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INTRODUCTION: A healthy intervertebral disc (IVD) consists of two distinct structural regions, the central nucleus pulposus (NP) and the 
peripheral annulus fibrosus (AF). The proteoglycan and water content of the disc increases on progressing from the outer AF to the NP, while the 
collagen content decreases from the outer AF to the NP. The composition and organization of these regions governs the disc’s mechanical function 
and the most dramatic changes in IVD with ageing and degeneration are the altered biochemical composition and location of these structures. Mean 
T1ρ and T2 values of manually segmented central NP have been 
shown to be promising techniques for in vivo diagnosis for IVD 
degeneration1-3, but this is a highly subjective metric and no study 
till date has looked at the spatial variations of these parameters. Our 
goal is to use the quantitative T1ρ and T2 measurements for 
automatic segmentation of the NP and AF and characterize the 
regional variations within these structures to analyze its utility as a 
biomarker for early disease detection/progression. 
METHODS: 14 subjects with documented low back pain were 
scanned on a GE 3T scanner with an embedded posterior array 
GEM coil. Consent was obtained under an IRB approved protocol. 
Clinical spine protocol, consisting of T1-weighted and T2-weighted 
FSE sequences, was followed by a concatenated T1ρ/T2 sequence 
using a 3D segmented SPGR acquisition (MAPSS)4. Pfirrmann 
grading5 for each lumbar spine level was performed based on the 
clinical sequences. Quantitative analysis was performed on the 
MAPSS sequence. Four echoes each were acquired to generate the T1ρ map (TSL = 0, 10, 40, 80 ms, SL Freq = 300Hz) and T2 map (TE = 0, 12, 25, 
50ms) using a voxel-by-voxel two parameter mono-exponential fit. For the central slice, a semiautomatic region-growing algorithm was used to 
segment the 5 lumbar discs. NP and AF for each disc was separated with k-means clustering based on 3 parameters; position, T1ρ value, T2 value. 
Figure 1 illustrates the steps used for this quantitative analysis. Mean, standard deviation, variance of the two regions were then calculated separately, 
and compared with the Pfirrmann grade at each disc level, for a total of 70 discs. 

RESULTS: Figure 2 shows the distribution of T1ρ and T2 values in the 
NP and the AF as a function of Pfirrmann grade for all 70 discs analyzed 
in this study. The distribution of discs in this sample set is shown in the 
table. As can be seen from the plots, the T1ρ and T2 values follow 
similar trends within each region. Within the NP these values show a 
decreasing trend with increasing Pfirrmann grade. This is not seen in the 
AF. Mean T1ρ values in NP and mean T2 values in AF across all discs 
for each Pfirrmann grade are displayed in Fig. 3. We looked at the 
distribution of these parameters within each region, and the 
corresponding variances are also displayed in Fig. 3. Error bars show 
standard deviation within each grade. For both, NP T1ρ and AF T2, the 
mean variance is larger at lower grades (early degeneration) as compared 

to higher grades (established degeneration). Additionally, the change is variance between 
consecutive grades is more prominent at the lower grades, whereas it plateaus at higher grades. 
CONCLUSION: Mean T1ρ and T2 values of the NP correlate well with Pfirrmann grading for 
intervertebral discs, with lower values for increased degeneration. The variance in T1ρ distribution 
in NP is larger in discs with lower Pfirrmann grades than in those with higher grades, suggesting 
early unstable degeneration as opposed to the more stable established degeneration. The change is 
variance is also larger in the lower grades than the higher grades, suggesting saturation at higher 
grades. Similar trend is also seen in T2 variance in the AF. This is promising since we are 
predominantly interested in visualizing early degeneration, before gross morphological changes 
can be observed. Future work will extend this 2D technique to volumetric analysis. 
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Pfirrmann 
Grade 

Number of 
discs 

1 5 
2 17 
3 19 
4 7 
5 4 
6 6 
7 7 
8 5 

Total 70 

Figure 1: Steps for T1ρ and T2 based quantitative analysis of lumbar IVD using images 
acquired with MAPSS sequence. 

Figure 2: Distribution of T1ρ and T2 values in the 
NP and AF of IVDs 

Figure 3: Mean and variance of T1ρ values in NP 
and T2 values in AF as a function of Pfirrmann 
grade. Error bars show standard deviation. 

Proc. Intl. Soc. Mag. Reson. Med. 23 (2015)    0316.


