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Abstract

Study Design—Cross-sectional.

Objective—To assess the distribution of the ultra-short time-to-echo (UTE) Disc Sign (UDS) and 

its association with disc degeneration, other MRI phenotypes, pain and disability profiles.

Summary of Background Data—Disc degeneration has been conventionally assessed by T2-

weighted (T2W) signal intensity on MRI; however, its clinical utility has been questionable. UTE 

MRI assesses short T2 components. The authors have identified a new imaging biomarker on UTE 

– the UDS.

Methods—108 subjects were recruited. T2W MRI assessed disc degeneration and other 

phenotypes, and T1-rho MRI values represented quantitative proteoglycan disc profiles of L1-S1. 

UDS was detected on UTE (i.e. hyper-/hypo-intense disc band). A UDS score (cumulative number 

of UDS levels) and T2W summated lumbar degenerated scores (cumulative disc degeneration 

score) were assessed. Subject demographics, chronic low back pain (LBP) and disability profiles 

(Oswestry Disability Index: ODI) were obtained.

Results—UDS was noted in 39.8% subjects, 61.4% occurred at the lower lumbar spine and 

39.5% had multi-level UDS. UDS subjects had significantly greater severity and extent of disc 

degeneration, and Modic changes (p<0.05). By disc levels, a higher prevalence of disc 

Correspondence: Dino Samartzis, Department of Orthopaedics & Traumatology, The University of Hong Kong, Professorial Block, 
5th Floor, 102 Pokfulam Road, Pokfulam, Hong Kong, SAR, China, Tel: (+852) 2255-4254, Fax: (+852) 2817-4392, 
dsamartzis@msn.com. 

HHS Public Access
Author manuscript
Spine (Phila Pa 1976). Author manuscript; available in PMC 2018 April 01.

Published in final edited form as:
Spine (Phila Pa 1976). 2018 April 01; 43(7): 503–511. doi:10.1097/BRS.0000000000002369.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



degeneration/displacememt, Modic changes and spondylolisthesis were noted in UDS discs than 

non-UDS discs (p<0.05). T1-rho values were also lower in UDS discs (p=0.022). The majority of 

UDS could not be detected on T2W. The UDS score significantly correlated with worse ODI 

scores (r=0.311; p=0.001), whereas T2W cumulative disc degeneration score did not (r=0.13; 

p=0.19). LBP subjects exhibited more multi-level UDS (p<0.015) but not on T2W MRI (p=0.53). 

The UDS score was significantly related to LBP (p=0.009), whereas T2W cumulative disc 

degeneration score was not (p=0.127).

Conclusions—This is the first study to report “UDS” in humans. UDS is a novel imaging 

biomarker that is highly associated with degenerative spine changes, chronic LBP and disability 

than conventional T2W MRI.
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INTRODUCTION

Low back pain (LBP) is the world’s most disabling condition.1 Such pain is associated with 

tremendous socioeconomic and health-care consequences.2–4 Although LBP is a 

multifactorial complex disorder, several studies have noted lumbar disc degeneration as a 

risk factor.5–9

Disc degeneration is histologically characterized as loss of water and proteoglycan content.
10,11,12 Traditionally, for over three decades, assessment of disc degeneration has been 

performed by T2-weighted (T2W) magnetic resonance imaging (MRI), which theoretically 

can detect water content (Figure 1A).3,6,13–18 A decrease in disc hydration has 

conventionally been regarded as a degenerative disc change (e.g. black disc). However, disc 

degeneration based on “conventional” T2W MRI has a questionable association with LBP.
14,19–21 This current imaging is not highly sensitive and reliable, and as such may not be 

useful to “predict” future LBP episodes secondary to disc degeneration.14,19–21 This may be 

attributed to the long T2 component, whereby subtle tissue changes are missed; thereby, 

rendering this imaging modality not ideal to identify clinically-relevant imaging changes to 

guide clinical decision-making.15,22 Such shortcomings may provide a rationale as to why it 

is common to find symptomatic individuals with seemingly normal (i.e. non-degenerated) 

discs and asymptomatic individuals with degenerative disc changes on conventional MRI.
20,21 This may account as to why proper diagnosis of LBP and identification of pain 

mechanisms are questionable, outcomes of LBP treatments are often tenuous and have been 

criticized, and prognostication potential of various pain and disability dimensions as well as 

management options have drawbacks.15,23–25 Thus, such limitations have led to increased 

health-care costs with often unsatisfactory patient outcomes.4 As such, identifying the 

source and natural history of the clinically relevant degenerative disc changes is imperative 

to help guide management and treatment options.

Due to the limitations with “conventional” T2W MRI in assessing the integrity of the lumbar 

discs and their clinical relevance, more sensitive imaging has been developed, such as T1-
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rho MRI, to best assess the biochemical constitution of the disc, which can quantitatively 

assess proteoglycan content.26,27 However, the clinical relevance of such imaging with pain 

remains inconclusive.

Ultra-short time-to-echo (UTE) MRI (Figure 1B) assesses MRI signal from short T2 

components that are not detected on conventional T2W MRI. This is accomplished by 

combining half duration radiofrequency excitation pulses and radial sampling of the signal 

to reduce the time-to-echo below 1ms.28 UTE MRI has been applied to image short-T2 

tissues, such as cortical bone, tendons and cartilage. Although the use of UTE to assess the 

disc endplate has gathered considerable attention recently,29,30 it has never been reported to 

assess disc changes and their clinical relevance. Utilizing UTE, our group has identified a 

new disc phenotype, which we have called the “UTE Disc Sign (UDS)” (Figure 1C). The 

UDS has been defined as a hyper- or hypo-intense band located within the disc (Figure 1C). 

As such, the following study reports for the first time the prevalence and distribution of the 

UDS in the lumbar spine, and its association with disc degeneration and associated MRI 

phenotypes (e.g. disc displacement, Modic changes) on T2W and T1-rho MRI in human 

subjects. In addition, we further assessed the association of the UDS with LBP and disability 

in comparison to conventional T2W MRI.

METHODS

Study Population

This was a cross-sectional study that consisted of 108 (n=540 discs) Southern Chinese 

volunteers (mean age: 52 years; 50% males), which were recruited from the Hong Kong 

Disc Degeneration Cohort (approximately 3,000 probands).5,7,8,22,31–37 This cohort was a 

population-based study whose subjects were consecutively enrolled over 15 years ago and 

were found to be representative of the Hong Kong population. Details of this cohort have 

been reported elsewhere.5,7,8,22,31–37 All subjects at baseline intake underwent T2W MRI 

evaluation, clinical profiling, blood assessment and environmental/lifestyle factors were also 

collected. Baseline imaging assessment was performed of all subjects to note the presence of 

various spinal phenotypes thoughout the whole spine. For the current study, following 

institutional review board approval, the subjects were recruited from this Hong Kong Disc 

Degeneration Cohort who at baseline imaging exhibited what were regarded at that time as 

endplate findings at any level. Subjects were randomly recruited from that pool of subjects, 

irrespective of demographics and the presence of pain, that exhibited such imaging 

phenotyping and were invited to be re-imaged via more novel imaging approaches (e.g. 

UTE, T1-rho MRI). As such, 108 subjects were invited to be re-imaged for this study. 

Available funding only allowed us to re-image 108 subjects. All subjects were consecutively 

enrolled and no subject who was asked to participate rejected. All subjects provided written 

informed consent to participate in the current study. Following, all 108 subjects were 

rescanned using T2W MRI, and also concurrently underwent UTE and T1-rho MRI 

scanning. At the same time of imaging, the clinical pain and disability profiles were assessed 

of each subject. For the analyses of the current study, none of the imaging phenotyping and 

clinical profile parameters of the subjects’ baseline data when they were initially recruited in 

the Hong Kong Disc Degeneration Cohort was used.
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MRI Parameters

All subjects underwent imaging of the lumbar spine (i.e. L1-S1) via a 3T MRI scanner 

(Achieva, Philips Healthcare, Best, The Netherlands). Sagittal T2W MRI was acquired using 

a standard spin-echo imaging sequence with the following parameters: field of view (FoV) 

=200mm, slide thickness=2.4mm, acquisition matrix=400×232, and time echo time/

repetition time (TE/TR)=120ms/2000ms. Sagittal T1-rho MRI were acquired using gradient-

echo sequence with fat suppression using the following parameters: echo/repetition time = 

2.3/4.7ms, flip angle = 30°, field-of-view =285×200mm2, slice thickness=10mm, acquisition 

matrix=385×270, and four spin-lock durations (TSL: 1, 25, 50, 75ms) with spin-lock 

amplitude corresponding to spin-lock frequency of 400 Hz. UTE MRI was acquired via the 

same 3T MRI scanner. A 3D UTE shifting TE phase-encoded stack of spirals trajectory was 

used. The UTE imaging parameters were as follows: FOV=200mm, TR=4.8ms, TE =140ms, 

and acquisition voxel size =0.5×0.5mm2.

MRI Assessment

The T2W MRI imaging analysis for lumbar intervertebral discs from L1/L2 to L5/S1 

(n=540) was carried out by 2 independent rators blinded to the clinical information. Disc 

degeneration scores were assessed based on Schneiderman et al18 grading system, which 

was as follows: Grade 0: normal, well hydrated hyperintense disc with normal disc space 

height; Grade 1: slight decrease in signal intensity in the nucleus pulposus; Grade 2: 

generalized hypointense nucleus pulposus (i.e. black disc) with disc space height 

maintained; Grade 3: generalized hypointense nucleus pulposus (i.e. black disc) with disc 

space narrowing. A cumulative disc degeneration score was obtained from a summation of 

individual discs scored from L1 to S1 via the Schneiderman et al18 method. The potential 

range of the cumulative disc degeneration score ranged from 0 to 15. The clinical relevance 

of this method has been illustrated in various reports to be related to LBP.8,9,31 Any subject 

having a score of 6 or greater was regarded as having moderate/severe lumbar disc 

degeneration.8,9,31 Disc displacement was noted as either a bulge, extrusion or sequestration.
38 Endplate irregularities/abnormalities/defects (e.g. Schmorl’s nodes) were noted if there 

was any deviation from the usual concavity of normal disc geometry as described by Mok et 
al35 and Samartzis et al.37 Modic changes were noted if there was any hyperintense/

hypointense subchondral bone marrow and endplate lesion.7,33 The overall presence of 

Modic changes was only noted since T1W MRI was not available. High intensity zones 

(HIZ) were noted if there was any hyperintense region noted throughout the disc material 

proper.16 The presence of spondylolisthesis was noted if there was any forward or backward 

translation of the any vertebral body in relation to the adjacent vertebral segment.39,40 

Previous reliability assessment of these MRI phenotypes by the investigators was noted as 

good to high inter- and intra-rator reliability (k>0.80).41

T1-rho values were calculated on a pixel-by-pixel basis by a linear regression of intensity 

data to an exponential decay function.42 Values were used to create 3-dimensional spatial 

maps of T1 rho using MATLAB (Mathworks, Cupertino, CA). Volume of interest of the disc 

was manually drawn by two independent investigators by MRICRON and the mean T1 rho 

value was computed within that region. Inter- and intra-rator reliability was also previously 
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reported for T1-rho assessment of the disc.27,42 T1-rho was utilized in the context of the 

current study to assess the quantitative proteoglycan changes at each disc.

UDS was detected on UTE MRI, which was defined as a hyper- or hypointense band across 

the disc (Figure 1C). Two different individuals that those that assessed the other spinal 

phenotypes independently assessed the UTE MRIs to identify the UDS. Inter- and intra-rator 

reliability was independently assessed with regards to UDS identification. A cumulative 

“UDS Score” was obtained based on the summation of UDS discs from L1/L2 to L5/S1, 

representing a potential score ranging from 0 to 5.

Clinical Assessment

Subject demographics were noted, such as age (years), gender, body height (meters) and 

weight (kilograms), and body mass index (BMI: kg/m2). Low back pain occurring every day 

(chronic) during the past year and Oswestry Disability Index (ODI) were obtained of all 

subjects.

Statistical Analyses

SPSS version 22 software (IBM, Chicago, IL) was utilized for all statistical analyses. 

Descriptive and frequency statistics were performed to assess the various data parameters. 

Mean, standard deviations (SD±) and ranges were obtained of applicable data points. Non-

parametric tests were used to assess continuous variables. Chi-square and Fisher’s Exact 

Test were utilized, where appropriate, to assess categorical data. For inter- and intra-rator 

reliability testing of the UDS, the strength was noted as follows based on kappa testing: 

excellent (k>0.90), good, (k>0.80), fair (k>70) and poor (k<0.60).43,44 A p-value of <0.05 

was considered as the threshold for statistical significance.

RESULTS

One hundred eight subjects were assessed (54 males, 54 females), with a mean age of 52 

years (range: 22–67, SD:7.7 years). The mean BMI was 24.6 kg/m2 (range: 18.13–39.5, SD:

3.5 kg/m2). Overall, 88 subjects (81.5%) had some form of lumbar disc degeneration and the 

mean cumulative disc degeneration score on T2W MRI was 7.6 (range: 2.0–12.0; SD:2.0). 

There were 91 subjects (84.2%) with disc displacement, 63 (58.3%) with HIZ, 85 (78.7%) 

with endplate abnormalities, 57 (52.8%) with Modic changes, and 6 (5.6%) with 

spondylolisthesis.

Intervertebral disc-specific

Excellent inter and intra-rator reliabilities were noted in the identification of the UDS 

phenotype (k=1.00). Out of 540 intervertebral lumbar disc segments, UDS was noted in 71 

segments (13.1%), whereas it was not noted in 470 segments (86.8%) (p<0.001). There was 

a higher prevalence of disc degeneration (p<0.001), disc bulges/extrusions (p<0.001), Modic 

changes (p<0.001) and spondylolisthesis (p=0.007) in UDS discs than non-UDS discs (Table 

1). Additional associations with other MRI phenotypes are noted in Table 1.
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Subject-specific

Based on overall subjects, the UDS was noted in 43 individuals (39.8%), whereas 65 

(60.2 %) did not have signs of this phenotype. Of all subjects exhibiting the UDS, 62.7% 

involved the lower lumbar levels from L3/L4 to L5/S1. Multi-level UDS was present in 

39.5% of the subjects. The mean cumulative UTE score in our current series was 0.6 (range: 

0–5; SD:1.02). Various anthropometric and environmental factors stratified according to the 

presence of UDS are illustrated in Table 2. No statistically significant difference was noted 

between the two groups with respect to any of these variables (p>0.05) except age which 

was significantly higher in individuals with UDS (p=0.001) and may be attributed to more 

disc changes as often seen as a function of age.

The associations of various MRI phenotypes to the presence of UDS are illustrated in Table 

3. Overall, 40 UDS subjects (93%) had moderate/severe form of lumbar disc degeneration 

compared to 47 non-UDS subjects (72.3%; p<0.01). Multi-level disc degeneration and 

Modic changes were more prevalent in UDS subjects compared to non-UDS individuals 

(83.7% vs. 56.9%; p=0.01 and 67.4 % vs. 43%; p=0.01, respectively). No other MRI lumbar 

phenotypes statistically differed between the groups (p>0.05). The mean cumulative disc 

degeneration score on T2W MRI from L1/L2 to L5/S1 was 8.5 (range: 5–12; SD:1.7) and 

7.0 (range: 2 to 10; SD:1.9) for UDS and non-UDS individuals, respectively (p<0.001) 

(Table 4). The mean cumulative T1-rho value was 63.5 (range: 43.3–122.4; SD: 14.8) and 

70.8 (range:47.5–128.6; SD:15.8) for UDS and non-UDS individuals (p=0.022), noting 

lower proteoglycan disc content in UDS subjects (Table 4). Approximately, 64.8% of UDS 

could not be detected on T2W MRI.

Clinical profile

Clinical profile was available for 102 subjects, 66 (64.7%) had no chronic LBP (Figure 

2AB). In individuals with chronic LBP (n=36, 35.2%), 52.7 % had no UDS, 16.6% had 

single-level UDS and 30.5% had multi-level UDS (i.e. ≥2 levels) (p=0.015) (Figure 3AB). In 

contrast, there were no (11.1%), single-(13.8%) and multi-level (75 %) disc degeneration 

findings on T2W MRI in relation to chronic LBP (p=0.53). Cumulative UDS Score was 

significantly associated with chronic LBP (p=0.009), whereas cumulative disc degeneration 

score on T2W MRI did not show any association with pain (p=0.127) (Table 5). In addition, 

cumulative UDS Score on UTE (r=0.311, p=0.001) was positively and significantly 

correlated to overall ODI score than cumulative disc degeneration score on conventional 

T2W MRI (r=0.134, p=0.19).

DISCUSSION

This study was the first in humans to report the novel observation of the “UTE disc sign” 

(UDS) of the lumbar spine. The UDS was found to have excellent inter- and intra-rator 

reliability. The UDS was noted in 39.8% of the subjects, mainly occurring in the lower 

lumbar spine (i.e. L3/L4 to L5/S1) and significantly associated with chronic LBP and 

disability in comparison to various degenerative phenotypes based on conventional T2W 

MRI. Moreover, quantitative proteoglycan profiling based on T1-rho MRI noted 

significantly less proteoglycan content, a hallmark of disc degeneration, among individuals 
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with UDS. In addition, the “UDS Score” was shown to be more clinically relevant than 

traditional disc degeneration scoring methods, increasing the likelihood of chronic LBP and 

being associated with disability. Furthermore, approximately 64.8% of UDS was not 

detected on T2W MRI, which implies that UDS is a separate imaging phenotype that 

warrants specific study.

Changes of the intervertebral disc can lead to discogenic (i.e. pain arising in the disc) and/or 

vertebrogenic (i.e. pain arising from the endplate/vertebra) LBP, and secondary changes at 

the motion segment (e.g. loss of disc hydration and height loss, osteophytes) that can affect 

biomechanics and can potentially lead to nerve root/spinal cord compression, and negatively 

affect spinal stability and function, which may necessitate treatment.45 Biological 

therapeutics (e.g. stem cells, growth factors) have been developed to help regenerate or halt 

degeneration of a disc.46 Also, being able to identify adjacent discs susceptible to 

degeneration/disease following a fusion or arthroplasty procedure is imperative. However, 

the limitations of conventional MRI, being not able to properly identify the clinically 

relevant and problematic disc, is a challenge, which may lead to undesirable outcomes.46 

Furthermore, previous methods to identify symptomatic discs (e.g. discography) have also 

fallen out of favor since such procedures may risk progressive disc degeneration47 and future 

pain development.48 Surgery and other conservative methods (e.g. medication, injections, 

physiotherapy) also exist but their outcomes are often tenuous, most likely because decision-

making has relied on conventional MRI.3,23 In response to this, novel imaging (e.g. T1-rho) 

has been developed that has aimed to provide a more sensitive snapshot of early disc 

changes as well as to identify “clinically relevant” disc alterations in hopes of identifying 

problematic discs to assist in patient selection and management.15,42,49,50 However, such 

imaging often has limitations as it can be very time consuming for a busy clinician, costly, 

and possess suboptimal reliability.15 As such, it is imperative to identify more user friendly, 

clinically relevant imaging that can shed light as to which discs are problematic (i.e. 

degenerated, painful) and have potential to “predict” the development and severity of LBP to 

assist in clinical decision-making, tailored treatment and improve patient outcomes.

Our study brings to the forefront an easily identifiable, simple, novel imaging biomarker – 

the UDS – that is not only associated with more degenerative disc findings but whereby the 

majority of subjects that possess this sign have LBP in comparison to conventional T2W 

MRI. Histologically, we do not understand what the UDS truly represents. We theorize it 

could represent disc re-arrangement/deformation, masked signs of inflammation, free-

floating cartilaginous endplate breaks that may be informative of endplate damage/pain 

generation, and/or a time imprint of key disc changes and active pain generation. However, 

currently, we do not know whether the UDS is a clinically relevant imaging sign that may 

contribute to future degenerative disc and spine changes, predict the development of future 

LBP and pain severity, and if it is a distinct entity or more commonly noted among 

individuals that seek medical consultation. Nonetheless, UTE MRI for the lumbar spine can 

be performed at any MRI center and the scanning time lasts less than 20 minutes.

As with any clinical study, our study has some inherent limitations. For one, our cross-

sectional study consists of 108 individuals, whereby larger-sized studies are naturally more 

preferable. However, our report presents the first to raise awareness of the UDS as a unique 
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imaging biomarker, which we hope would contribute to future platforms of research and 

prospective studies to determine predictive utility. In line with that, histological research 

platforms can also be designed and pursued to have a better understanding as to what the 

UDS and its subtypes truly represent. Although we defined UDS as both hyper- and hypo-

intense bands of the disc, larger studies in future can possess the sufficient power to further 

stratify the different types of UDS and further assess their clinical relevance. Furthermore, 

the generalizability of our findings to other ethnic groups has yet to be determined. 

However, we hope that our study would provide the foundation for further assessment in 

different populations and ethnic groups.

CONCLUSIONS

Our study is the first to report a novel, reliable and simple MRI biomarker, the UDS, found 

in humans to assess the intervertebral lumbar discs which may have immense clinical 

implications. The UDS was found to be related to degenerative spine changes, LBP and 

disability in comparison to the traditional T2W MRI grading schemes. The UDS may serve 

as a new imaging phenotype that may have potential implications in diagnostic, therapeutic 

and prognostic platforms in patients presenting with LBP or possibly be able to predict the 

development of pain. The UDS may also shed light upon the pathomechanism of disc 

changes; however, further study to determine its true role and representation must be 

addressed. Larger, prospective and multicenter studies are needed to further validate our 

findings, and assess the utility of the UDS on different clinical and research platforms.
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Figure 1. 
Sagittal magnetic resonance imaging (MRI) of the lumbar spine. (A) T2-weighted and (B) 
ultra-short time-to-echo (UTE) MRI of the same subject. Note, UTE does not demonstrate 

UTE Disc Sign (UDS) at any level. (C) UTE MRI of a different subject illustrating multi-

level hypointense (red arrow) and hyperintense UDS (asterisk).
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Figure 2. 
Sagittal magnetic resonance imaging (MRI) of the lumbar spine of a subject with no chronic 

low back pain. (A) T2-weighted MRI noting multi-level disc degeneration and Modic 

changes. (B) Ultra-short time-to-echo (UTE) MRI noting no UTE Disc Sign (UDS).
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Figure 3. 
Sagittal magnetic resonance imaging (MRI) of the lumbar spine of a subject with chronic 

low back pain and disability. (A) T2-weighted MRI noting multi-level disc degeneration and 

Modic changes. (B) Ultra-short time-to-echo (UTE) MRI noting multilevel UTE Disc Sign 

(UDS), noted by red arrows.
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Table 1

The association of the ultra-short time-to-echo disc sign (UDS) with various imaging phenotypes on magnetic 

resonance imaging (MRI).

Presence of UDS
(Intervertebral Disc-Specific)

MRI Variables No
(n = 469, 86.8%)

n (%)

Yes
(n=71, 13.2%)

n (%)

p-value

Disc degeneration 219 (46.6%) 60 (84.5%) < 0.001*

Disc displacement‡ 200 (42.6%) 59 (83.1%) <0.001*

High-intensity zones 118 (25.1%) 25 (35.2%) 0.08

Endplate abnormalities 147 (31.3%) 27 (38.0%) 0.22

Modic changes 67 (14.3%) 34 (47.8%) <0.001*

Spondylolisthesis 3 (0.63%) 4 (5.63%) 0.007*

Note, the analysis entails the assessment of 540 lumbar intervertebral discs representing 108 subjects.

‡
Subjects with disc bulge or extrusion

*
Denotes statistical significance (p<0.05)
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Table 2

The association of the ultra-short time-to-echo disc sign (UDS) with various anthropometric and 

environmental factors.

Presence of UDS
(Subject-Specific)

Variables No
(n = 65, 60.2%)

Yes
(n=43 39.8%)

p-value

Age (years)
mean (range,SD)

50.0 (22–67, 8.2) 55.02 (43–66, 5.8) 0.001*

Weight (kg)
mean (range,SD)

65.2 (43.0–98.6, 12.5) 67.3 (43.5–95.5, 13.3) 0.41

Height (cm)
mean (range,SD)

163.0 (144–181.0, 8.5) 163.9 (141–182.0, 10.7) 0.65

BMI (kg/m2)
mean (range, SD)

24.4 (18.1–39.5, 3.8) 24.8 (18.75–29.8, 2.9) 0.5

Smoking (Pack/year)
mean (range, SD)

3.0 (0–40, 8) 2.8 (0–30,7.8) 0.91

Sex (Males)
n (%)

31 (47.6%) 22 (51.1%) 0.58

Sports activity
n (%)

21 (32.3%) 12 (27.9%) 0.16

Note, the analysis represents 108 subjects.

SD: standard deviation, kg: kilograms, m: meters, BMI: body mass index, %: percentage
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Table 3

The association of the ultra-short time-to-echo disc sign (UDS) with various imaging phenotypes on magnetic 

resonance imaging (MRI).

Presence of UDS
(Subject-Specific)

MRI variables No
(n = 65, 60.2%)

n (%)

Yes
(n=43, 39.8%)

n (%)

p-value

Disc degeneration† 47 (72.3%) 40 (93.0%) 0.01*

Multi-level disc degeneration 37 (56.9%) 36 (83.7%) 0.01*

Disc displacement‡ 52 (80.0%) 40 (93.0%) 0.26

High-intensity zones 36 (55.3%) 27 (62.7%) 0.55

Endplate abnormalities 51 (78.4%) 33 (76.7%) 0.81

Modic changes 28 (43.0%) 29 (67.4%) 0.01*

Spondylolisthesis 2 (3.07%) 4 (9.3%) 0.21

Note, the analysis represents 108 subjects.

†
Subjects with a cumulative disc degeneration score from L1/2 to L5/S1 greater than 6.

‡
Subjects with disc bulge or extrusion

*
Denotes statistical significance (p<0.05)
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Table 4

The association of the ultra-short time-to-echo disc sign (UDS) with disc degeneration on traditional T2-

weighted and T1-rho magnetic resonance imaging (MRI).

Presence of UDS
(Subject-Specific)

MRI Variables No
(n = 65, 60.2%)

mean (range,SD)

Yes
(n=43, 39.8%)

mean (range,SD)

p-value

T2-weighted Disc
Degeneration Score†

7.0 (2–10, 1.9) 8.5 (5–12, 1.7) <0.001*

T1-rho Value (ms) 70.8 (47.5–128.6, 15.8) 63.5 (43.3–122.4, 14.8) 0.022*

Note, the analysis represents 108 subjects.

SD: standard deviation, m/s:

†
Cumulative score that represents summated individual disc scores from L1/2 to L5/S1.

*
Denotes statistical significance (p<0.05)
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Table 5

The association of the presence of chronic low back pain with cumulative ultra-short time-to-echo disc sign 

(UDS) score on UTE and the cumulative disc degeneration score on T2-weighted magnetic resonance imaging 

(MRI).

Presence of Chronic Low Back Pain

MRI Cumulative Scores No
(n = 66, 64.7%)

mean (range,SD)

Yes
(n=36, 35.2%)

mean (range,SD)

p-value

UDS Score 0.5 (0–3, 0.7) 1.05 (0–5, 1.4) 0.009*

T2-weighted Disc
Degeneration Score

7.5 (3–10, 1.8) 8.1 (4–12, 1.9) 0.12

Note, the analysis represents 102 subjects. Cumulative scores represent summated individual disc scores from L1/2 to L5/S1.

SD: standard deviation

*
Denotes statistical significance (p<0.05)
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