.89 0.75 0.43 0.92
Tibial plafond, lateral 37 ± 3 41 ± 6 39 ± 5 0.40 −0.11 0.73 0.66 0.42 0.83
Talar dome, anterior 42 ± 5 44 ± 5 40 ± 4 0.62 0.21 0.87 0.44 0.31 0.65
Talar dome, middle 44 ± 5 40 ± 6 38 ± 4 0.45 −0.01 0.80 0.81 0.63 0.89
Talar dome, posterior 49 ± 5 46 ± 5 40 ± 4 0.04 −0.10 0.23 0.35 0.09 0.64
Talar dome, medial 48 ± 5 45 ± 5 40 ± 5 0.13 −0.06 0.40 0.53 0.32 0.71
Talar dome, middle 43 ± 5 41 ± 4 38 ± 3 0.41 −0.01 0.73 0.55 0.30 0.74
Talar dome, lateral 42 ± 4 42 ± 6 39 ± 4 0.59 0.08 0.95 0.67 0.41 0.83

ms=milliseconds.
ICC= intra-class correlation coefficient.
CI= confidence interval.
LB= lower bound.
UB=upper bound.
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mapping regions of interest.
Our results for the relative T2 values of the tibial and talar cartilage

are similar to those reported by Lim et al., with the mean T2 of the talar
dome cartilage being higher than that of the tibial plafond cartilage

[27]. Our finding of significantly higher mean T2 in the posterior
subregion of the tibial plafond than in the anterior and middle sub-
regions of the tibial plafond, and in the posterior subregion of the talar
dome than in the middle subregion of the talar dome, is consistent with
the results of Lim et al. and Cha et al., who reported significantly higher
T2 in the posterior tibiotalar subregions versus the corresponding
anterior and middle subregions [27,32]. Potential contributors to this
variation in T2 between tibiotalar cartilage subregions include magic
angle artifact due to differences in cartilage orientation relative to the

Fig. 4. Bland-Altman plots for the tibial plafond intrarater (a) and interrater (b) comparisons, as well as for the talar dome intrarater (c) and interrater (d) com-
parisons.

Fig. 5. Boxplots for tibiotalar and subtalar joint articular surface cartilage re-
gion T2 values. Significant differences between regions are indicated with
brackets labeled with associated P-values.

Fig. 6. Boxplots for talonavicular and calcaneocuboid joint articular surface T2
values.
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main magnetic field and differences in cartilage loading between the
subregions [27].

The significant differences in mean T2 between the male and female
subject groups for the anterior tibial and posterior talar cartilage re-
gions have some similarity to the results from Lim et al., which showed
significantly greater T2 for male versus female subjects in the overall
tibial cartilage and anterior and middle tibial and talar cartilage regions
[27]. However, their results showed consistently higher T2 for males,
while we found that males only showed significantly higher T2 than
females in one subregion, and that females had higher T2 in at least one
subregion. These differences in results could be due to the wider subject
age range and smaller number of subjects per group in our study
compared to the larger and more narrowly age matched groups studied
by Lim et al. (25 male, 25 female subjects aged 20 to 27 years in the
study by Lim et al. versus 13 male, 11 female subjects aged 23 to 64
years in this present study).

This study has several limitations. First, limited T2 mapping re-
solution prevented us from separating the deep and superficial cartilage
layers, which have been shown to have different T2 mapping values
[7,23]. With in-plane resolution limited to 0.47mm/pixel the thickness
of the talar dome cartilage, which has been shown to be approximately
1.1 to 1.4mm on average [33], consisted of only 2 to 3 pixels, making
segmentation precision challenging. The resolution and slice thickness
limitations also cause partial volume averaging between the cartilage
and the subchondral bone and synovial fluid, as visualized in Fig. 1.
Post-acquisition interpolation has been used to increase T2 map image
resolution in the ankle [7] and may reduce partial volume averaging
effects, but needs to be validated against high acquisition resolution T2
mapping values.

In addition, the interrater reliability was poor for the talar dome and
calcaneal-side posterior subtalar facet, and medial and posterior talar
dome subregions. The intrarater reliability was also poor for the pos-
terior talar dome subregion. The poor segmentation reliability in these
areas could be due to the disparate rater experience levels, the thin

cartilage and previously mentioned partial volume averaging at the
cartilage-bone and cartilage-synovial fluid interfaces, and challenge in
defining the peripheral cartilage margins due to partial volume aver-
aging. The challenge of reliable manual segmentation highlights the
need for automated segmentation methods, which remove subjectivity
and reduce segmentation time, both of which will be necessary for
wide-spread clinical implementation of T2 mapping in the ankle/
hindfoot joint cartilage.

We did not analyze several subject-specific characteristics that may
affect cartilage T2 mapping values. Subtalar joint configuration has
been shown to be correlated with the T2* value of the posterior subtalar
joint facet cartilage but was not analyzed in this study [10]. Also, we
did not exclude subjects with contralateral ankle/foot injury or symp-
toms, which could cause gait changes and altered load on the asymp-
tomatic, imaged ankle/hindfoot.

Lastly, we did not perform subgroup analysis by age due to the re-
latively small number of subjects per group, uneven distribution of male
and female subjects in the youngest versus oldest age groups, and lack
of precise age data for all subjects due to some subjects having had only
the age group recorded rather than precise age in years. Age-related
changes in cartilage T2 have been demonstrated in the knee and likely
exist in the ankle/hindfoot joints [34,35]. While this study was limited
by relatively low subject numbers, the methods and initial results of this
work can be applied to future work in a larger number of subjects for
more robust analysis of potential age and sex-related T2 differences in
the ankle and hindfoot cartilage over clinically-relevant subregions.

Other limitations include a short unloading period, which could
create variation as the ankle cartilage T2 has been shown to change
with unloading over a 30-minute scan [7], and the use of standard
clinical positioning rather than a more precise positioning technique,
potentially creating variation in the effects of magic angle. These and
additional factors (e.g. diurnal and activity-induced cartilage water
content variation) could influence scan-rescan repeatability, which was
not assessed in this study. Longitudinal repeatability of ankle T2

Fig. 7. Boxplots for tibial plafond subregion T2 values. Significant differences between regions are indicated with brackets labeled with associated P-values.

Fig. 8. Boxplots for talar dome subregion T2 values. Significant differences between regions are indicated with brackets labeled with associated P-values.
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measurements remains to be tested.
T2 mapping MRI has the potential to provide objective quantitative

information about cartilage health for early detection of cartilage de-
generation, treatment planning, and measurement of post-treatment
cartilage quality. Significant differences in mean T2 in the tibiotalar
and subtalar joint cartilage between articular surfaces and across the
subregions of the tibial plafond and talar dome cartilage found in this
study emphasize the necessity of considering regional variation when
utilizing T2 mapping values. This is essential for comparison between
control and ankle/hindfoot-injury groups or when selecting comparison
regions for longitudinal measurement of ankle cartilage T2 values fol-
lowing injury or cartilage repair.
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