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Abstract

OBJECTIVES: In human menisci, investigate whether calcium pyrophosphate crystal deposition 

(CPPD) affects biomechanical and quantitative MR properties, and their zonal distribution.

MATERIALS AND METHODS: From nine cadaveric knees, sectioned triangular meniscus 

pieces were harvested. Samples were classified into “Normal” or “CPPD” groups based upon 

visual inspection. Micro-CT scan verified CPPD. Using MRI, ultrashort echo time (UTE) T2* and 

spin echo (SE) T2, quantitative values in three zones (red, red-white and white) were determined. 

Using biomechanical test, indentation forces (g) in the same zones were determined. Effects of 

CPPD and meniscal zone on indentation force and quantitative MR values were compared.

RESULTS: On UTE MR images, CPPD-affected menisci exhibited punctate dark regions, found 

mostly (92%) in avascular white and red-white zones. Indentation forces were significantly higher 

for CPPD samples in the red-white (all p<0.02) and white (all p<0.004) zones but not in the 

vascular red zone (all p>0.2). Similarly, UTE T2* red zone values were similar between both 

groups (~6.6 ms, p=0.8) while in the red-white and white zones, CPPD samples had significantly 

lower values (~5.1 ms, p=0.005 to 0.007). In contrast, SE T2 values showed no difference with 

CPPD (p=0.12 to 0.16). UTE T2*, but not SE T2, correlated significantly with indentation force 

(R=−0.29, p=0.009).

CONCLUSIONS: Dark CPP deposits were detectable on UTE images featuring high signal 

intensity from surrounding meniscal tissue. Preliminary results indicate that CPP deposits were 

almost exclusively found in the avascular zones. Compared to normal, CPPD menisci featured 

higher indentation stiffness and lower UTE T2* values in the affected zones.
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INTRODUCTION

Menisci are crucial for even load distribution in the knee by providing congruent contact 

surfaces through which approximately 45–85% of the joint load is transmitted (1). The 

menisci contain 15–25% highly organized collagen fibers accounting primarily for the 

predominantly short T2 properties resulting in its hypointense signal on standard clinical 

MRI sequences (2, 3). With ultrashort time to echo (UTE) MR techniques (using TE <1 ms) 

sufficient MR signal of the short T2 components of the menisci can be acquired before the 

signal decays (4–6). This physical principle builds the foundation for detection of 

calcifications in the meniscus, as the meniscal tissue appears bright on the UTE images and 

provides contrast between it and the low signal calcifications. The basic feasibility of this 

concept has been shown in an MRI study by Omoumi et al. from 2012 (7) on menisci and by 

Sharma et al. on internal carotid arteries (8), and, in a broader sense, for radiation-free bone 

imaging of the shoulder (9) and the spine (10).

Meniscal calcifications can be seen in degenerative disease, trauma or calcium 

pyrophosphate crystal deposition (CPPD) disease (11, 12). CPPD disease of the knee is a 

common condition particularly in the elderly population (≈10% are affected in age group ≥ 

60yrs) that leads to chondrocalcinosis affecting the fibrocartilaginous menisci as one site of 

predilection (13). Most commonly, CPPD is asymptomatic but can occasionally present as 

acute CPPD-associated arthritis and is then known as pseudogout. Controversy exists as to 

whether chondrocalcinosis of the menisci is a consequence of a systemic procalcifying 

predisposition (14) that may lead to osteoarthritis (15) or is a result of an osteoarthritic 

process with secondary crystal deposition (16). Pathological meniscal calcifications, which 

may alter the biomechanical properties of the knee meniscus, may constitute an important 

contributory factor to osteoarthritis. There is an abundance of literature related to the 

biomechanical function of healthy menisci (17) including reference values for the 

aggregate-, tensile and shearing modulus, (18) as well as biomechanical consequences of 

meniscal tears (19). To our knowledge there is no literature investigating the biomechanical 

properties of menisci affected by CPPD. There is also a paucity of studies that has 

investigated the biomechanical alterations of CPPD-affected articular cartilage (20). 

Furthermore, there is no systematic literature about the distribution of CPPD with regard to 

three zones of the meniscus that were defined by several studies as the peripheral 

vascularized “red zone” and the inner avascular “red-white” and “white” zone (21–23). This 

knowledge would be useful for basic understanding of CPPD formation in menisci, as well 

as an important diagnostic consideration for characterization of altered meniscal signal on 

standard MR imaging (24). Further, the presence of CPPD has implications for the 

therapeutic algorithm in cases of CPPD-affected knees with meniscal tears to decide 

between a non-operative approach, meniscectomy or primary meniscal repair (25). 

Frequently, during the assessment of a knee MRI in daily routine no matching radiograph is 
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present, and even radiographs do not feature a satisfactory sensitivity for detection of 

calcium deposits (12, 26).

The objective of this study was to investigate whether CPPD-affected menisci exhibit altered 

biomechanical properties as well as UTE- and spin echo (SE) T2-derived values compared 

to normal human menisci and if these values may serve as a surrogate for meniscus stiffness. 

Furthermore, we sought to determine the zonal distribution of the CPP deposits in cadaveric 

menisci by using micro computed tomography (micro CT) and high-resolution UTE MR 

imaging.

MATERIALS AND METHODS

This cadaveric study was exempted from the Institutional Review Board (IRB) approval.

Cadaveric specimens

A total of nine previously frozen cadaveric knees of six different donors from the (blinded 
for review) Anatomical Material Program (three women/ three man; 61.3 ± 16.0 years old, 

mean ± standard deviation) were used. Knees were thawed, and menisci were excised from 

the knees and sectioned sagittally, into 5 mm thick triangular anterior and posterior horn 

pieces. By MR imaging, gross inspection, and micro CT (see the section below), samples 

with normal appearance were placed into “Normal” group (n=15 pieces), and samples 

affected with CPPD but otherwise normal appearance were placed into “CPPD” group 

(n=12). The fraction of the meniscus specimens harvested from the medial and lateral 

menisci was the same for both groups. The remaining samples (n=19) had tear or severe 

degeneration or were damaged during dissection and were excluded from the study. None of 

the included knee cadavers showed signs of a previous surgery. Normal samples came from 

six knees of four donors (three women, one man; mean 62.3 ± 18.2 years old; body mass 

index (BMI) 15.9 ± 3.0), while CPPD samples came from three knees of two donors (two 

men; 59.5 ± 16.2 years old; BMI 23.6 ± 8.1). Meticulous documentation of the dissection 

procedure by photographs was performed to ensure that the harvesting site of the meniscus 

pieces was accurately matched with the whole cadaveric knee MR images.

Classification of Normal vs. CPPD-affected menisci

The classification menisci into the categories of “Normal” or “CPPD” groups was made by 

applying the following steps: (1) We selected cadaveric knees (9 of 10) based on a 

conventional knee MR protocol (Figure 1A) that showed no clear signs of meniscal tear or 

degeneration as defined by Nguyen et al. (27) and no higher degrees of knee osteoarthritis (≤ 

grade 2) as defined by Park et al. (28); (2) the selected knees were dissected to harvest 

anterior and posterior horn menisci, which were visually inspected (Figure 1D) to classify 

them into “Normal” (n=15) or “CPPD” (n=12) menisci (19 meniscus samples were removed 

from the study at this stage); (3) the presence or absence of CPP deposits in the selected 

menisci was confirmed with micro CT scanning and inspection.
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MR Imaging

All the MRIs were performed on a 3-T MR Discovery 750 scanner (GE Healthcare, 

Milwaukee, WI). Prior to dissection, the whole cadaveric knees were scanned with a 

dedicated 8-channel knee coil, using a standard clinical knee MRI protocol (Figure 1A) as 

well as 3D Cones (Figure 1BC), a 3D UTE sequence (29), as detailed in Table 1. The 3D 

Cones prototype sequence uses a unique k-space sampling trajectory that samples data along 

conical surfaces in 3D (29) and has proven reliable and consistent in past studies (10, 30, 

31).

After dissection, the meniscus specimens were mounted onto a custom-made jig that was 

placed in a syringe filled with Fomblin perfluoropolyether (Solvay SA, Brussels, Belgium) 

to reduce susceptibility artifacts. The mounted samples were then scanned (Figure 1E) using 

a custom 1-inch diameter birdcage coil. Scanning protocol of the meniscus specimen is also 

summarized in Table 1. Briefly, spin echo (SE) T2 map sequence with 8 echo times (TE) 

ranging from 10 to 80 ms was used to determine T2 values, and a 3D Cones sequence with 4 

TE ranging from 0.05 to 12 ms was used to determine UTE T2* values, of the meniscus 

samples (32).

Micro CT imaging

Micro CT of the meniscus specimens was performed using a Skyscan 1076 CT scanner 

(Skyscan, Aartselaar, Belgium) with the following parameters: 1 mm aluminum filter, voxel 

size of 36 μm, x-ray source voltage of 70 kV, current of 141 μA, exposure time of 100 msec, 

rotation angle of 0.7 degrees, and 3 frames averaging. Reconstruction (Figure 1F) was 

performed with NRecon (Skyscan) software.

Meniscus zone classification

The “red zone” of the meniscus was defined according to the study from Hauger et al. as the 

peripheral meniscus rim that constitutes approximately 15% of the meniscus that is located 

immediately central to the fatty parameniscal connective tissue (21). The length of the entire 

meniscus specimen was measured (excluding the fatty parameniscal connective tissue) along 

its long axis. The peripheral 15% of meniscal tissue was assigned to red zone. The residual 

inner 85% of the meniscus length was equally divided into two halves that were assigned to 

the outer “red-white” and the inner “white zone” of the meniscus (dotted lines in Figure 

2AB). These dotted lines were drawn perpendicular to the flat tibial side of the meniscus.

Indentation Stiffness Assessment

Indentation stiffness testing was conducted by using a dedicated biomechanical testing 

machine (MACH-1; Biomomentum, Quebec, Canada), equipped with a uniaxial load cell 

(precision of 0.01 g, maximum load of 150 g) and a 1-mm diameter plane-ended cylindrical 

indenter. Meniscus samples were placed into custom mold to hydrate and position the cut 

surface (furthest from the intercondylar eminence) of the sample orthogonal to the indenter. 

At each site, indentation protocol consisted of an application of 0.1 mm compression at a 

velocity of 0.1 mm/s, hold for 1 s, and a release at the same velocity, while recording the 

force. The peak force was determined from the measured force-time data; a higher force 

represented a stiffer tissue.
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The entire cut surface was tested in a grid-pattern with 1-mm spacing, to create contour 

color map of indentation force (Figure 2CD) using Matlab (version 2017b; Mathworks, 

Natick, MA). Furthermore, femoral and tibial articular surfaces were also tested along the 

middle line of the long axis of each specimen with a 1 mm spacing. To spatially register 

indentation sites to corresponding quantitative MR values, photographs were taken during 

indentation testing and overlaid with MR images.

Imaging analysis

Meniscus sample gross morphology, MR images, and micro CT images were reviewed in 

consensus by two board-certified radiologists (initials blinded for review and initials blinded 
for review), with 8 and 7 years of experience of musculoskeletal radiology, respectively. 

They determined the sample groups (Normal and CPPD), defined the three meniscal zones 

(red, red-white and white) on images, and identified CPP deposits in MR and micro CT 

images.

For quantitative MR evaluation, using MATLAB, region of interest (ROI) was drawn for 

each meniscal zone to calculate SE T2 and UTE T2* values and to create color maps for 

visualization (Figure 2EF).

Statistics

For each sample and zone, an average of indentation force, SE T2, and UTE T2* value was 

determined. Using repeated measure ANOVA, effects of pathology (Normal vs. CPPD) and 

meniscal zone (repeated factor: red, red-white, white zones) on indentation peak force and 

quantitative MR values were assessed. Planned comparisons were also made to compare 

zones pair-wise, and to compare Normal vs. CPPD groups within each zone. Correlation 

between indentation force (on cut surface) vs. MR values were assessed using Pearson 

correlation.

RESULTS

The gross appearance, indentation force maps, quantitative UTE T2* MR maps, MR images 

and micro CT images of normal and CPPD-affected menisci are illustrated in Figure 2. 

Grossly, normal samples were intact with smooth surfaces (Figure 2A), while CPPD samples 

were characterized by an abundance of punctate and white calcium deposits (Figure 2B), 

found in white and red-white zones. Indentation force maps indicated that normal menisci 

(Figure 2C) had lower indentation force than CPPD-affected regions of the menisci (Figure 

2D). UTE T2* maps indicated that, compared to normal (Figure 2E), the CPPD-affected 

regions (Figure 2F) had generally lower T2* values. In normal samples, we did not find 

signs of CPP deposits on gross image (Figure 2A), the UTE image (Figure 2G), or micro CT 

(Figure 2I). Interestingly, in all CPPD-affected samples, the red zone is almost always 

spared from the CPP-deposits, as evident on the gross image (Figure 2B), the UTE image 

(Figure 2H), and the micro CT image (Figure 2J).
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Indentation Force

As shown in Figure 3, the mean indentation force of the meniscus specimen was 

significantly higher for CPPD-affected than normal meniscus samples in a zone-dependent 

manner. This was true of all surfaces tested; the effect of CPPD to increase indentation force 

values was significant when testing the cut surface (Figure 3A, p<0.0001), femoral surface 

(Figure 3B, p=0.007) and tibial surface (Figure 3C, p=0.003). The interaction between 

pathology and meniscal zone was also significant in each case (cut surface p=0.001; femoral 

surface p=0.04; tibial surface: p=0.01), due to the increased indentation forces in the 

avascular white (all p<0.004) and red-white (all p<0.02) zones of CPPD samples relative to 

the normal samples. In the vascular red zone, there was no significant difference between 

groups (all p>0.2).

Quantitative MR values

UTE T2* values showed similar pathologic and zonal trends as indentation forces: red zone 

values were similar between groups (Normal: 6.4 ± 1.6 ms, CPPD: 6.6 ± 1.6 ms, p=0.8) 

while the values in the red-white (Normal: 6.4 ± 1.2 ms, CPPD: 5.2 ± 0.9 ms, p=0.007) and 

the white zone (Normal: 6.2 ± 1.0 ms, CPPD: 5.1 ± 0.7 ms, p=0.005) were significantly 

lower in the CPPD samples (Figure 4A). In contrast, SE T2 values showed no significant 

difference between groups in the red-white and white zone (p=0.12 to 0.16, Figure 4B).

Correlation between Indentation Stiffness and Quantitative MR values

There was a significant negative correlation between indentation force vs. UTE T2* when 

considering all meniscus samples (R=−0.29, p=0.009, Figure 5A). The correlation was much 

stronger for the subset of CPPD samples (R=−0.48, p=0.003), but not for the normal 

samples (R=+0.19, p=0.2). The indentation force vs. SE T2 did not show significant 

correlation for all samples (R=−0.05, p=0.676; Figure 5B), and showed a significant (but 

weaker than UTE) negative correlation for the CPPD samples (R=−0.41, p=0.013).

Micro CT

In 11 of 12 (92%) CPPD-affected specimens, the CPP deposits were exclusively found in the 

red-white and white zones (i.e., avascular zone), but not in the red zone (Figure 1D-F and 

Figure 2BHJ). Only in one meniscus specimen CPP deposits could be found scattered in the 

red zone close to the boundary to the red-white zone. CPP deposits were not found in any of 

the normal samples.

DISCUSSION

Our results showed that CPP deposits are almost exclusively located in the avascular red-

white and white zone but not in the vascular red zone of the human menisci. Accordingly, 

the avascular zone of CPPD-affected menisci has distinctly stiffer biomechanical properties 

than the corresponding zone of the normal menisci. Consistent with the distribution of the 

CPP deposits, UTE T2* values were significantly lower in the red-white and white zones of 

the CPPD samples compared to those zones of the normal menisci. In contrast, conventional 

SE T2 values could not distinguish CPPD vs. normal samples. SE T2 and T2* values found 

in our study are comparable to those previously described (2, 33, 34). Human meniscus has 
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fairly short T2 values making it appear hypointense on conventional MR sequences (7). 

Commonly, the presence of CPP deposits further shorten the T2 values of the meniscus, but 

the change is undetectable using conventional MR sequences due to the lack of contrast 

between the dark deposits within the dark meniscus tissue. Using a TE of less than 0.1 ms, 

UTE sequence enables T2* characterization of both normal and CPPD-affected menisci, 

demonstrating its sensitivity to the disease. In addition, we found a strong negative 

correlation between the UTE T2* values and meniscus stiffness for all meniscus samples. 

Therefore, UTE T2* may serve as a suitable indicator of meniscus stiffness in CPPD-

affected menisci.

A chicken-or-egg controversy exists whether chondrocalcinosis of the menisci may lead to 

osteoarthritis or is a result of an osteoarthritic process with secondary crystal deposition (14, 

16, 35). Our biomechanical results, in line with past indentation studies on healthy human 

meniscus (36), provide additional data on zonal variations in normal and CPPD-affected 

menisci, which have not been described before (18, 37, 38). The zonal variation of meniscus 

stiffness in CPPD-affected menisci could influence their ability to develop hoop stress aiding 

to compensate for the vertical compressive load (17). However, further investigation is 

needed to determine if there is a biomechanical ramification of CPPD, such as increased 

wear of the articulating cartilage and meniscal surfaces due to the presence of hardened 

crystals.

Our finding that CPP deposits are almost exclusively located in the avascular zones but not 

in the vascularized red zone of the human menisci has not been described before in the 

literature. This might be explained by the hypotheses about the genesis of calcium 

pyrophosphate crystal depositions in tissues stating that these deposits crystalize in a 

hypoxic environment (39–41), which is more likely found in the avascular red-white and 

white zone but not in the vascular red zone of the meniscus. In contrast to meniscus, more 

extensive research has been performed about cartilage and CPP deposits are believed to 

occur in cartilage due to a combination of metabolic (e.g., high pyrophosphate concentration 

and by up-regulation of the ANK protein which is responsive to hypoxia via HIF-1α (41)) 

and cartilage matrix changes in the presence of adequate calcium concentration (20, 41, 42). 

However, considering the small number of cadaveric knees affected by CPPD in our study, 

this finding should be considered preliminary.

Our results indicate the feasibility of CPP detection in the meniscus using the UTE 

technique, which is suitable for the clinical setting (Figure 1BC). Detection of CPPD in the 

knee using conventional MRI (43, 44) has been successful in articular cartilage but not 

accurately in the meniscus (43, 44). In contrast, with addition of UTE sequence, it may be 

possible to detect CPPD in other short T2 tissues of the knee including the menisci. 

However, additional studies are needed to optimize UTE MR scanning protocols for CPPD 

detection, and to translate the technique in vivo.

Our study has further limitations. First, we did not perform a histopathological analysis to 

prove the presence of CPPD. However, the granular or fluffy patterns of deposits in the 

meniscus specimen as visible on micro CT were very suggestive of CPP deposits (12, 44). 

Furthermore, we excluded higher grades of osteoarthritis of the cadaveric knees by applying 
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the MR knee osteoarthritis assessment defined by Park et al. on the knee MR scans prior to 

dissection (28). Using this approach secondary crystal deposition other than CPP crystals, 

e.g., dystrophic calcifications in degenerative joint disease, as the underlying cause for this 

distinct pattern of deposits in the menisci became highly unlikely. Second, the samples had 

been previously frozen, and the freeze-thaw cycles may have affected our results. However, 

the freeze-thaw cycles were kept to a minimum and literature indicates that the quantitative 

MR and biomechanics are not affected greatly by two freeze-thaw cycles (45, 46). Third, 

CPPD was found in three knees from two donors only. However, inherently it is not feasible 

to scrutinize cadaver specimens from the University (blinded for review) Anatomical 

Material Program for presence of CPPD before the purchase. Fourth, several meniscus 

samples were excluded from the study due to tear, severe degeneration or damage during 

dissection. In those specimens, the biomechanical properties and the quantitative MR values 

would have been altered and thereby the comparison between both groups “normal” vs. 

“CPPD-affected” would have been unreasonable. Fifth, the red zone of the meniscus is 

difficult to define exactly, using even histology, and this may have been a source of error. 

Past studies have simply assigned a varying range of 10–33% of the periphery to roughly 

define the red zone (21–23), and we used 15% criteria as defined by Hauger et al. (21). 

Finally, for the quantitative MR evaluation, we imaged a single slice through the middle of 

the sample, 1–2 mm beneath the cut surface. In contrast, indentation testing was performed 

on the cut surface and whose properties may be slightly different from the tissue being 

imaged.

In conclusion, preliminary results indicate that CPP deposits were almost exclusively found 

in the avascular red-white and white zone but not in the vascular red zone of cadaveric 

menisci. Compared to normal menisci CPPD-affected menisci feature distinctly stiffer 

mechanical properties and lower UTE T2* values in a negatively correlated manner.
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Figure 1. 
MR imaging of a knee from a 71-year old male donor (A, B, C) with a scan protocol suitable 

for the clinical setting and the corresponding sample of the posterior horn of the lateral 

meniscus (D, E, F). On the proton density weighted image (PDw) at echo time (TE) of 35 

ms (A), CPP deposits are not visible within the dark meniscus. In contrast, on the ultrashort 

echo time (UTE) image using an TE of 0.05 ms (B), sufficient signal is obtained from the 

short T2 meniscal tissue, provides a good contrast against the dark CPP deposits (short 

arrows) in the posterior horn meniscus. However, on the UTE image at TE=4 ms (C), the 

signal of the meniscus has decayed and detection of CPP deposits in the meniscus becomes 

difficult. After dissection, the same meniscus sample from the posterior horn is shown 

grossly on the surface (D), and imaged with UTE MR technique (E) as well as with micro 

CT image (F) on a middle slice. In these images (D-F), localization of CPPD in avascular 

white and red-white zones is obvious.

Note that on the PD NFS image, a few dark CPP deposits (A, arrows) are vaguely visible 

within articular cartilage of the femoral condyle, due to the fact that the cartilage has longer 

T2 components than the meniscus and thus appears with high signal intensity. In 

comparison, on the UTE image at TE=4 ms, greater number and extent of dark CPP deposits 

in the femoral and tibial cartilage (C, arrowheads) are seen, with a high contrast.
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Figure 2. 
Gross photographs of menisci belonging to normal (A) and CPPD (B) groups. 

Corresponding indentation force maps (C, D) of the cut surface suggests that compared to 

normal (C), CPPD (D) samples have distinctly stiffer biomechanical properties. UTE T2* 

maps (E, F) suggest relatively lower values in the CPPD sample (F). Note that for the CPPD 

sample, the red zone is largely spared from CPP-deposits as visible on the gross image (B), 

and have relatively low indentation force (D), and relatively high UTE T2* value (F) than 

the white and red-white zones. On UTE MR images (G, H) with a TE of 0.05 ms, the 

meniscal tissue appears uniformly bright in normal sample (G), or bright with punctate dark 

CPP deposits in CPPD sample (H). These findings were confirmed in micro CT images, 

showing no CPP deposits in normal sample (I), and punctate bright deposits in CPPD 

sample (J).

Abbreviations: r = red zone; rw = red-white zone; w = white zone.
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Figure 3. 
Comparison of indentation force between Normal vs. CPPD-affected menisci in different 

zones. CPPD-affected menisci exhibited higher indentation force on the cut surface (A), 

femoral surface (B) and tibial surface (C) of the menisci than normal menisci. The higher 

values were found in the red-white and the white zone, but not in the red zone. This is 

consistent with the distribution of the CPP deposits, which were found mostly in the 

avascular red-white and white zones. Error bars represent standard deviation.
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Figure 4. 
Comparison of quantitative MR values between Normal vs. CPPD-affected menisci in 

different zones. CPPD-affected menisci had significantly lower ultrashort echo time (UTE) 

T2* values (A) in the avascular red-white and white zones (each p<0.01) but not in the red 

zone (p=0.8), which was mostly spared from the CPP deposits. In contrast, spin echo (SE) 

T2 values (B) showed a tendency towards slightly higher values in the three zones, but this 

did not reach a statistical significance (p=0.07 to 0.16).
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Figure 5. 
Correlation of quantitative MR with indentation force values. There was negative correlation 

between indentation force vs. ultrashort echo time (UTE) T2* values (A) for all samples and 

zones, particularly for the CPPD samples (circle). The indentation force vs. spin echo (SE) 

T2 values (B) showed no significant correlation. The trend lines represent linear trend for all 

data (normal and CPPD-affected samples combined, and three zones combines).
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Table 1.

MR scanning parameters for the whole cadaveric knee and the meniscus specimen scanning. Abbreviations: 

TR = repetition time; TE = echo time; FOV = field of view; BW = bandwidth; FA = flip angle; PDw = proton 

density weighted; UTE = ultrashort time-to-echo; SE = Spin-echo.

Sequence TR
(msec)

TE
(msec)

Acquisition
Matrix

Slice
(mm)

FOV
(cm)

BW
(±)

FA
(°)

Scan
time
(min)

Whole knee
Sagittal PDw 3900 35 448×224 2 14 36 142 5:36

3D Cones UTE 13 0.05, 4 320×320 1.7 14 125 10 4:43

Meniscus specimen

SE T2 map 1392 10-80
(8 TEs) 320×256 2 6 21 90 5:59

3D Cones UTE 13 0.05, 6 402×402 0.2 8 83 10 1:50

3D Cones UTE map 22 0.05, 4, 8, 12 384×384 2.5 8 83 13 1:39
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