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ABSTRACT   
Despite low back pain (LBP) being the leading cause of global disability, identifying a specific pain-

generating structure remains difficult. Identifying pathoanatomic structures in LBP may help inform 

appropriate treatment, improve patient outcomes and reduce healthcare costs. Although structures like 

the intervertebral disc are thought to be pain producing, their clinical relevance in LBP remains uncertain. 

This may be partly due to the way changes to the intervertebral disc are measured on magnetic resonance 

imaging (MRI). The aim of this thesis is to identify and describe grading systems for lumbar disc 

degeneration (DD) and to assess whether different grading systems have stronger associations with 

clinical outcomes of LBP.  In Chapter 2 a scoping review was performed to identify and describe different 

grading systems for DD. A substantial number of grading systems were identified. There was also 

heterogeneity in the components used in the systems, and in the methods of synthesis across the studies. 

This variability likely hinders the ability to draw clear associations with LBP. In Chapter 3 a secondary 

analysis was performed that assessed the predictive validity of five different grading systems of DD to 

predict a recurrence of LBP, including new normalised measures. The normalised measures were used as 

they showed preliminary evidence in a previous study of being more valid than existing systems. No 

differences in predictive value were identified between the systems; however, the magnitude and 

direction of effect was influenced by the components used, normalisation and the way the grading system 

was summarised for analysis. Future research should explore how to standardise which grading systems 

are used to measure DD and the way grading systems are summarised for analysis as this likely influences 

the measured association. Normalised measures must be further tested in bigger cohorts to determine if 

they are more valid when measuring LBP outcomes.  

 

 

 

 

 

 

 

 

 

 

 



CHAPTER 1. INTRODUCTION 
1.1 OVERVIEW OF LOW BACK PAIN  

1.1.1 DEFINITION OF LOW BACK PAIN 

Low back pain (LBP) is defined as pain and discomfort located below the costal margin and above the 

inferior gluteal folds, with or without the presence of leg pain [1-3]. Traditionally, symptoms of LBP have 

been classified as either acute (pain lasting 6 weeks or less), subacute (pain between 6 to 12 weeks) or 

chronic (pain greater than 12 weeks) [1-3]. There is however, increasing evidence highlighting that LBP 

often fluctuates or is recurring over time [4-6]. Thus, the traditional classification of LBP symptomatology 

based on symptom duration has been challenged in some of the more recent LBP models [7]. Low back 

pain is now commonly considered as a life-long diagnosis (similar to asthma or gastro-oesophageal reflux 

disease) which is managed per episode, over time [8]. 

1.1.2 PREVALENCE OF LOW BACK PAIN 

Low back pain is the leading cause of global disability [9]. The lifetime prevalence of LBP is estimated to 

fall within a range of 38-80%, with point prevalence estimates ranging from 12-33% [9]. Higher prevalence 

rates have been identified in females, and in individuals in the 5th to 7th decades of life [10]. The prevalence 

of LBP seems to be higher in countries with a high gross domestic profit, with limited research suggesting 

any significant differences in the prevalence between rural and urban areas [10]. 

1.1.3 ECONOMIC BURDEN OF LOW BACK PAIN 

The total costs of LBP are substantial [3]. The financial burden of LBP is estimated to be more than 

AUD$4.8 billion per year in Australia [11]. Comparatively, the annual expenditure in the United States of 

America exceeds USD$100 billion for the management of patients with LBP [12]. A large proportion of 

these costs are indirect, namely, the costs associated with decreased productivity in the workplace and/or 

household resulting from LBP disability [13]. A systematic review of studies investigating the cost of LBP 

[14] identified a ratio of approximately six to one of indirect to direct costs. Indirect costs, whilst inherently 

hard to measure, are forecasted to increase to AUD$21.8 billion by 2030 [15]. Low back pain is associated 

with significant costs and therefore requires affirmative action to reduce its economic burden. 

1.1.4 PROGNOSIS/NATURAL COURSE OF LOW BACK PAIN 

The natural course of LBP is extremely variable lasting anywhere between a few days to several years [2, 

16-17]. A systematic review of studies investigating the prognosis of acute LBP identified that most 

episodes improve within six weeks, and are fully resolved by the twelfth week [5]. Alternatively, chronic 

LBP has less favourable outcomes compared to acute LBP [17]. A large inception cohort study investigating 

the course of LBP identified that nearly a third of patients did not recover from a presenting episode within 

12 months [18].  
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Through the study of LBP trajectories, we now know that some patients will recover quickly from an 

episode of LBP, some will have persistent pain and some will experience a reaggravation and recurrence 

of their symptoms [4, 5]. The reported yearly rate of recurrence varies between 25-82% and is dependent 

on the definitions of remission and recurrence [19, 20]. A Delphi study was conducted in 2011 to 

determine a consensus definition of a recurrence of LBP [21]. The agreed definition was “a return of LBP 

lasting at least 24 hours with a pain intensity of 3 or more on a 0-10 numeric pain rating scale” [21]. More 

recently some of the same authors have questioned if this threshold for recurrence is sufficient, arguing 

that a modified definition that also requires that the recurrence is, at the very least, accompanied by 

moderate impact on daily activities [22]. 

1.1.5 PROGNOSTIC FACTORS FOR THE DEVELOPMENT OF PERSISTENT OR RECURRENT LOW BACK PAIN 

Having an understanding of prognostic factors is essential when formulating a management plan for 

patients with LBP. A systematic review of prognostic factors for chronic LBP found that social and 

psychological factors, such as anxiety and stress, were most commonly associated with the persistence of 

LBP [23, 24]. Other factors that contributed to an increased risk of persistent LBP included back pain 

severity, associated leg pain, pain and disability duration, older age and lower socioeconomic status [25, 

26]. Whilst these prognostic factors are thought to be related, no single factor has been shown to be 

strongly predictive of LBP [27-29]. Studies have investigated predictors of recurrence, identifying two or 

more previous episodes to be the strongest known predictor of a recurrent episode of LBP [21, 22]. It is 

not currently known whether any other factors are predictive of recurrence. 

Most of the current research has investigated external prognostic factors (e.g., psychosocial factors) with 

conflicting evidence on whether morphological changes within the spine have an influence on LBP 

prognosis [30]. While morphological changes on magnetic resonance imaging (e.g., changes to the disc) 

are seen in symptomatic individuals, they are also seen in asymptomatic populations as well [30-33]. 

Therefore, the significance of morphological structures as prognostic factors may be important; however, 

accurately determining which structural changes are responsible for pain-generation in LBP remains 

challenging. 

1.1.6 DIAGNOSTIC TRIAGE OF LOW BACK PAIN 

Low back pain is commonly triaged into three categories: LBP due to serious spinal pathology, LBP with 

associated nerve root involvement or non-specific LBP [34, 35]. Most LBP (90-95%) is classified as 

nonspecific LBP, as a specific cause is unable to be identified [35]. In the remaining 5-10% of patients, the 

LBP can be attributed to an underlying cause such as lumbar nerve root involvement or in a minority of 

cases, serious pathology (e.g., fracture or neoplasm) [2, 25, 36]. There are a number of anatomical 

structures within the spine that could conceivably contribute to LBP presentations; however, many of 

these structures cannot be accurately and/or reliably visualised with modern imaging modalities. One 



structure commonly identified as a source of LBP is the intervertebral disc (IVD) [32, 37]. Although 

nerve endings found in the outer third of the disc are thought to be pain producing, their relationship to 

LBP remains poorly understood [38-40]. Further, sensitisation processes that may occur within the disc 

when neural structures project into the disc may also increase the potential for pain production [40].

1.2 THE INTERVERTEBRAL DISC AND DISC DEGENERATION ON MAGNETIC RESONANCE IMAGING 

1.2.1 THE INTERVERTEBRAL DISC   

The intervertebral disc is a cartilaginous structure interposed between the vertebral bodies [41, 42]. Its 

function is to provide mobility to the anterior vertebral column [41]. The disc complex is made up of two 

separate structures: a central nucleus pulposus and an outer annulus fibrosis [41-43]. The 

gelatinous nucleus is made of chondrocytes, while the circumferential annulus consists of 

collagenous rings of lamellae [41, 42]. Collagen fibres from the annulus extend into the adjacent 

structures, including the rim of the vertebral body, surrounding ligaments and the hyaline cartilage of 

the endplates [41, 42].  

A disc consists mostly of water, proteoglycans and a network of type II collagen fibres [43]. The 

hydrophilic nature of the proteoglycans allows for the IVD to act as a shock absorber, counteracting the 

compressive loads sustained by the spine [44]. Small numbers of both blood vessels and nerves are 

present in a disc, situated in the very outer portion of the annulus [41]. The remainder of the disc is 

aneural and avascular [45]. As the degenerative process of the disc begins, the health of the disc slowly 

deteriorates [41].  

Degenerative findings are also commonly reported to progress as a part of ageing, regardless of LBP. 

This therefore implies that some degenerative findings found on MRI may not indicate pathology, but 

normal ageing. Other changes that occur to the disc that may not be related to pathology is the normal 

dynamic variations the disc experiences throughout the day (e.g., diurnal variation) [41, 45].

1.2.2 DISC DEGENERATION AND LOW BACK PAIN 

Disc degeneration (DD) is described as a pathophysiological change to the structural elements of the disc 

(annulus fibrosis, nucleus pulposus and endplates) through trauma, genetics or normal ageing [41, 46]. 

The dehydration of the nucleus and subsequent disorganisation of the lamellae lead to a change in the 

distinctiveness between the boundaries of the annulus and nucleus [41, 47]. These changes eventually 

cause fissuring to occur [41, 43, 47]. Changes to the biochemical properties in the IVD cause a reduction 

in the height of the disc, usually towards the later stages of the degenerative process [48]. The 

pathophysiological changes that occur to the IVD during DD are similar to the changes seen in normal IVD 

ageing [49, 50]. For example, the extent of DD is strongly associated with a person’s age, regardless of 

whether that individual suffers from LBP [51]. However, DD is more common in individuals with LBP than 

without [32, 52]. This suggests that a proportion of the pain experienced by LBP sufferers could be 

attributed to DD, not just the normal ageing process. 
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The role of the IVD in LBP is controversial. Current prevalence estimates of the IVD as a source of pain 

are estimated to be roughly 39% [30]. A better understanding of the role of the IVD in the 

development of LBP (as a risk factor or a pain producing structure) may assist in developing targeted 

prevention strategies for those at higher risks of recurrence. Despite the lack of evidence for candidate 

aetiological factors, a drastic increase in the use of imaging modalities (such as magnetic resonance 

imaging) in patients with LBP has been identified [53]. 

1.2.3 THE DIAGNOSTIC VALUE OF MAGNETIC RESONANCE IMAGING FINDINGS FOR LOW BACK PAIN 

Magnetic resonance imaging (MRI) is one of the more frequently used imaging modalities for identifying 

changes to the IVD [54]. Degenerative disc changes that are reported on MRI are often considered to be 

nociceptive, and are commonly identified in patients with LBP [32, 55]. However, DD is also found in 

asymptomatic populations as well [31, 33]. A systematic review of the imaging features of spinal 

degeneration in asymptomatic populations [51] identified that DD was highly prevalent among 

asymptomatic individuals, and found in nearly 90% of individuals over 60 years of age. Comparatively, a 

systematic review investigating DD in adults with LBP found that DD was more prevalent in adults under 

50 years of age compared to asymptomatic controls [32]. The inconsistent findings of these reviews 

reiterate the need for more specific investigation in this area. One potential explanation for the variability 

seen between studies may be differences in the grading systems used to measure changes to the 

IVD on MRI. 

1.3 GRADING SYSTEMS FOR DISC DEGENERATION 

1.3.1 OVERVIEW OF GRADING SYSTEMS FOR DISC DEGENERATION 

Grading systems for DD are designed to quantify and categorise changes to the IVD on MRI. Given that 

DD may contribute to the development of LBP or may influence LBP recovery, valid and reliable grading 

systems are important to accurately measure the degree of DD. Grading systems that have a high 

sensitivity to change are also necessary to accurately assess conditions like DD, as progression is usually 

gradual over time. Grading systems that do not possess these qualities likely draw inaccurate conclusions 

when used to make associations with LBP. It is unclear which grading systems have been assessed 

for different measurement properties such as reliability, validity and sensitivity to change.  

As mentioned previously, it is unclear which grading systems have been assessed for different 

measurement properties. The most important measurement properties when assessing grading systems  

include  discriminative validity (the ability to distinguish between clinical and normal groups), predictive 

validity (the ability of a measure to predict a future event), reliability (the ability for a rater/s to 

repeatedly record the same result) and sensitivity to change (the responsiveness of the grading system 

to measure change over time) [56]. In this thesis, validity was defined as grading systems that were 

used to draw associations between different variables (such as other degeneration findings) or LBP, 

whether grading systems were compared to other systems, and how well grading systems predicted 

future episodes of LBP. 
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The validity, or clinical relevance, of a grading system may also be influenced by the method of 

analysis or the synthesis of the grading system. For example, variations in thresholds used to 

describe the presence or absence of DD, the spinal levels assessed and summary measures for 

analysis or reporting (e.g., worst level, average of all levels or sum of all levels) may change the 

information provided by the grading system, and potentially the strength of association between DD 

and LBP. It would be useful to identify the different methods of analysis and synthesis of grading 

systems that are currently being used and whether standardised methods are required. A number 

of grading systems for DD exist which use either subjective or quantitative assessment of different 

IVD changes to measure the severity of degeneration. Within each subjective and 

quantitative system, different grading components are used to measure DD changes on MRI. The most 

common measures to assess DD are disc signal intensity (DSI) and disc height (DH) [57]. Subjective 

grading systems use visual assessments of DSI and DH, and are usually categorised ordinally. 

Alternatively, quantitative grading systems measure DSI and DH on a continuous scale of brightness 

and distance respectively [58, 59].  

1.3.2 SUBJECTIVE MEASUREMENTS OF DISC DEGENERATION 

Subjective MRI-based grading systems are commonly used to measure DD in the lumbar spine. A 

spectrum of different disc changes are used within these subjective systems [60, 61]. The most visible 

changes to the IVD include alterations to DSI, narrowing of the DH and loss of the distinction between 

the boundary of the annulus fibrosis and nucleus pulposus [60, 61].  

Disc signal intensity on MRI is used to measure the water concentration within the disc [38, 59, 60, 61]. 

The assessment primarily relies on T2-weighted MRI sequences [62]. A grader, usually a radiologist, 

visually assesses DSI to determine the level of signal intensity [61, 63]. When visually assessing DSI several 

factors are considered by the radiologist as a reference standard, including the signal intensity of the 

surrounding structures like the cerebro-spinal fluid (CSF). A lower DSI is indicative of a more dehydrated 

disc and therefore more severe degeneration [61, 63].  

Disc height is another morphological feature used to measure DD [59]. The DH is directly assessed in 

subjective measures, usually with consideration of the surrounding discs to determine the relative 

severity of the DH loss [60, 61, 63, 64]. As DD progresses, the DH gradually reduces indicating more 

severe degeneration [48]. Disc height loss is more indicative of later stage DD [48]. 

The ability to visibly discern between the boundary of the nucleus and annulus of the IVD is also 

commonly used in subjective grading systems. The distinction refers to whether the nucleus and annulus 

are clearly visible and have distinct boundaries within the IVD [60, 61]. When grading for the distinction 

between the annulus and nucleus, subjective thresholds such as clear, unclear and lost may be used to 

visually describe the boundary [60, 61]. As the amount of DD increases, it becomes more difficult to 

distinguish between the two structures [60, 61]. 

5 
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The ability to visibly discern between the boundary of the nucleus and annulus of the IVD is also 

commonly used in subjective grading systems. The distinction refers to whether the nucleus and 

annulus are clearly visible and have distinct boundaries within the IVD [60, 61]. When grading for the 

distinction between the annulus and nucleus, subjective thresholds such as clear, unclear and lost 

may be used to visually describe the boundary [60, 61]. As the amount of DD increases, it becomes 

more difficult to distinguish between the two structures [60, 61]. Subjective grading systems are 

useful when grading for DD as they are able to assess for a number of different degenerative changes 

to the disc. When using a multitude of grading components, the system can encapsulate all of the 

different changes to the IVD throughout the degenerative process. Common subjective grading systems 

that use DSI, DH and the distinctiveness between the annulus and the nucleus are the Pfirrmann and 

modified Pfirrmann classifications [60, 61]. These standardised systems subjectively categorise DD on a 

scale from I (no degeneration) to V (severe degeneration) for the Pfirrmann, and 1 (no degeneration) to 8 

(severe degeneration) for the modified Pfirrmann [60, 61]. The Pfirrmann and modified Pfirrmann 

systems are widely used [56, 65]. The systems are described in Table 1.1 and Table 1.2. 

Table 1.1 The Pfirrmann system for disc degeneration [61]. 

Table 1.2 The modified Pfirrmann system for disc degeneration [60]. 

Grade Distinction of nucleus and 
annulus 

Signal intensity Height of intervertebral disc 

I Clear Hyperintense, isointense 
to cerebrospinal fluid 

Normal 

II Clear Hyperintense, isointense 
to cerebrospinal fluid 

Normal 

III Unclear Intermediate Normal to slightly decreased 

IV Lost Intermediate to 
hypointense 

Normal to moderately decreased 

V Lost Hypointense Collapsed disc space 

Grade Signal From nucleus and inner fibres of annulus Distinction between inner 
and outer fibres of 
annulus at posterior 
aspect of disc 

Height of disc 

1 Uniformly hyperintense, equal to CSF Distinct Normal 

2 Hyperintense (>presacral fat and <CSF) ± 
Hypointense intranuclear cleft 

Distinct Normal 

3 Hyperintense though < presacral fat Distinct Normal 

4 Mildly hyperintense (slightly>outer fibres of 
annulus) 

Indistinct Normal 

5 Hypointense (= outer fibres of annulus) Indistinct Normal 

6 Hypointense Indistinct <30% reduction 
in disc height 

7 Hypointense Indistinct 30%-60% 
reduction in 
disc height 

8 Hypointense Indistinct >60% reduction
in disc height
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1.3.3 LIMITATIONS OF SUBJECTIVE GRADING OF DISC DEGENERATION 

Subjective grading systems have limitations, primarily due to their insufficient discriminatory capacity and 

lack of sensitivity to change. The obvious limitation of subjectively designed systems is the inability to 

measure the continuous nature of DD on an ordinal scale [66]. There are no objective criteria to precisely 

distinguish the distance or difference between each category of degeneration, and therefore no grading 

system can reliably determine exactly which grade a disc should be categorised within [66].  

Subjective systems are also limited by poor inter-rater reliability [63, 67]. As the systems require a 

radiologist to report DD findings, factors such as the radiologists’ experience can also bias the grading 

process [64]. For example, the intra-rater reliability of subjective reports of MRI findings of the lumbar 

spine were found to be moderate (𝜅𝜅 = 0.50-0.74 and 𝜅𝜅 = 0.69-0.80) compared to the reports of inter-rater 

reliability which were significantly worse (𝜅𝜅 = 0.43-0.66, 𝜅𝜅 = 0.57-0.67, and 𝜅𝜅 = 0.24) [67-69]. To combat 

this, more standardised systems like the Pfirrmann classification are used to assist radiologists in 

minimising the amount of disagreement between different graders.  

While subjective systems like the Pfirrmann are more reliable, they are limited by poor sensitivity to 

change [60, 61]. Namely, the Pfirrmann classification was shown to be non-discriminatory when assessing 

DD at higher grades in older populations [60, 61]. Additional grades were added to the classification, 

resulting in the creation of the modified Pfirrmann system, to discriminate between more severe 

degenerative changes in the later stages of DD [60, 61, 70]. While the modified Pfirrmann classification 

has higher sensitivity to change, the additional grades further reduce inter-rater reliability [60, 61, 66]. 

For example, the inter-rater reliability of the modified Pfirrmann was found to be (𝜅𝜅 = 0.65-0.67) 

compared to the Pfirrmann (𝜅𝜅 = 0.74-0.81) [60, 61, 68]. A balance exists between the complexity of the 

system, and its ease of applicability. Thus, the challenge of subjective grading systems is balancing the 

complexity of the system with its reliability and efficiency. 

1.3.4 QUANTITATIVE MEASUREMENTS OF DISC DEGENERATION 

Unlike subjective measurements of DD, quantitative grading systems represent a more reliable measure 

of DD, as they can be used to measure changes to the IVD more objectively [58, 71-73]. This is achieved 

by using measurements of DSI and DH directly from the MRI image [58, 70, 74]. The reliability of measuring 

DSI and DH quantitatively is considered to be excellent for both intra- and inter-rater reliability (ICC = 0.95-

0.99 and ICC = 0.85-0.99) [75-78].  

Disc signal intensity is quantitatively assessed using a pixel-based analysis method, whereby a region of 

interest (ROI) is drawn around the nucleus pulposus and annulus fibrosis, allowing for the measurement 

of DSI within a particular region of the disc [59]. Different DICOM-viewing programs employ measuring 

tools which automatically measure the water concentration of the disc within the ROI. The minimum, 
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maximum and mean signal intensity measurements are recorded which provide a quantitative 

assessment of disc brightness [58, 74].  

Disc height is geometrically measured on MRI to produce a quantitative measure of changes to the disc 

morphology. Software tools are used to measure the height of the disc using a multitude of different 

methods [44, 59, 74]. Common methods of calculating the DH include directly measuring the anterior, 

middle and posterior height between adjacent vertebrae and calculating the average, or using a 

measurement of the midsagittal disc area and dividing it by the diameter [60, 79, 80].   

1.3.5 LIMITATIONS OF QUANTITATIVE GRADING OF DISC DEGENERATION  

Although quantitative grading systems improve upon some of the limitations of subjective grading 

systems, they also present limitations when measuring DD. The main limitation of quantitative grading 

systems is that they fail to account for inter-patient variability. Inter-patient variations in DSI and DH arise 

from both intrinsic and extrinsic factors, which may impact the clinical value of DSI and DH measurements 

when drawing comparisons between patients. For example, variability in DSI may be caused by 

inhomogeneities within the magnetic field or the MRI protocol (extrinsic factors) which change the signal 

intensity, despite the water concentration within the disc being the same as another individual [58, 80]. 

When quantitatively measuring DH, factors such as different heights between individuals (intrinsic 

factors) may account for different disc heights. For example, on average, individuals with a greater 

standing height also have a greater DH. The relative change in an individual’s DH who has a shorter 

standing height may be due to intrinsic factors, rather than due to degeneration. 

Grading systems for DD can also be impacted upon by other intrinsic factors including age [81]. Changes 

that occur during DD are not dissimilar to changes seen with normal ageing. Thus, a similar DSI measure 

in a 35 year-old may indicate more severe DD compared to the same change in a 70 year-old, where some 

level of DD would normally be expected. A range of other different intrinsic factors may also be important 

when measuring changes to the IVD quantitatively. If quantitative measures of DSI and DH lack the ability 

to consider different factors when measuring the degenerative process, these measures may not 

adequately measure DD in a way that is clinically relevant. Therefore, quantitative measurements of DSI 

and DH may be limited by added noise (extrinsic and intrinsic factors) which may limit the clinical 

relevance of the measures. 

1.3.5 NORMALISED QUANTITATIVE MEASURES  

Normalised quantitative measures (Z-scores) are used to overcome some of the limitations of using 

quantitative systems by drawing comparisons between quantitative measurements and different 

individuals. The use of a normalised quantitative measure in clinical contexts allows practitioners to make 

meaningful comparisons by accounting for specific factors that may be related to the condition being 
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measured. Using osteoporosis as an example, bone density scores are normalised so that they can be 

compared across patients with different intrinsic characteristics (e.g., sex and age) [82]. The Z-score is 

used to age-match individuals of the same sex for a more meaningful score [82]. The T-score is used to 

rate the relative risk of osteoporotic fracture in sex-matched bone density scores [82]. The scores are 

therefore easy to understand and clinically relevant for both the clinician and patient.  

1.3.6 CURRENT NORMALISATION OF INTRINSIC AND EXTRINSIC FACTORS OF DISC DEGENERATION 

Normalisation formulas have been used for certain intrinsic and extrinsic factors of DD to facilitate more 

consistency when comparing between individuals using quantitative grading systems. Different extrinsic 

factors are sometimes normalised when quantitatively grading DD on MRI. For example, formulas are 

used to adjust for imaging variability between different MRI procedures (e.g., adjusting DSI for CSF signal 

intensity) [74, 83]. Due to the high-water content of CSF, and its consistency throughout the course of life, 

it is commonly used to adjust DSI to account for variability in the magnetic field or MRI protocol. Similarly, 

in patients with different standing heights, some grading systems have used a DH index measure to adjust 

the image for differences in the individual’s standing height to account for the variability between 

different patients [60, 83].  

A very limited number of studies have identified factors that are associated with raw quantitative 

measurements of DSI and DH. Within the current literature, age is one of the more common intrinsic 

factors used to make comparisons with DSI. A strong association has been pre-determined when 

comparing age to DSI, but variability is seen in studies measuring the association between age and DH. 

Other intrinsic factors that show significant associations with DSI and DH include disc level and BMI, 

while sex tends to only show a relationship with DH.

While some grading systems have used normalisation formulas to adjust for certain intrinsic (standing 

height) and extrinsic factors (imaging variability), no grading systems have systematically adjusted DSI 

and DH for additional factors such as age, vertebral height and vertebral level. In a study by King et al 

[81], a normalisation process was developed to normalise DSI and DH for a range of intrinsic factors 

in the quantitative assessment of DD. It was found that normalised quantitative measures markedly 

changed where an individual is placed within the degeneration distribution, indicating that normalised 

measure are clearly different and may be more relevant clinically [81]. Consequently, if the measured 

severity of DD is impacted by the normalisation process, subsequent assessment of the association 

between DD and LBP may change. Determining whether normalised quantitative grading systems are 

more valid may result in a more relevant assessment of associations with LBP.  

Chapter 3 will address this issue by assessing the predictive validity of 

normalised measures compared to other common subjective and quantitative 

grading systems for DD to determine whether normalised measures are more 

predictive of LBP. 
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1.4 THESIS RATIONALE 

The underlying cause of LBP is still unknown, despite the overwhelming clinical, epidemiological and 

socioeconomic burden of the condition. Disc degeneration has been identified as a potential factor in LBP; 

however, its role is still unclear due to varying results in studies investigating associations with LBP 

outcomes. Some of the ambiguity in our understanding of the association between LBP outcomes and DD 

may be explained by the different grading systems that are used to measure DD on MRI and the variability 

in the way in which they are analysed. If the most common grading systems, their methods of analysis    

and their measurement properties could be identified and described, this may determine if there is a need 

to standardise grading systems for measuring DD in the lumbar spine. 

The grading systems that are currently used to grade DD suffer from fundamental limitations which may 

impact their clinical relevance when measuring associations with LBP outcomes. Grading systems that are 

reliable, but also clinically relevant (valid) are essential for clinicians that treat patients with LBP. How well 

a grading system predicts LBP, identifies favourable responses to treatment and distinguishes between 

patients with and without LBP are all clinically relevant outcomes. Testing whether different grading 

systems have stronger associations with LBP outcomes may assist in better understanding the role DD 

has in LBP. 

1.5 THESIS AIMS 

This thesis aims to identify and describe MRI-based grading systems for lumbar DD and assess whether 

normalised quantitative systems have stronger associations with clinical outcomes of LBP compared to 

common subjective and quantitative grading systems.  

Specifically, the thesis aims to 

i. Perform a scoping review of the current literature to describe different MRI-based grading

systems for DD in the lumbar spine and report whether measurement properties such as

reliability, validity and sensitivity to change have been assessed and reported.

ii. Perform a secondary analysis to assess the predictive validity of five MRI-based grading systems

of DD in the lumbar spine in predicting a recurrent episode of LBP in a cohort of participants who

recently recovered from an episode of acute low LBP.
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CHAPTER 2. MRI-BASED GRADING SYSTEMS FOR ASSESSING LUMBAR DISC 

DEGENERATION: A SCOPING REVIEW  

2.1 PREFACE 

In Chapter 1 it was shown that different subjective and quantitative grading systems exist for measuring 

DD on MRI in the lumbar spine. However, the variety of grading systems currently in use, the ways in 

which these systems are summarised and the different methods used to synthesise them for analysis is 

currently unknown. It is also unknown whether grading systems for DD have been assessed for 

measurement properties such as reliability, validity and sensitivity to change. To assess the lack of 

information regarding the way grading systems are analysed and whether measurement properties have 

been assessed, it is necessary to investigate the most common grading systems and the ways in which 

they are used. Chapter 2 presents a scoping review to map the different MRI-based grading systems for 

DD in the lumbar spine, with an emphasis on how each grading system is summarised for analysis, if 

measurement properties have been assessed for each grading system and whether associations have 

been made between DD and clinical variables such as current and future LBP.  

The study presented in Chapter 2 has been submitted for publication to The Spine Journal as: 

Esposito D, Brown BT, Hancock M, King S, Searant I, Jenkins H. MRI-based grading systems for assessing 

lumbar disc degeneration: A scoping review.  

The study is presented in the format of the submitted manuscript. 

No ethics approval was required for this study. 
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2.4 ABSTRACT

Background Context: An array of different magnetic resonance imaging (MRI) based grading systems are 

used to measure disc degeneration (DD) in the lumbar spine. It is currently unclear which grading systems 

are most commonly used to assess lumbar DD and how these grading systems are applied and reported. 

It is also unclear if the measurement properties of each grading system have been assessed. 

Purpose: The aim of this scoping review was to describe different MRI-based grading systems for DD in 

the lumbar spine and report which grading systems have been assessed for measurement properties such 

as reliability, validity and sensitivity to change. 

Study Design/Setting: Scoping review. 

Methods: A search was conducted in EMBASE, Medline and CINAHL for studies related to MRI-based 

grading systems for DD in the lumbar spine, conducted in living humans. Data was extracted from each 

study including the description of the grading system, which levels of the lumbar spine were graded, who 

graded the degeneration, how the degeneration was summarized for analysis and whether measurement 

properties such as reliability, validity and sensitivity to change were assessed.  

Results: The search identified 569 studies that graded DD. Ninety-three different grading systems were 

identified, including 63 subjective systems, 25 quantitative systems and five that were unspecified. The 

Pfirrmann method was used in over 50% of all reports. A range of grading components were used to 

measure DD, with disc signal intensity (DSI), disc height (DH) and the assessment of the distinctiveness 

between the annulus and nucleus being most common. Of the grading systems, over 60% were assessed 

for reliability. The majority of subjective systems and minority of quantitative systems had been assessed 

for their association with other variables such as LBP. Sensitivity to change was rarely assessed. 

Conclusion: A large number of DD grading systems were identified in this review, many of which were 

infrequently used. There was substantial heterogeneity in the components used in the grading systems, 

and in the methods of synthesis. This variability in analysis and synthesis may impact upon estimates of 

association between MRI findings of disc degeneration and LBP. 

Keywords: “Magnetic resonance imaging”, “MRI”, “Degenerative disc disease”, “lumbar”, “low 

back pain”, “intervertebral disc” 
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2.5 INTRODUCTION

Low back pain (LBP) is a leading cause of global disability [1] with an average lifetime prevalence of 

between 38-80% [2]. Despite this significant burden, limited progress has been made with regard to 

effective management of LBP [3,4]. This may be partly due to the inherent difficulty in identifying specific 

pain generating structure/s, that could serve as a target for treatment [5]. Morphological changes in the 

lumbar spine are commonly identified on magnetic resonance imaging (MRI) in patients with LBP [5]. 

However, these same morphological changes are often observed in asymptomatic populations [6,7]. 

Therefore, the clinical importance of morphological changes observed on MRI in patients with LBP 

remains unclear. 

Disc degeneration (DD) is an example of a morphological change that can be identified on MRI that may 

be associated with LBP. DD is an umbrella term used to represent a range of intervertebral disc changes, 

which most commonly includes narrowing of the intervertebral disc space and alterations in disc signal 

intensity (DSI) [8]. Other changes can include displacement of discal material, tearing of the annulus 

fibrosis, end-plate changes and osteophytic formation [9]. The clinical relevance of DD for LBP patients is 

currently uncertain [8]. This may be, in part, due to how changes to the intervertebral disc are measured 

on MRI [8]. 

Many different grading systems are used to measure DD in the lumbar spine. These are commonly ordinal-

based scales that employ a subjective assessment of different MRI findings to determine the degree of 

DD. One example is the Pfirrmann method, where DD is subjectively categorized on a five-point scale from 

I (no degeneration) through to V (severe degeneration) [10,11]. Despite their widespread use and ease of 

application, subjective grading systems have fundamental limitations; namely, relatively poor inter-rater 

reliability and sensitivity to change [12,13].  Furthermore, there are obvious shortcomings associated with 

measuring a continuous process (such as DD) on an ordinal scale, as there are no objective criteria to 

distinguish the distance/difference between each respective category [14].

Quantitative grading systems on the other hand measure changes to the intervertebral disc more 

objectively. Most quantitative grading systems measure DSI and/or disc height (DH) to assess DD [9, 15-

17]. Although these methods provide a reliable measure of DSI and DH, it is unclear whether these 

measurements reflect the true severity of DD. For example, measurements of DSI and DH can be impacted 

by diurnal variation, vertebral level, patient age and height, which may limit their usefulness as measures 

of between-person severity. Consequently, the variability of factors unrelated to DD on DSI and DH may 

influence the grading system’s ability to measure the true underlying degenerative process. The accuracy 

and clinical utility of any quantitative measure of DSI and DH may be skewed if these patient-specific 

factors are not taken into consideration. 

24 



Many different grading systems exist that use either subjective or quantitative measurements of DD, with 

many different variations and modifications. It is currently unclear which grading systems are used to 

assess lumbar DD and how the grading system is summarized, reported and coded for analysis (each level 

individually, sum of all levels, worst level, average level, continuous/ordinal/dichotomous). A 

comprehensive charting of DD grading systems and the method of synthesis used is yet to be presented 

within the literature.

The aim of this review is to describe different MRI-based grading systems for DD in the lumbar spine. This 

manuscript will focus on how each grading system was summarized for analysis, if measurement 

properties have been assessed for each grading system and whether associations have been made 

between DD and clinical variables such as current and future LBP, and sensitivity to change. 

2.6 METHODS

Search strategy 

This scoping review was conducted in accordance with recommendations outlined by the Joanna Briggs 

Institute (JBI) [18] and reported in accordance with the PRISMA-ScR (Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses) guidelines for systematic reviews [19]. The protocol for this 

scoping review has been published on the Open Science Framework (OSF) [20]. 

An electronic database search was conducted in EMBASE, Medline and CINAHL from inception to April 5, 

2023, for studies relating to MRI-based grading systems for DD in the lumbar spine. The search strategy 

was developed in conjunction with a faculty librarian at Macquarie University and adapted for each 

database (Appendix 1.). Backward citation tracking was used to identify studies that described a grading 

system that had been identified in the primary search. 

Inclusion and exclusion criteria 

To be included, studies needed to have used a grading system to assess lumbar spine DD on MRI in living 

humans. For the purposes of this scoping review, a grading system was defined as any subjective or 

quantitative system that described the presence or absence of disc degeneration or the degree/extent of 

DD. A subjective grading system was defined as any system that reported on visible intervertebral disc 

changes that could indicate DD. A quantitative grading system was defined as any system that objectively 

measured MRI-based components/features of the intervertebral disc on a continuous scale. A number of 

specialized quantitative MRI techniques and sequences were categorized together and defined as grading 

systems that measured the water content and tissue composition within the disc using specific sequences 

such as T2 mapping. Studies were only included if the authors explicitly stated they were using a grading 

system to measure DD. This decision was made due to inconsistency/uncertainty in the literature 

regarding whether certain discal changes (e.g., disc herniation) directly reflected the presence or extent
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of DD. Studies were excluded if they were unable to be retrieved or translated. We also excluded reviews, 

and studies that were not peer-reviewed. Conference abstracts were excluded as they did not typically 

provide a sufficient description of the grading system.  

One author (D.E) screened titles in EndNote [21] and removed duplicates and any overtly ineligible 

citations. The title, abstract and full text screening were performed by two authors independently. 

Abstracts were screened in Endnote [21] and full studies were screened in Covidence [22]. Any 

disagreements at the title, abstract and full text screening were discussed between authors. A third author 

was consulted if a consensus regarding an article’s eligibility could not be achieved. 

Data extraction 

The data extraction tool was adapted from JBI recommendations [19]. One author (D.E) completed the 

extraction in Covidence [22], with 10% of the extraction conducted by a second author. This 10% was 

then assessed by the other authors (H.Z, B.B, I.S, S.K and M.H) to check the accuracy of extraction. We 

extracted the following data from each study including the: year of publication; the country 

in which the study was conducted in; study setting; and population characteristics. For 

each grading system we extracted: (1) the name and description of the grading system; (2) how 

the MRI was performed (supine or weight-bearing); (3) which levels of the lumbar spine were 

graded; (4) who graded the degeneration; (5) how the disc degeneration was summarized (worst 

level, each disc level collected and analyzed, sum of all levels, average of all levels); and (6) 

how the grading system was reported (continuous, ordinal, collected as ordinal but analyzed as 

dichotomous, collected and analyzed as dichotomous). Finally, we extracted details 

regarding whether assessment of measurement properties such as reliability (intra-rater, 

inter-rater), validity (comparison with another grading system, measured association between DD 

and other variables, including current and future LBP) and sensitivity to change (reporting a change 

score of the grading system over time) were performed (yes/no).

Data synthesis 

The extracted results were exported from Covidence [22] to Excel [23] for data cleaning and synthesis. 

Descriptive statistics (frequency counts and proportions) were calculated for the year of publication and 

key sample characteristics including age, location, sample population and setting. The total number of 

annual publications was calculated for 1986-2022, to ensure a full year of data in the most recent year. 

The year of publications and key sample characteristics were plotted using a cumulative frequency curve 

and histogram respectively. The extracted studies were categorized as either a subjective or quantitative 

grading system. Descriptive statistics (proportions) were calculated for how the grading systems were 

used/reported (method of synthesis) in different studies, including the proportion of studies that: used 

different graders of DD (radiologists, surgeons or not specified); assessed different levels of the lumbar 

spine (the entire spine, singular levels or other); and reported/summarized the grading system differently 
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(each level individually, worst level, sum of all levels, average across all levels or not specified). The 

proportion of studies that assessed one or more of the specified measurement properties were also 

calculated. The results were tabulated into the categories as listed above, and a summary was created for 

each grading system. 

2.7 RESULTS

Included studies 

A total of 8070 studies were identified from the literature search, with 569 studies included after full-text 

screening (Fig.1). The main reasons for full-text exclusion were that a study was only available in 

conference abstract form (n=89), or that the study did not grade the severity/presence or absence of disc 

degeneration using a grading system (n=37). Three studies were identified from backwards citation 

tracking. See Appendix 2. for a complete list of all 569 included studies.  

The majority of studies were published after 2010 (443/569, 77.9%) (Fig.2). Studies commonly included 

adults (419/569, 73.6%) from LBP populations (261/569, 46%) (Fig.3), while the study setting was not 

clearly reported in 31.3% (178/569) of studies. The studies took place in a variety of different countries 

including Finland, Japan and the United States of America; however, the most commonly reported study 

location was China (118/569, 20.7%). 

Description of grading systems: 

In total, there were 668 reports of grading system use across the 569 studies, as multiple grading systems 

could be reported within a single study. Ninety-three different grading systems were identified. Of these, 

63/93 (67.7%) were classified as subjective grading systems and 25/93 (26.9%) were quantitative. The 

remaining 5/93 (5.4%) grading systems were categorized as ‘unspecified’ as the systems lacked a clear 

classification or description.  

Subjective grading systems were used more frequently than quantitative systems (556/668, 83.2% versus, 

112/668, 16.8%). The most widely used subjective grading system was the Pfirrmann method [10] 

(370/668, 55.4%), followed by the Modified Pfirrmann method [11] (42/668, 6.3%) and the Schneiderman 

classification [24] (30/668, 4.5%). Many of the identified grading systems (60/93, 64.5%) were only 

reported in single studies. A number of specialized quantitative MRI techniques and sequencing 

approaches were categorized together and made up 10.8% (72/668) of the reports of grading system use. 

See Appendix 3 & 4. for descriptions of all 93 grading systems. 

The components within each grading system that were used to assess for DD varied considerably (Table 

1). The most common components used across all grading systems to measure DD were DSI and DH; 

however, DH was rarely used as a stand-alone component (seven grading systems used in 1.0% (7/668) 
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of reports of all grading systems). In the reports of subjective grading systems (n=556), combinations of 

DSI, DH, structural changes to the disc and the distinction between the boundary between the annulus 

fibrosis and nucleus pulposus (e.g., Pfirrmann, Modified Pfirrmann) were most commonly used. These 

features were used in nine grading systems, accounting for 77.5% (431/556) of such reports. Another 

fourteen grading systems, used within 5.9% (33/556) of reports, used subjective assessment of additional 

grading components such as endplate changes, Modic changes and high intensity zones (HIZ) as part of 

the assessment of DD.  

In the reports of use of quantitative grading systems (n=112), specialized quantitative MRI techniques and 

sequences (e.g., T2 mapping, T1 relaxation) were most commonly used (72/112, 64.3%). Ten grading 

systems, in 17.9% (20/112) of reports of quantitative grading systems utilized measurements of DSI to 

grade DD, and six grading systems, in 8.9% (10/112) of reports of quantitative grading systems used a 

combination of quantitative DSI, DH and disc bulging.  

Methods used to assess and report the degree of disc degeneration  

The methods of synthesis used to report DD grading are presented in Table 1. Radiologists most commonly 

performed the assessment of DD (273/668, 40.9% across all reports and 236/556, 42.4% for subjective 

grading systems). However, for the reports of use of quantitative grading systems, the grader was mostly 

unspecified (61/112, 54.5%). Disc degeneration was usually assessed across all lumbar spine levels 

(364/668, 54.5%) for both subjective and quantitative grading systems. 

A number of different methods were used to synthesize the DD findings for analysis. The grading systems 

were commonly analyzed at each individual level (409/668, 61.2%) regardless of the type of grading 

system used. For subjective grading systems, results across multiple levels were sometimes synthesized 

as the sum of all the levels (80/556, 14.4%) or as the worst score at any level (34/556, 6.1%). It was 

uncommon for quantitative grading systems to analyze DD using the worst level (3/112, 2.7%), sum of all 

levels (4/112, 3.6%) or average across all levels (7/112, 6.3%). Of the 183 reports of grading systems using 

dichotomous summary measures, almost all used a subjective grading system (179/183, 97.8%) and 

collected the data at an ordinal level before transforming it into a dichotomous variable at each level 

(153/183, 83.6%). See Appendix 5. for more detail.  

Assessment of the measurement properties of the grading systems  

The measurement properties that were assessed for the various MRI-based grading systems are 

presented in Table 2. Intra-rater (204/668, 30.5%) and inter-rater reliability (232/668, 34.7%) were 

commonly reported across both subjective and quantitative grading systems. Of the 93 grading systems 



identified, 33.3% (31/93) had not been assessed for any type of reliability. Sensitivity to change was rarely 

reported for subjective (61/556, 11.0%) or quantitative grading systems (11/112, 9.8%).  

Validity was the most commonly reported measurement property assessed. In subjective grading systems, 

just under half (257/556, 46.2%) reported associations between DD and other variables including other 

imaging findings (e.g., degenerative spondylolisthesis, adolescent scoliosis and Modic changes) and 

patient level data (e.g., age, occupation and genetic factors). While it was less common for quantitative 

grading systems to measure associations with other variables (38/112, 33.9%), reports of quantitative 

grading systems were more commonly assessed for validity using a comparative evaluation with another 

grading system at a single disc level (69/112, 61.6%). The association between LBP and DD was 

investigated in 16.8% (112/668) of the reports of grading system use. More specifically, 83/668 (12.4%) 

of reports investigated the association between DD and current LBP, and 29/668 (4.3%) with future LBP. 

Subjective grading systems were more commonly used to investigate associations between DD and LBP 

when compared with quantitative grading systems. See Appendix 6. for more detail.  

2.8 DISCUSSION

Key Findings 

This scoping review comprehensively charted the MRI-based grading systems that measure lumbar DD. 

We identified 569 studies that reported using MRI-based grading systems to assess for DD. Ninety-three 

different grading systems were identified, including 63 subjective systems, 25 quantitative systems and 

five that were unspecified. The subjective MRI-based grading system proposed by Pfirrmann [10] was 

used more than half the time. Many grading systems (60/93, 64.5%) were only reported once.  

There was substantial heterogeneity in the components used to grade DD. Subjective grading systems 

most commonly used combinations of DSI, DH, structural changes and the distinctiveness of the annulus-

nucleus boundary to grade DD, while quantitative grading systems commonly used specialized 

quantitative MRI techniques and sequences. 

A variety of measurement properties of the grading systems were assessed. Intra-rater and or inter-rater 

reliability were assessed in approximately one-third of reports. Thirty-one of the total 93 grading systems 

were not assessed for any form of reliability. With regard to validity, studies that used subjective grading 

systems commonly reported measured associations between DD and other clinical variables such as 

other imaging findings (degenerative spondylolisthesis, adolescent scoliosis and Modic changes) and 

patient level data (age, occupation and genetic factors). Studies that used quantitative grading 

systems were more likely to report a comparative evaluation with another grading system or imaging 

modality at a single disc level. When the association between DD and LBP was assessed, most studies 

used a subjective grading system, and assessed for the association with current LBP. Sensitivity to 

change was rarely assessed.  
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Comparison to previous literature: 

To the authors’ knowledge, there are no previous scoping reviews that map the scientific literature on 

MRI-based grading systems for DD in the lumbar spine. A previous systematic review was conducted 

to identify and evaluate a range of different grading systems for cervical and lumbar degeneration in the 

disc and facet joints [25]. Unlike our study, many different imaging modalities were considered 

including macroscopic, histological, plain radiography, MRI and discography [25]. The review found 

five different grading systems that measured lumbar DD on MRI [25]. A substantially smaller number of 

grading systems were identified compared to our study as only studies presenting the original 

grading system were included in the review. This explained only some of the difference in the 

number of grading systems identified. Similar to our findings, the five grading systems exhibited a 

wide array of different grading components.  

A scoping review of grading systems for lumbar facet joints on MRI was conducted by Acosta [26], to map 

the grading systems used to assess inflammatory changes to the lumbar facet joints. Like our study, it 

found a large variation in the components and scales used to grade facet inflammation. The review 

identified six grading systems, which had undergone assessment of reliability [26].  

Strengths and limitations 

The key strength of this study was the inclusive nature of the methodological design. As part of the scoping 

review, a wide spectrum of grading systems were identified and included in the analysis. Specifically, our 

study identified grading systems regardless of whether the system had been evaluated for any 

measurement properties. The inclusion criteria included any subjective or quantitative system that 

described the presence or absence of disc degeneration or the degree/extent of DD, and therefore 

focused on the reported use of DD grading systems to more clearly map which grading systems were most 

commonly used. 

Another limitation was the process in which the extraction  was completed. Only 10% of the extraction 

was duplicated by another independent author, and may have resulted in some errors within the 

extracted data. This was done due to the size of the review and likely did not impact the quality of the 

information appraised in the review.

One of the limitations of the study was the challenge in defining when a study was considered to have 

used a grading system to measure DD and therefore met our inclusion criteria. Studies were only included 

if it was explicitly stated that DD (or a similar term) was being assessed. Some studies described 

changes to the disc (e.g., disc herniation) without clearly stating that the changes measured were for the 

purposes of measuring DD. Therefore, this may have resulted in some grading systems being omitted 

from the review. 
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Categorizing the specialized quantitative MRI techniques and sequences used to grade DD into more 

specific categories was challenging. As these specialized quantitative MRI techniques and sequences were 

commonly used, some nuances regarding how these systems are reported and measured may have been 

lost by combining them. 

Implications and future research 

A large number of grading systems were identified in this review, many of which have been infrequently 

used or assessed. There was substantial heterogeneity in the components used in the grading systems, 

the thresholds for determining the presence of DD and the method of synthesis. As a result, the 

comparison of results across different studies is difficult, and may impact the way the grading system is 

used when making associations with LBP. For example of those studies using the Pfirrmann method [10], 

46 studies used a grade higher than three to dichotomize the presence of DD at a single level, while 44 

studies used a grade higher than two. In five studies, a grade higher than one was used to demarcate the 

presence of DD. A more standardized threshold is recommended for systems like the Pfirrmann [10] 

method when being used to measure for associations with clinical variables such as LBP.  

Some of the observed variation in the method of synthesis may also be due to study-specific aims and 

study designs. For example, if DD was compared to a patient level outcome, such as LBP, a summary 

measure across disc levels may be required, whereas, comparisons between two alternative grading 

systems may be assessed at the individual disc level. A wide range of approaches were taken to calculate 

a summary measure across disc levels, including using the sum of all levels, average across all levels and 

the worst level in different studies. Using different summary measures to make associations with LBP may 

also impact the accuracy of these associations. Given that different summary measures are used in a 

variety of study designs and for a range of different aims, choosing the appropriate method of synthesis 

may also contribute to the generation of a more robust association between DD and LBP.  

There were no quantitative grading systems that were identified in this review that systematically 

normalized DD scores for patient level factors such as age and disc level. There is preliminary evidence to 

suggest that normalized quantitative measures of DSI and DH may measure the degenerative process 

more accurately [27]. Further research is required to investigate the association between normalized 

quantitative measures and LBP [27].  

2.9 CONCLUSION

In this review, we identified a large number of grading systems, many of which were infrequently used. In 

total, 93 MRI-based grading systems for assessing lumbar DD were identified, including 63 subjective 

grading systems, 25 quantitative grading systems and five that were unspecified. Subjective grading 

systems were widely utilized, with the Pfirrmann method used in over 50% of reports. A significant 
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number of grading systems were only reported in single studies. There was substantial heterogeneity in 

the components used in the grading systems, however the most common grading components were DSI, 

DH and the distinctiveness of the annulus-nucleus boundary. There were also significant differences in 

the methods of synthesis used across studies. The measurement properties of the grading systems (such 

as reliability) were commonly assessed across the grading systems, while sensitivity to change was rarely 

examined. When an association with LBP was made, it was usually between a subjective grading system 

and current LBP. The variability described in both the components used and the methods of synthesis may 

hinder the ability to draw clear associations with LBP. 

Declarations: 

1. Ethics approval: Ethics approval was not required for this study

2. Funding: No funding was used to support this study

3. Competing interests: The authors declare no competing interest



33 

  

2.10 REFERENCES 

1.   Cieza A, Causey K, Kamenov K, Hanson SW, Chatterji S, Vos T. Global Estimates of the Need for 
Rehabilitation based on the Global Burden of Disease Study 2019: A Systematic Analysis for the 
Global Burden of Disease Study 2019. The Lancet (British Edition) 2020;396:2006–17.  

2. Walker BF. The Prevalence of Low Back Pain: A Systematic Review of the Literature from 1966 to 
1998. Journal of Spinal Disorders 2000;13:205–17.  

3.  Keller A, Hayden J, Bombardier C, Van Tulder MW. Effect Sizes of Non-Surgical Treatments of Non-
Specific Low-Back Pain. European Spine Journal 2007;16:1776–88.  

4.  Deyo RA. Treatments for Back Pain: Can We Get Past Trivial Effects? Annals of Internal Medicine 
2004;141:957–58.  

5.  Balagué FD, Mannion AFP, Pellisé FMD, Cedraschi CP. Non-Specific Low Back Pain. The Lancet (British 
Edition) 2012;379:482–91.  

6.  Baker A. Abnormal Magnetic Resonance Scans of the Lumbar Spine in Asymptomatic Subjects: A 
Prospective Investigation. In: London: Springer London; 2014, p. 245–47.  

7.  Brinjikji W, Luetmer PH, Comstock B, Bresnahan BW, Chen LE, Deyo RA, et al. Systematic Literature 
Review of Imaging Features of Spinal Degeneration in Asymptomatic Populations. American Journal 
of Neuroradiology 2015;36:811–16.  

8.  Salamat S, Hutchings J, Kwong C, Magnussen J, Hancock MJ. The Relationship Between Quantitative 
Measures of Disc Height and Disc Signal Intensity with Pfirrmann Score of Disc Degeneration. 
SpringerPlus 2016;5:829.  

9.  Videman T, Gibbons LE, Battie MC. Age-and Pathology-Specific Measures of Disc Degeneration. Spine 
(Philadelphia, Pa. 1976) 2008;33:2781–88.  

10.  Pfirrmann CWA, Metzdorf A, Zanetti M, Hodler J, Boos N. Magnetic Resonance Classification of 
Lumbar Intervertebral Disc Degeneration. Spine 2001;26:1873–78.  

11.  Griffith JF, Wang Y-XJ, Antonio GE, Choi KC, Yu A, Ahuja AT, et al. Modified Pfirrmann Grading System 
for Lumbar Intervertebral Disc Degeneration. Spine 2007;32:E708–12.  

12.  Hancock MJ, Maher CG, Jarvik JG, Battie MC, Elliott JM, Jensen TS, et al. Reliability and Validity of 
Subjective Radiologist Reporting of Temporal Changes in Lumbar Spine MRI findings. PM & R 
2022;14:1325–32.  

13.  Carrino JA, Lurie JD, Herzog R, Tosteson ANA, Tosteson TD, Carragee EJ, et al. Lumbar Spine: Reliability 
of MR Imaging Findings. Radiology 2009;250:161–70.  

14.  Urrutia J, Besa P, Campos M, Cikutovic P, Cabezon M, Molina M, et al. The Pfirrmann Classification of 
Lumbar Intervertebral Disc Degeneration: An Independent Inter- and Intra-observer Agreement 
Assessment. European Spine Journal 2016;25:2728–33.  

15.  Niemeläinen R, Videman T, Dhillon SS, Battie MC. Quantitative Measurement of Intervertebral Disc 
Signal Using MRI. Clinical Radiology 2007;63:252–55.  



34 

16. Watanabe A, Benneker LM, Boesch C, Watanabe T, Obata T, Anderson SE. Classification of
Intervertebral Disk Degeneration with Axial T2 mapping. American Journal of Roentgenology (1976)
2007;189:936–42.

17. Tunset A, Kjaer P, Chreiteh SS, Jensen TS. A Method for Quantitative Measurement of Lumbar
Intervertebral Disc Structures: An Intra- and Inter-Rater Agreement and Reliability Study. Chiropractic 
& Manual Therapies 2013;21:26.

18. Aromataris E MZE. JBI Manual for Evidence Synthesis.  JBI 2020 [Available from]:
http://synthesismanual.jbi.jbi.global.http://doi.org/10.46658/JBIMES-20-01

19. Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping
Reviews (PRISMA-ScR): Checklist and Explanation. Annals of Internal Medicine 2018;169:467–73.

20. Esposito D, Jenkins H, Brown B, Hancock M, King S, Searant I. MRI-Based Grading Systems for
Assessing Lumbar Disc Degeneration: A Scoping Review Protocol 2023. ID:osf.io/3nqst.

21. EndNote for PC software, Version X20 Clarivate Analytics, U.S. [Available from]:
https://endnote.com.

22. Covidence Systematic Review Software, Veritas Health Innovation, July 2023, Melbourne, Australia.
Available at www.covidence.org.

23. Microsoft Corporation. Microsoft Excel. 2018. Available from: https://office.microsoft.com/excel.

24. Schneiderman G, Flannigan B, Kingston S. Magnetic Resonance Imaging in the Diagnosis of Disc
Degeneration: Correlation with Discography. Spine 1987;12(3):276–81.

25. Kettler A, Wilke H-J. Review of Existing Grading Systems for Cervical or Lumbar Disc and Facet Joint
Degeneration. European Spine Journal 2006;15:705–18.

26. Acosta JI, Mandell JC, Ermann J, Isaac Z, Zampini JM, DeFilipp M, et al. Grading Systems of Lumbar
Facet Joint Inflammatory Changes on Magnetic Resonance Imaging: A Scoping Review. Spine
(Philadelphia, Pa. 1976) 2023;48:636–44.

27. King S, Magnussen J, Elliott J, Hancock MJ. Development of Normalized Quantitative Measures of
Lumbar Disc Degeneration. Journal of Orthopaedic Research-Spine 2023;127.

http://synthesismanual.jbi.jbi.global/
http://doi.org/10.46658/JBIMES-20-01
https://endnote.com/
http://www.covidence.org/
https://www.researchgate.net/deref/https%3A%2F%2Foffice.microsoft.com%2Fexcel?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCIsInBvc2l0aW9uIjoicGFnZUNvbnRlbnQifX0


35 

2.
11

 T
AB

LE
S 

Ta
bl

e 
1.

 T
he

 p
ro

po
rt

io
n 

of
 g

ra
di

ng
 s

ys
te

m
s 

re
po

rt
ed

 t
o 

be
 u

se
d 

to
 a

ss
es

s 
di

sc
 d

eg
en

er
at

io
n 

w
ith

 d
iff

er
en

t 
m

et
ho

ds
 o

f 
sy

nt
he

sis
, s

tr
at

ifi
ed

 b
y 

th
e 

gr
ad

in
g 

sy
st

em
 

co
m

po
ne

nt
s u

se
d 

to
 a

ss
es

s f
or

 d
isc

 d
eg

en
er

at
io

n  



36 



37 

DS
I: 

di
sc

 si
gn

al
 in

te
ns

ity
, D

H:
 d

isc
 h

ei
gh

t, 
AF

: a
nn

ul
us

 fi
br

os
is,

 N
P:

 n
uc

le
us

 p
ul

po
su

s M
RI

: m
ag

ne
tic

 re
so

na
nc

e 
im

ag
in

g,
 D

D:
 d

isc
 d

eg
en

er
at

io
n,

 L
BP

: l
ow

 b
ac

k 
pa

in
. 

*I
nc

lu
de

d 
co

m
bi

na
tio

ns
 o

f T
12

-L
5,

 T
12

-S
1,

 L
1-

L5
, a

nd
 L

5-
S1

. O
th

er
 c

at
eg

or
y 

in
cl

ud
es

 u
ns

pe
ci

fie
d,

 a
nd

 a
ll 

ot
he

r c
om

bi
na

tio
ns

 re
po

rt
ed

**
Th

e 
to

ta
l n

um
be

r o
f r

es
po

ns
es

 m
ay

 e
xc

ee
d 

th
e 

nu
m

be
r o

f r
ep

or
ts

 o
f g

ra
di

ng
 sy

st
em

 u
se

 d
ue

 to
 th

e 
po

ss
ib

ili
ty

 o
f m

ul
tip

le
 o

pt
io

ns



38 

Ta
bl

e 
2.

 T
he

 p
ro

po
rt

io
n 

of
 g

ra
di

ng
 s

ys
te

m
s 

re
po

rt
ed

 t
o 

be
 a

ss
es

se
d 

fo
r 

m
ea

su
re

m
en

t 
pr

op
er

tie
s,

 s
tr

at
ifi

ed
 b

y 
th

e 
gr

ad
in

g 
sy

st
em

 c
om

po
ne

nt
s 

us
ed

 t
o 

as
se

ss
 fo

r 
di

sc
 

de
ge

ne
ra

tio
n 

Re
lia

bi
lit

y 
Se

ns
iti

vi
ty

 to
 c

ha
ng

e 
Va

lid
ity

 

Gr
ad

in
g 

sy
st

em
 

co
m

po
ne

nt
s 

Pr
op

or
tio

n 
of

 re
po

rt
ed

 
us

e 
of

 
gr

ad
in

g 
sy

st
em

s %
 

(n
/N

) 

In
tr

a-
ra

te
r 

re
lia

bi
lit

y 
%

 
(n

/N
) 

In
te

r-
ra

te
r 

re
lia

bi
lit

y 
%

 
(n

/N
) 

U
se

 o
f a

 c
ha

ng
e 

sc
or

e 
%

 (n
/N

) 

Co
m

pa
ra

tiv
e 

ev
al

ua
tio

n 
w

ith
 

an
ot

he
r g

ra
di

ng
 

sy
st

em
 %

 (n
/N

) 

M
ea

su
re

d 
as

so
ci

at
io

ns
 

be
tw

ee
n 

DD
 a

nd
 

ot
he

r v
ar

ia
bl

es
 %

 
(n

/N
) 

M
ea

su
re

d 
as

so
ci

at
io

ns
 

be
tw

ee
n 

DD
 a

nd
 

LB
P 

%
 (n

/N
) 

Su
bj

ec
tiv

e 
gr

ad
in

g 
sy

st
em

s (
al

l) 
83

.2
 

(5
56

/ 
66

8)
 

28
.1

 (1
56

/5
56

) 
34

.5
 (1

92
/5

56
) 

11
.0

 (6
1/

55
6)

 
14

.6
 (8

1/
55

6)
 

46
.2

 (2
57

/5
56

) 
18

.0
 (1

00
/5

56
) 

DS
I 

3.
8 

(2
1/

 5
56

) 
23

.8
 (5

/2
1)

 
33

.3
 (7

/2
1)

 
0.

0 
(0

/2
1)

 
9.

5 
(2

/2
1)

 
47

.6
 (1

0/
21

) 
28

.6
 (6

/2
1)

 

DH
 

0.
7 

(4
/5

56
) 

25
.0

 (1
/4

) 
50

.0
 (2

/4
) 

0.
0 

(0
/4

) 
0.

0 
(0

/4
) 

75
.0

 (3
/4

) 
50

.0
 (2

/4
) 

DS
I a

nd
 D

H 
7.

9 
(4

4/
55

6)
 

31
.8

 (1
4/

44
) 

45
.5

 (2
0/

44
) 

11
.4

 (5
/4

4)
 

11
.4

 (5
/4

4)
 

54
.5

 (2
4/

44
) 

31
.8

 (1
4/

44
) 

DS
I a

nd
/o

r D
H 

an
d/

or
 

di
sc

 b
ul

gi
ng

 a
nd

 
he

rn
ia

tio
n 

4.
1 

(2
3/

55
6)

 
30

.4
 (7

/2
3)

 
39

.1
 (9

/2
3)

 
13

.0
 (3

/2
3)

 
17

.4
 (4

/2
3)

 
52

.2
 (1

2/
23

) 
34

.8
 (8

/2
3)

 

DS
I a

nd
/o

r D
H 

an
d/

or
 

os
te

op
hy

te
s,

 e
nd

-
pl

at
e 

ch
an

ge
s,

 M
od

ic
 

ch
an

ge
s a

nd
 h

ig
h 

in
te

ns
ity

 zo
ne

s 
5.

9 
(3

3/
55

6)
 

42
.4

 (1
4/

33
) 

30
.3

 (1
0/

33
) 

18
.2

 (6
/3

3)
 

3.
0 

(1
/3

3)
 

60
.6

 (2
0/

33
) 

30
.3

 (1
0/

33
) 



39 

DS
I: 

di
sc

 si
gn

al
 in

te
ns

ity
, D

H:
 d

isc
 h

ei
gh

t, 
AF

: a
nn

ul
us

 fi
br

os
is,

 N
P:

 n
uc

le
us

 p
ul

po
su

s M
RI

: m
ag

ne
tic

 re
so

na
nc

e 
im

ag
in

g,
 D

D:
 d

isc
 d

eg
en

er
at

io
n,

 L
BP

: l
ow

 b
ac

k 
pa

in
. 

Q
ua

nt
ita

tiv
e 

gr
ad

in
g 

sy
st

em
s (

al
l) 

16
.8

 
(1

12
/6

68
) 

42
.9

 (4
8/

11
2)

 
35

.7
 (4

0/
11

2)
 

9.
8 

(1
1/

11
2)

 
61

.6
 (6

9/
11

2)
 

33
.9

 (3
8/

11
2)

 
10

.7
 (1

2/
11

2)
 

DS
I 

17
.9

 
(2

0/
11

2)
 

30
.0

 (6
/2

0)
 

20
.0

 (4
/2

0)
 

25
.0

 (5
/2

0)
 

15
.0

 (3
/2

0)
 

55
.0

 (1
1/

20
) 

25
.0

 (5
/2

0)
 

DH
 

2.
7 

(3
/1

12
) 

33
.3

 (1
/3

) 
0.

0 
(0

/3
) 

0.
0 

(0
/3

) 
33

.3
 (1

/3
) 

66
.7

 (2
/3

) 
0.

0 
(0

/3
) 

Di
sc

 b
ul

gi
ng

 
3.

6 
4/

11
2)

 
75

.0
 (3

/4
) 

50
.0

 (2
/4

) 
0.

0 
(0

/4
) 

0.
0 

(0
/4

) 
10

0.
0 

(4
/4

) 
50

.0
 (2

/4
) 

DS
I a

nd
 D

H 
2.

7 
(3

/1
12

) 
0.

0 
(0

/3
) 

33
.3

 (1
/3

) 
33

.3
 (1

/3
 

33
.3

 (1
/3

 
66

.7
 (2

/3
) 

33
.3

 (1
/3

 

DS
I, 

DH
, a

nd
 d

isc
 

bu
lg

in
g 

8.
9 

(1
0/

11
2)

 
70

.0
 (7

/1
0)

 
70

.0
 (7

/1
0)

 
20

.0
 (2

/1
0)

 
20

.0
 (2

/1
0)

 
60

.0
 (6

/1
0)

 
10

.0
 (1

/1
0)

 

Sp
ec

ia
liz

ed
 

qu
an

tit
at

iv
e 

M
RI

 
te

ch
ni

qu
es

 a
nd

 
se

qu
en

ce
s 

64
.3

 
(7

2/
11

2)
 

43
.1

 (3
1/

72
) 

36
.1

 (2
6/

72
) 

4.
2 

(3
/7

2)
 

86
.1

 (6
2/

72
) 

18
.1

 (1
3/

72
) 

4.
2 

(3
/7

2)
 

Su
m

m
ar

y 
of

 
su

bj
ec

tiv
e 

an
d 

qu
an

tit
at

iv
e 

gr
ad

in
g 

sy
st

em
s 

66
8 

30
.5

 (2
04

/6
68

) 
34

.7
 (2

32
/6

68
) 

10
.8

 (7
2/

66
8)

 
22

.5
 (1

50
/6

68
) 

44
.2

 (2
95

/6
68

) 
16

.8
 (1

12
/6

68
) 



40 

  

2.12 FIGURES  

Figure 1. Preferred Repor�ng Items for Systema�c Reviews and Meta-Analyses flow chart.  
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Figure 2. Annual publica�on counts of studies that used a grading system to assess lumbar spine DD on 

MRI in living humans between 1986 and 2022. 
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Figure 3. Key characteristics summary: Age, location, sample population and setting of included studies 

that used a grading system to assess lumbar spine DD based on MRI in living humans. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



43 

  

2.13 SUBMITTED SUPPLEMENTARY MATERIAL  

Appendix 1. Search strategy 

For each database search terms were used for each of the three key domains: magnetic resonance 

imaging; intervertebral disc degeneration; lumbar vertebrae 

Terms with each of the domains were combined with ‘or’ 

The four key domains were combined with ‘and’ 

Search Terms 

Medline 

1 magnetic resonance imaging/  

2 magnetic resonance imaging.mp.  

3 magnetic resonance.mp.  

4 MRI findings.mp.  

5 MR imaging.mp.  

6 MRI.mp.  

7 1 or 2 or 3 or 4 or 5 or 6  

8 intervertebral disc degeneration/  

9 intervertebral disc degeneration.mp.  

10 intervertebral disk degeneration.mp.  

11 ((disc or disk) adj3 (degenerat* or degradat* or disease*)).mp.  

12 degenera* disc.mp.  

13 degenerat* disk.mp.  

14 Disc signal intensity.mp.  

15 Disk signal intensity.mp. 

16 disc height.mp.  



44 

  

17 disk height.mp.  

18 spondylosis.mp. 

19 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18  

20 lumbar vertebrae/  

21 lumbar vertebrae.mp.  

22 lumbar vertebra.mp.  

23 (lumbar adj2 (spine or vertebrae)).mp.  

24 Low back pain.mp.  

25 LBP.mp.  

26 20 or 21 or 22 or 23 or 24 or 25  

27 7 and 19 and 26 

EMBASE 

1 nuclear magnetic resonance imaging/  

2 magnetic resonance imaging.mp.  

3 magnetic resonance.mp.  

4 MRI findings.mp.  

5 MR imaging.mp.  

6 MRI.mp. 

7 1 or 2 or 3 or 4 or 5 or 6  

8 intervertebral disk degeneration/  

9 intervertebral disc degeneration.mp.  

10 intervertebral disk degeneration.mp.  

11 ((disc or disk) adj3 (degenerat* or degradat* or disease*)).mp.  

12 degenera* disc.mp.  
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13 degenerat* disk.mp.  

14 Disc signal intensity.mp.  

15 Disk signal intensity.mp. 

16 disc height.mp.  

17 disk height.mp.  

18 spondylosis.mp. 

19 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18  

20 lumbar vertebra/  

21 lumbar vertebrae.mp.  

22 lumbar vertebra.mp.  

23 (lumbar adj2 (spine or vertebrae)).mp.  

24 Low back pain.mp.  

25 LBP.mp.  

26 20 or 21 or 22 or 23 or 24 or 25  

27 7 and 19 and 26 

CINAHL 

S1          (MH "Magnetic Resonance Imaging") 

S2          (TI "magnetic resonance imaging" or AB "magnetic resonance imaging") 

S3           (TI "MR imaging" or AB "MR imaging") 

S4           (TI MRI or AB MRI) 

S5            (TI "Magnetic resonance" or AB "magnetic resonance 

S6             S1 OR S2 OR S3 OR S4 OR S5 

 S7            TI (disk or disc) N3 (degenerat* or degrad* or disease*) or AB (disk or disc) N3 (degenerat* or   

degrad* or disease*) 
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S8            (TI "degenera* disc" or ab "degenera* disc) 

S9            (TI "degenerat* disk" or AB "degenerat* disk") 

S10          (TI "intervertebral disc degeneration" or AB "intervertebral disc degeneration") 

S11          (TI "disc changes" or AB "disc changes" or (TI "disk changes" or AB "disk changes") 

S12          (TI "disc signal intensity" or AB "disc signal intensity") or (TI "disc height" or AB "disc height") or 

(TI "disk height" or AB "disk height") 

S13          S7 OR S8 OR S9 OR S10 OR S11 OR S12 

S14          (MH "Lumbar Vertebrae") 

S15           (TI (lumbar) N2 (spine or vertebrae) or AB (lumbar) N2 (spine or vertebrae) 

S16           (TI LBP or AB LBP) or (TI "low back pain" or AB "low back pain") 

S17           S14 OR S15 OR S16 

S18           S6 AND S13 AND S17 
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Appendix 3.  Subjective grading systems for lumbar disc degeneration on MRI 

MRI-based grading systems that used disc signal intensity alone in the assessment of disc degeneration in 
the lumbar spine 

Table 1. Grading system for lumbar disc degeneration proposed by Decandido [1]. 

*Mild and moderate loss were described as intermediate signal intensities between the two extremes. 

 

Table 2. Grading system for lumbar disc degeneration proposed by Dimar [2]. 

 

Table 3. Grading system for lumbar disc degeneration proposed by Evans [3]. 

 

Table 4. Grading system for lumbar disc degeneration as reported in Dragsbaek [4].  

Proposed by Eyre [5]. 

 

Table 5. Grading system for lumbar disc degeneration proposed by Fu [6]. 

 

Grading components Grade Description (visual brightness of 
the disc) 

Visual brightness of the disc 1 Normal 
 2 Mild loss* 
 3 Moderate loss* 
 4 Severe   

Grading components Description 
Disc signal intensity Any form of reduction was considered disc 

degeneration 

Grading components Grade Description 
Disc signal intensity Normal A normal disc signal was 

described as high or bright 
signal 

 Abnormal A decreased, black, or gray 
signal was interpreted as 
evidence of degeneration or 
dehydration 

Grading components Grade Description 
Disc signal intensity  0 Homogenously hyperintense  

 1 Hyperintense with visible 
intranuclear cleft 

 2 Intermediate signal intensity 

 3 Hypointense 

Grading Components Grade Description 
Disc hydration 0 Normal 
 1 Partially reduced 
   
 2 Completely black disc  
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Table 6. Grading system for lumbar disc degeneration proposed by Gibson [7]. 

*Degeneration was graded according to a 5-point scale, ranging from 0 = normal to 4 = total loss of nuclear
signal.

Table 7. Grading system for lumbar disc degeneration proposed by Heithoff [8]. 

Table 8. Grading system for lumbar disc degeneration proposed by Ito [9]. 

Table 9. Grading system for lumbar disc degeneration proposed by Kotilainen [10]. 

Table 10. Grading system for lumbar disc degeneration proposed by Linson [11]. 

*Signal intensity was compared with the adjacent disc spaces in the same patient

Grade Description* 
0 Pure, hyperintense signal (normal) 
1 Early degeneration 
2 Moderate degeneration 
3 Severe degeneration 
4 Total loss of nuclear  

signal/hypointense (dark) 

Grading Component Description 
Disc dehydration Presence of lumbar degenerative disc disease as 

manifested by greater than 50% degenerative disc 
dehydration compared with normal discs  

Grading components Description 
Nuclear signal intensity Normal 

Moderate loss 
Severe 

Grading components Grade Description 
Visual brightness of the discs on a T2-weighted image in comparison 
to the signal intensity of the lumbar vertebrae 

No 
degeneration 

Not specified 

Mild Not specified 
Severe Not specified 

Grading components Grade Description 
Disc signal intensity* Mild, moderate, or marked Mild, moderate, and marked 

decrease in signal intensity were 
classified as being abnormal 
with no differentiation as to the 
degree of abnormality 
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Table 11. Grading system for lumbar disc degeneration proposed by Liuke [12]. 

Table 12. Grading system for lumbar disc degeneration proposed by Luoma [13]. 

*Signal intensity was visually estimated using CSF in the adjacent dural sac as an intensity reference.

Table 13. Grading system for lumbar disc degeneration as reported in Madan [14]. 

 Proposed by Marchiori [15]. 

Table 14. Grading system for lumbar disc degeneration proposed by Maurer [16]. 

Grading components Grade Description 
Disc signal intensity Bright Discs with a nucleus pulposus 

brighter or as bright as CSF were 
classified as having normal 
intensity 

Dark Discs with a nucleus pulposus 
darker than CSF were classified 
as having decreased signal 
intensity 

Grading components Grade Description 
Signal intensity of the nucleus pulposus* 1 Bright 

2 Grey 
3 Dark 
4 Black 

Grading components Grade Description 
Disc signal intensity Bright (1) High signal intensity appearance (bright) 

normal 

Gray (2) Intermediate intensity appearance for early 
degenerative change 

Dark (3) Low signal appearance for well-established 
degenerative change 

Grading components Description 
Disc signal intensity Disc degeneration/desiccation was diagnosed 

when there was a decrease in disc signal 
intensity on T2-weighted images 
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Table 15. Grading system for lumbar disc degeneration proposed by Tertti [17] 
Grading Components Grade Description 
Disc signal intensity Healthy/well hydrated High signal intensity 

Abnormal/degenerated Over 50% decrease of MR 
signal intensity was detected 
when compared to the 
maximal signal intensity of the 
lumbar discs  
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Grading systems that used disc height alone in the assessment of disc degeneration 

Table 16. Grading system for lumbar disc degeneration proposed by Fu [6]. 

Table 17. Grading system for lumbar disc degeneration proposed by Ito [9]. 

Table 18. Grading system for lumbar disc degeneration proposed by Raininko [18]. 

Table 19. Grading system for lumbar disc degeneration proposed by Videman [19]. 

Grading Components Grade Description 
Disc space height 0 Normal 

1 Mild, reduced <50% 
2 Moderate/severe, 

reduced ≥50% 

Grading components Description 
Disc narrowing Normal 

Moderate narrowing 
Severe narrowing 

Grading components Grade Description 
Disc height 0 Disc higher than the disc above 

1 Disc as high as the disc above (if normal) 
2 Disc narrower than the disc above (if normal) 
3 Endplates almost in contact 

Grading components Grade Description 
Disc height 0-4 Disc height narrowing was determined from 

qualitative evaluations of films using a 4-point 
scale which was not specified  
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Grading systems that used disc signal intensity and disc height in the assessment of disc degeneration 

Table 20. Grading system for lumbar disc degeneration proposed by Borenstein [20]. 

Table 21. Grading system for lumbar disc degeneration proposed by Butterman [21]. 

Table 22. Grading system for lumbar disc degeneration proposed by Jensen [22]. 

Used in a latent class analysis. Intervertebral disc was categorised as being degenerated if its disc signal 
intensity was grade 3, or its disc height was graded as 3 or 4. *Disc height measured using the system by 
Raininko [18].         

Table 23. Grading system for lumbar disc degeneration proposed by Lakadamyali [23]. 

Grade Description 
0 Normal 

1 Mild (slight dehydration of the disc on T2-
weighted images) 

2 Moderate (disc dehydration and mild loss of disc 
height  

3 Severe (total disc dehydration with nearly 
complete loss of disc height) 

Grading components Description 
Disc dehydration Description not specified 
Disc narrowing Description not specified 

Grading components Grade Description 
Disc signal intensity 1 Hyper-intense with visible intra-nuclear cleft 

2 Intermediate signal intensity  
3 Hypo-intense 

Disc height* 1 Disc higher than the one above 
2 Disc as high as the disc above (if normal) 
3 Disc narrower than the disc above (if normal) 
4 Endplates almost in contact 

Grading component Description 

Signal intensity Considered as any loss of signal intensity of 
the disc  

Disc height Considered as any disc height loss of the disc 
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Table 24. Grading system for lumbar disc degeneration proposed by Leboeuf-Yde [24].  

  Disc degeneration was defined as either reduced disc height or signal intensity.  

Table 25. Grading system for lumbar disc degeneration proposed by Luoma [25]. 

Table 26. Grading system for lumbar disc degeneration proposed by Sabnis [26]. 

Each disc was assigned weight per the following protocols; (i) No points, if the disc was normal (bright 
homogenous centre and normal disc height compared with adjacent level discs); (ii) One point when the 
disc was inhomogeneous (but not entirely black), and two points when the disc was entirely black; (iii) 
One point for a disc height loss of <50% (compared with the cephalad disc height), and two points for a 
disc height loss of >50%. Points were added to give an overall grade (0-4) to each disc. 

Grading components Description 
Disc height Grade 2 or 3 
Disc signal Grade 3 

Grading components Grade Description 
Signal intensity 0-5 If the signal intensity of both nucleus pulposus and 

annulus fibrosis was very dark like that of cortical 
bone, the disc signal intensity was classified as severely 
decreased. If signal intensity in nucleus pulposus was 
bright (normal or increased signal) but that of annulus 
very dark in a disc with a decreased height, the disc 
signal intensity was classified as increased   

Disc height 0-4 Disc height (anterior, posterior, and middle) was 
visually estimated as normal (higher than, or as high as 
the upper not degenerated disc space), slightly 
decreased (<33% lower than the upper disc space), 
clearly decreased (34–66% lower), or strongly 
decreased (>66% or lower) 

Grading components Grade Description 
Disc signal intensity and disc 
height 

0 Normal disc with a bright 
homogeneous centre and disc 
height preserved 

1 Mildly inhomogeneous disc but 
disc height preserved 

2 Mildly homogeneous disc with a 
disc height loss of <50% 

3 Black disc with a disc height loss 
of <50% 

4 Black disc with a disc height loss 
of >50% 
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Table 27. Grading system for lumbar disc degeneration proposed by Schneidermann [27]. 

Table 28. Grading system for lumbar disc degeneration as reported in Karppinen [28]. 

 Proposed by Stadnik [29]. 

Table 29. Grading system for lumbar disc degeneration proposed by Throckmorton [30]. 

Grade Description 
Normal No signal changes 

1 Slight decrease in signal intensity of the nucleus 
pulposis 

2 Hypointense nucleus pulposis with normal disc 
height 

3 Hypointense nucleus pulposus with disc space 
narrowing 

Grading components Grade Description 
Disc signal intensity and disc 
height  

Mild A decrease in signal intensity of 
the nucleus pulposus on T2-
weighted images  

Moderate Hypo-intense nucleus pulposus 
on T2-weighted images 

Severe Hypointense nucleus pulposus 
with narrowing of the disc 
space 

Grading components Grade Description 
Hydration status and disc 
height 

Normal The hydration status and 
height of the intervertebral 
disc was evaluated. Discs with 
normal hydration and height 
were considered normal 

Degenerated Endplates were considered 
degenerated if there was 
either a significant increase or 
decrease in signal intensities. If 
either the discs or the 
endplates were diagnosed as 
degenerated, the disc was 
classified as degenerated 
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MRI-based grading systems that used any combination of disc signal intensity and bulge, disc height and 
bulge, and disc signal intensity, disc height and bulge in the assessment of disc degeneration in the lumbar 
spine 

Table 30. Grading system for lumbar disc degeneration proposed by Battie [31]. 

*Mild, moderate, and severe were described as progressive degrees of abnormality.     

 

Table 31. Grading system for lumbar disc degeneration proposed by Battie [32]. 

*Mild, moderate, and severe were described as progressive degrees of abnormality.   

 

Table 32. Grading system for lumbar disc degeneration proposed by Deng [33]. 

 

 

 

 

 

 

Grading components Grade Description 
Disc height 0 Normal 
 1 Mild* 
 2 Moderate* 
 3 Severe* 
Disc Bulging 0 Normal 
 1 Mild 
 2 Moderate 
 3 Severe 

Grading components Grade Description 
Disc signal intensity  0 Normal 
 1 Mild* 
 2 Moderate* 
 3 Severe* 
Disc height narrowing 0 Normal 
 1 Mild 
 2 Moderate 
 3 Severe 
 Disc Bulging 0 Normal 
 1 Mild 
 2 Moderate 
 3 Severe 

Grading components  Description 
Disc signal intensity Low 
Herniation Present 
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Table 33. Grading system for lumbar disc degeneration proposed by Desigan [34]. 

 

Table 34. Grading system for lumbar disc degeneration proposed by Fardon [35]. 

As reported in Kiil [36]  

                                                                              

Table 35. Grading system for lumbar disc degeneration proposed by Horton and Daftari [37]. 

 

When the two grading components were combined, each disc could be classified                                                        
into nine possible patterns. 

 

Grading components Grade Description 
MRI scoring for disc 
appearance 

0 Normal appearance                             

 1 Some loss of signal but disc 
structure still visible 

 2 Significant signal loss with loss of 
structure but no loss of disc 
height or loss of disc height with 
normal structure 

 3 Loss of disc height and signal 

 4 Loss of disc height and signal 
with annular disruption 

MRI scoring for disc protrusion 0 Normal 
 1 Annular disc bulge 

 2 Focal disc protrusion 
 3 Disc extrusion 

Grading description Grade Description 
Disc herniation and signal 
intensity changes* 

0 No sign of disc degeneration or herniation 

 1 Loss of water content and/or disc height 
 2 Disc protrusion 
 3 Disc extrusion 

Grading components Grade Description 
Nuclear intensity  White Homogenous, hypointense 

signal was defined  
 Speckled A speckled pattern consisted 

of dark signal and two or more 
areas of light signal 

Bulge Flat A straight or minimally convex 
posterior annulus 

 Bulged A convex annulus that 
encroached the anterior 
thecal sac  

 Torn Definite discontinuity in the 
signal of the posterior annulus 
or posterior longitudinal 
ligament 
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Table 36. Grading system for lumbar disc degeneration proposed by Kanamori [38]. 

 

Table 37. Grading system for lumbar disc degeneration proposed by Solovieva [39]. 

 

Table 38. Grading system for lumbar disc degeneration proposed by Videman [40]. 

 

 

 

 

 

Grade I II III IV 
Signal intensity High High-moderate Moderate-low Absent 

Disc bulging  Normal Rupture of the 
posterior annulus 

Protrusion or extrusions of the disc 
materials  

Quantitative components Description 
Disc signal intensity Cerebrospinal fluid at the corresponding disc level was used as a 

signal intensity reference. Intensity lower than that of the adjacent 
cerebrospinal fluid was considered a positive finding and was called 
a dark nucleus pulposus  

Disc height  Graded on a 4-point scale (0 = normal, 1 = slightly decreased, 2 = 
distinctly decreased, and 3 = severely decreased) 

Disc bulging Bulge anterior or posteriorly  

Grading components Grade Description 
Disc height narrowing 0 Normal- typically disc higher than the upper 

disc  
 1 Slight- disc as high as the upper disc if it is 

normal 

 2 Moderate- disc narrower than the upper disc 
if it is normal 

 3 Severe- endplates almost in contact 

Disc bulging  0 None- normal contour of the disc 

 1 Slight- approximately 1.51 ± 1mm 

 2 Moderate- approximately 3.5 ± 1mm 

 3 Severe- ≥4.5 mm  
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Table 39. Grading system for lumbar disc degeneration proposed by Videman [41]. 

 

Table 40. Grading system for lumbar disc degeneration proposed by WitWit [42]. 

Disc degeneration as a separate category was defined as a combination and/or either of reduced disc 
signal, reduced disc height and disc bulging 

 

 

 

 

Grading components Grade Description 
Disc height 0-3 0 equalling normal and 1 

through 3 representing 
progressive degrees of 
abnormality  

Disc bulging (anteriorly and 
posteriorly) 

0-3 0 equalling normal and 1 
through 3 representing 
progressive degrees of 
abnormality (if bulging was 
detected both anteriorly and 
posteriorly, the larger of the 
ratings was used 

Signal Intensity 0-3 0 equalling normal and 1 
through 3 representing 
progressive degrees of 
abnormality 

Grading components Grade Description 
Disc signal reduction/ 
degeneration 

0 Normal 

 1 Slight reduction as compared 
to normal appearing adjacent 
discs 

 2 Moderate reduction 

 3 Severe reduction (complete or 
near complete lack of signal) 

Disc height 0 Normal 
 1 Reduction ≤ 50% 
 2 Reduction 50%-90% 
 3 Reduction > 90% 

Disc bulging 0 Normal 
 1 Bulging disc 
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MRI-based grading systems that used disc signal intensity and/or disc height, herniation, structural 
changes of the disc and the distinction between the annulus fibrosis and nucleus pulposus in the 
assessment of disc degeneration in the lumbar spine 

Table 41. Grading system for lumbar disc degeneration proposed by Buirski [43]. 

 

Table 42. Grading system for lumbar disc degeneration proposed by Butler [44]. 

 

 

 

 

 

 

 

 

Buirski pattern Description 
1 Thickened cleft with no prolapse/bulge, and normal disc intensity and disc 

height 
 

2 Thickened cleft with no prolapse/bulge, reduced disc intensity and normal disc 
height 
 

3 Normal cleft, disc intensity and disc height, with prolapse/bulge 
 

4 Thickened cleft, prolapsed/bulge, and reduced disc intensity and disc height 
 

5 Thickened or incomplete cleft, with prolapse/bulge with focal signal voids disc 
intensity and moderately reduced disc 
 

6 Cleft not visible, with prolapse/bulge, and significant disc signal intensity and 
severe disc height 

Grading components Grade Description 
Nuclear intensity, disc height, 
distinction between the annulus 
fibrosis and nucleus pulposus and 
herniation 

Normal Well-preserved disc space 
without evidence of collapse, 
Smooth borders of both 
annulus and nucleus pulposus, 
no evidence of disc herniation, 
and a clear white signal of the 
disc on the T2-weighted image  

 Degenerated Discs not fulfilling this criterion 
were considered degenerated 
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Table 43. Grading system for lumbar disc degeneration proposed by Griffith [45]. 

More commonly referred to as the modified Pfirrmann.  

 

 

 

 

 

 

 

 

 

 

Grade Signal From Nucleus and Inner 
Fibres of Annulus 

Distinction Between Inner 
and Outer Fibres of Annulus 
at Posterior Aspect of Disc 

Height of Disc 

1 Uniformly hyperintense, equal to 
CSF 

Distinct Normal 

2 Hyperintense (>presacral fat and 
<CSF) ± Hypointense intranuclear 
cleft 

Distinct Normal 

3 Hyperintense though < Presacral fat Distinct Normal 

4 Mildly hyperintense (slightly>outer 
fibres of annulus) 

Indistinct Normal 

5 Hypointense (= outer fibres of 
annulus) 

Indistinct Normal 

6 Hypointense Indistinct <30% reduction in 
disc height 

7 Hypointense Indistinct 30%-60% 
reduction in disc 
height 

8 Hypointense Indistinct >60% reduction in 
disc height 
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Table 44. Grading system for lumbar disc degeneration proposed by Kealey [46]. 

 

Table 45. Grading system for lumbar disc degeneration proposed by Kjaer [47]. 

 

 

 

 

 

 

 

 

Grading components Description 

Loss of disc height 
Reduction in signal intensity on a T2-
weighted image 
Loss of distinctness of the intranuclear 
cleft  

Discs with only one of these findings were defined as 
mildly degenerated, while those with at least two findings 
were defined as severely degenerated 

Grading components Grade Description 
Signal intensity 0 Homogenous hyperintense 
 1 Hyperintense with visible 

intranuclear cleft 
 2 Intermediate signal intensity 
 3 Hypointense  

Nuclear shape 0 Round or kidney shaped, 
0<60% of sagittal or coronal 
diameter of the disc  

 1 Slightly lobulated or 
irregular 

 2 Severely irregular shape and 
small, less than 25% of the 
area of the disc 

 3 Not seen in a disc of low 
signal intensity  

Disc height 0 Disc higher than the upper 
disc 

 1 Disc as high as the upper disc 
(if normal)  

 2 Disc narrower than the 
upper disc (if normal) 

 3 Endplates almost in contact 
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Table 46. Grading system for lumbar disc degeneration proposed by Lei [48]. 

Described as the Woodend classification 

 

Table 47. Grading system for lumbar disc degeneration as reported in Chen [49] and Lim [50].  

Proposed by Pearce [5]                                                                                                   

 

 

 

 

Grade  Description 
Grade 1 White nuclear signal, normal height bean shape 

nucleus, annular margins well defined, no tears 

Grade 2 Speckled nuclear signal, height reduced <10%, 
distortion of nuclear shape, small radial tears 
not reaching the PLL on axial views 

Grade 3 Speckled or dark nucleus, height reduced by 
10%-50%, radial tears extending up to or torn 
PLL on sagittal/axial views  

Grade 4 Dark nucleus, height reduced by >50%, no 
difference between appearance of annulus and 
nucleus ± complex tears 

Grading component Grade Description 
Disc signal intensity and 
distinction between the 
annulus and nucleus  

I Preserved differentiation of the nucleus pulposus from the 
annulus, homogeneously hyperintense signal of the nucleus 
pulposus 

 II Preserved differentiation of the nucleus pulposus from the 
annulus, hyperintense signal of the nucleus pulposus with a 
horizontal dark band 

 III Mild degeneration, blurred differentiation of the nucleus pulposus 
from the annulus, slightly decreased signal of the nucleus pulposus 
with minor irregularities  

 IV Moderate degeneration, a loss of differentiation of the nucleus 
pulposus from the annulus, moderately decreased signal of the 
nucleus pulposus with hypointense zones 

 V Severe degeneration, a loss of differentiation of the nucleus 
pulposus from the annulus, hypointense signal of the nucleus 
pulposus with or without horizontal hyperintense band 
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Table 48. Grading system for lumbar disc degeneration proposed by Pfirrmann [51]. 

 

Table 49. Grading system for lumbar disc degeneration proposed by Thompson [5]. 

 

 

 

 

Grade Distinction of nucleus and 
annulus 

Signal intensity Height of intervertebral disc 

I Clear Hyperintense, 
isointense to 
cerebrospinal 
fluid 

Normal 

II Clear Hyperintense, 
isointense to 
cerebrospinal 
fluid 

Normal 

III Unclear Intermediate Normal to slightly decreased 

IV Lost Intermediate to 
hypointense 

Normal to moderately decreased 

V Lost Hypointense Collapsed disc space  

Grading components Grade Description 
Disc signal intensity, Disc 
height, and distinction 
between the annulus fibrosis 
and nucleus pulposis  

1 Homogeneous, bright nucleus 
pulposus and homogenous 
dark gray annulus fibrosis 

 2 Horizontal dark bands 
extended across the annulus 
fibrosis 

 3 Diminished signal intensity of 
annulus fibrosis and nucleus 
pulposus indistinguishable 
from the annulus fibrosis 

 4 Further reduced signal 
intensity of the nucleus 
pulposus and some bright and 
dark signals  

 5 Diminished disc height  
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MRI-based grading systems that used disc signal intensity and/or disc height, in combination with 
osteophytes, end-plate changes, modic changes and high intensity zones in the assessment of disc 
degeneration in the lumbar spine 

Table 50. Grading system for lumbar disc degeneration proposed by Battie [52]. 

As reported in Videman [53]. 

 

Table 51. Grading system for lumbar disc degeneration proposed by Battie [54]. 

*Mild, moderate, and severe were described as progressive degrees of abnormality.  

 

 

 

Grading components Grade Description 
Disc height reduction 0 Normal 
 1 Mild* 
 2 Moderate* 
 3 Severe* 

Disc signal intensity 1 Normal 
 2 Mild* 
 3 Severe* 

Disc bulging 0 Normal 
 1 Mild 
 2 Moderate 
 3 Severe 
Anterior osteophytes 0 Normal 
 1 Mild 
 2 Moderate 
 3 Severe 

Schmorl’s Nodes 0 Normal 
 1 Mild 
 2 Moderate 
 3 Severe 

Grading components Grade Description 
Disc height narrowing 0 Normal 
 1 Mild* 
 2 Moderate* 
 3 Severe* 
Disc Bulging 0 Normal 
 1 Mild 
 2 Moderate 
 3 Severe 
 Osteophytes  0 Normal 
 1 Mild 
 2 Moderate 
 3 Severe 
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Table 52. Grading system for lumbar disc degeneration proposed by Battie [55]. 

*Mild, moderate, and severe were described as progressive degrees of abnormality.                                                                                                                                                                                             

 

Table 53. Grading system for lumbar disc degeneration as reported in Bechara [56]. 

Proposed by Benneker [57]. 

Table 54. Grading system for lumbar disc degeneration proposed by Djurasovic [58]. 

 

Grading components Grade Description 
Disc height reduction 0 Normal 
 1 Mild* 
 2 Moderate* 
 3 Severe* 

Disc bulging 0 Normal 
 1 Mild 
 2 Moderate 
 3 Severe 
Anterior osteophytes 0 Normal 
 1 Mild 
 2 Moderate 
 3 Severe 

Schmorl’s Nodes 0 Normal 
 1 Mild 
 2 Moderate 
 3 Severe 

Grading components Grade Description 
T2 Signal Intensity Loss 
 

0 (Healthy)- 3 (Pathologic) Decreased signal intensity  

Nucleus Pulposus Shape 0 (Healthy)- 3 (Pathologic) Abnormal shape of the nucleus 
pulposis  

Modic Changes 0 (Healthy)- 3 (Pathologic) Abnormalities in vertebral 
endplates indicating 
degeneration 

Osteophytes 0 (Healthy)- 3 (Pathologic) Formation of bone spurs, often 
associated with degeneration 

Grading Components Grade  Description 
Disc desiccation Present Not specified  
   
High intensity zone Present Area of increased T2 signal, isointense to 

CSF 

Modic changes Type I Hypointensity on T1-weighted images and 
hyperintensity on T2-weighted images 

 Type II Hyperintensity on T1-weighted images and 
isointensity or slight hyperintensity on T2-
weighted images 

 Type III Hypointensity on both T1 and T2-weighted 
images 
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Table 55. Grading system for lumbar disc degeneration proposed by Frobin [59]. 

 Table 56. Grading system for lumbar disc degeneration as reported in Sambrook [60].  

 Proposed by Jarosz [61]. 
*Mild, moderate, and severe were described as progressive degrees of abnormality.

Nucleus signal Prolapse detected Bone marrow signal 
A No signal loss No prolapse No intensity change 
B No signal loss Prolapse No intensity change 
C No signal loss No prolapse Intensity change 
D No signal loss Prolapse Intensity change 
E Moderate signal loss No prolapse No intensity change 
F Moderate signal loss Prolapse No intensity change 
G Moderate signal loss No prolapse Intensity change 
H Moderate signal loss Prolapse Intensity change 
I Total signal loss No prolapse No intensity change 
J Total signal loss Prolapse No intensity change 
K Total signal loss No prolapse Intensity change 
L Total signal loss Prolapse Intensity change 

Grading components Grade Description 
Disc signal intensity 0 Normal 

1 Mild* 
2 Moderate* 
3 Severe* 

Disc height narrowing 0 Normal 
1 Mild 
2 Moderate 
3 Severe 

Disc bulging 0 Normal 
1 Mild 
2 Moderate 
3 Severe 

Anterior osteophytes 0 Normal 

1 Mild 
2 Moderate 
3 Severe 
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Table 57. Grading system for lumbar disc degeneration proposed by Jiang [62]. 

 

Table 58. Grading system for lumbar disc degeneration proposed by Kilitchi [63]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Grading Components Grade  Description 
Disc signal intensity, disc 
height, herniation and 
osteophytic change 

1 Hyperintense signal in the nucleus, with 
normal disc height 

   
 2 Intermediate signal in the nucleus, with a 

slight decrease in disc height 

 3 Hypointense signal in the nucleus, with a 
decrease in disc height and evidence of disc 
herniation/osteophyte 

 4 Hypointense signal in the nucleus, with a 
collapsed disc height and disc 
herniation/osteophyte  

Radiological (MRI) parameters Score 0 Score 1 Score 2 
Height loss 0 (none) 1 (mild/moderate) 2 (severe) 
Osteophyte formation 0 (none) 1 (mild/moderate) 2 (severe) 
Endplate sclerosis 0 (none) 1 (mild/moderate) 3 (severe) 
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Table 59. Grading system for lumbar disc degeneration proposed by Luoma [64]. 

 

 

 

 

Grading components Grade Description 
Size and shape of the nuclear 
complex 

1 Regular shape, size< 60% of the sagittal 
diameter of the disc 

 2 Regular shape, size >60% of the sagittal 
diameter of the disc  

 3 Irregular shaggy borders, size <60% of the 
sagittal diameter of the disc  

 4 Dark, no clear border with annulus fibrosis  

Border between the outer annulus 
fibrosis and nuclear complex 

1 Smooth, concave border anteriorly and 
posteriorly 

 2 Shaggy or irregular border anteriorly and/or 
posteriorly 

 3 Not distinguishable anteriorly or posteriorly; 
dark nuclear complex 

Homogeneity of annulus fibrosis  1 Homogeneous, regular, dark lamellar 
structure anteriorly and posteriorly 

 2 Inhomogeneous, irregular structure 
anteriorly and/or posteriorly 

 3 No clear border to nuclear complex; dark 
nuclear complex 

Homogeneity of nuclear complex 1 Normal, homogeneous, bright, or light grey 
 2 Inhomogeneous 
 3 Homogeneous, dark 

Regularity of the horizontal 
intranuclear cleft (INC)  

1 None 

 2 Regular thin, grey 
 3 Regular thick, dark 
 4 Irregular thick, dark 
 5 Not distinguishable; dark nuclear complex  

Dark dot in the INC 1 No dot 
 2 Clear dot in the INC 
 3  Not distinguishable; dark nuclear complex  

Defect in the vertebral endplates 1 No clear endplate defect 
 2 Distinct indentation on the vertebral 

endplate with clear-cut edges 
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Table 60. Grading system for lumbar disc degeneration as reported in Boos [65]. 

 Proposed by Eyre [5]. 

 

Table 61. Grading system for lumbar disc degeneration proposed by Thalgott [66]. 
Classification of lumbar degenerative disc disease 

A, anterior column 
Normal T2-weighted signal on MRI 
Lordotic in sagittal plane 
Domed end plates 
Normal density of endplates 
No internal disc disruption/not painful 
No herniation 
No intersegmental motion 
No loss of disc height 
B, anterior column 
Dehydration in T2-weighted signal on MRI, otherwise, normal anatomy 
May have loss of lordosis in sagittal plane 
May have slight sclerosis of endplates 
May have internal disc disruption/may be painful 
May have herniation 
Slight increase in intersegmental motion 
No loss of disc height 
C, anterior column 
Severe dehydration in T2-weighted signal on MRI nonlordotic in sagittal plane 
May have sclerosis of endplates 
Loss of endplate domed shape with irregularity of endplate surface  
Internal disc disruption/painful 
May have herniation 
Increased intersegmental motion 
Loss of disc height 
D, anterior column 
Severe dehydration in T2-weighted signal on MRI 
Neutral to kyphotic in sagittal plane 
Sclerosis of endplates 
Total loss of end plate anatomy 
Total internal disc disruption/painful 
Herniation likely 
No intersegmental motion 
Total collapse of disc space with loss of posterior arch 
May have anterior osteophytes 
E, anterior column 
Sagittal plane translational deformity 
Isthmic/Lytic spondylolisthesis, Grades I-V 

Grading components Grade Description 
Disc signal intensity, 
morphological aspects 
of the nucleus 
pulposis, annulus 
fibrosis and vertebral 
bodies 

I-V Grade I represents a normal 
adolescent disc; grade II, a 
normal adult disc; grades III-V 
represent increasing 
degenerative changes 
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Subcategory of disc A-D 
Motion of segment resulting from pars defect 
Degenerative spondylolisthesis, Grades I-II 
All have Grade C or D discs 
May have end plate-on-end plate contact 
F, coronal plane deformity  
End plate irregularity  
Degenerative aetiology 
All C and D discs 
Osteophytes  
Posterior column 
1 No facet joint degeneration 
2 Facet joint degeneration/no stenosis 
3 Facet joint degeneration with stenosis 
    A Presence of central stenosis 
    B Presence of lateral stenosis 
    C Presence of foraminal stenosis  

 

Table 62. Grading system for lumbar disc degeneration proposed by Tufts [67]. 

This includes both the original and modified system as reported in Burke [68]. 

 

 

Radiographic criteria Description Points assigned by 
original 

classification 

Modified 
classification 

Disc structure and 
brightness 

Presence of a distinct annulus   
fibrosis and nucleus; nucleus 
T2-weighted signal isointense to 
CSF 

0 0 

 Lack of a distinction of annulus 
fibrosis and nucleus pulposus; 
nucleus pulposus T2-weighted 
signal completely hypointense 
to CSF but not completely black 

1 1 

 Lack of a distinction of annulus 
fibrosis and nucleus pulposus; 
nucleus pulposus T2-weighted 
signal completely hypointense 
(black or dark disc) 

2 2 

Modic changes No Type I or Type II changes 0 0 
 Type I or Type II changes 

present 
1 1 

Disc height Greater or equal to 5mm 0 0 
 Less than 5 mm 1 1 

High intensity zone Absent 0 Removed 
 Present 1 Removed 
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Table 63. Grading system for lumbar disc degeneration proposed by Videman [69]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Grading components Grade Description 
Disc height 0-3 0 equalling normal and 1 

through 3 representing 
progressive degrees of 
abnormality  

Disc bulging (anteriorly and 
posteriorly) 

0-3 0 equalling normal and 1 
through 3 representing 
progressive degrees of 
abnormality (if bulging was 
detected both anteriorly and 
posteriorly, the larger of the 
ratings was used 

Disc herniation, high intensity 
zones, osteophytes, upper 
endplate irregularities and 
fatty degeneration of the 
vertebrae  

0-3 0 equalling normal and 1 
through 3 representing 
progressive degrees of 
abnormality 
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MRI-based grading systems that did not specify the grading components used to measure disc 
degeneration   

 Table 64. Grading system for lumbar disc degeneration proposed by Bajpai [70]. 

 

Table 65 Grading system for lumbar disc degeneration as reported in Park [71]. 

 

 Table 66. Grading system for lumbar disc degeneration proposed by Manev [72]. 

 

Table 67. Grading system for lumbar disc degeneration proposed by Hupli [73]. 

 

Table 68. Grading system for lumbar disc degeneration proposed by Sivas [74]. 

 

 

 

 

 

 

 

 

 

 

 

Grading components  Grade 
Not specified 1-5 

Grading components Grade 
Unspecified Degenerative status was classified into five 

grades according to the criteria of Frymoyer and 
Moskowitz  

Grading components Description 
Single level disc degeneration Not specified  
Multi-level disc degeneration Not specified 

Grading components Description 
Disc degeneration Not specified  
  

Grading components Grade 
Unspecified Disc degeneration was graded between 1-5 

whereby grade 1 and 2 were considered normal, 
and grade 3-5 was accepted as the presence of 
degeneration  
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Appendix 4.  Quantitative grading systems for lumbar disc degeneration on magnetic resonance imaging 

MRI-based grading systems that used CSF-adjusted disc signal intensity alone in the assessment of disc 
degeneration in the lumbar spine 

 Table 1. Grading system for lumbar disc degeneration proposed by Aavikko [1]. 

Table 2. Grading system for lumbar disc degeneration as reported in Battie [2]. 

Proposed by Battie [3] 

Table 3. Grading system for lumbar disc degeneration proposed by Ding [4]. 

Table 4. Grading system for lumbar disc degeneration proposed by Jarman [5]. 

Quantitative components Description 
CSF-adjusted disc signal intensity An ellipsoid region of interest (ROI) was digitally 

marked from each nucleus pulposus. As an 
internal reference, the SI of the adjacent 
cerebrospinal fluid was used, resulting in a disc 
to CSF-SI ratio (SINDAHL)  

Quantitative components Description 
CSF-adjusted disc signal intensity Ratio of the mean signal intensity of the entire 

disc to the adjacent CSF signal intensity. 
Calculated by drawing outlines of vertebrae, 
discs, and the adjacent CSF samples  

Grading components Grades 

Quantitative normalised disc signal intensity  
(Gray value and pixels of the nucleus pulposus and 
gray value of CSF in adjoining domains was 
measured. The average relative signal intensity 
was divided into four grades by hierarchical 
clustering analysis) 

0-4

Quantitative components Description 
Normalised disc signal intensity A semi-quantitative measure was derived by using the mean 

voxel intensity in each nucleus pulposus. Then another ROI 
was drawn in the uniform region of the gray matter of the 
spinal cord and the mean intensity was calculated. Then, the 
mean intensity in each disc was divided by the mean intensity 
in the spinal cord gray matter to obtain a metric that can be 
compared across subjects. 
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Table 5. Grading system for lumbar disc degeneration proposed by Luoma [6]. 

 

Table 6. Grading system for lumbar disc degeneration proposed by Lund [7]. 

 

Table 7. Grading system for lumbar disc degeneration proposed by Nagashima [8]. 

The degree of disc degeneration was defined as the mean signal intensity of the 6 intervertebral discs 
from T12-L1 to L5-S1. 

 

 

 

 

 

 

Quantitative components Description 
Computerised analysis of the 
signal intensity of the nucleus 
pulposus  

For signal intensity measurements, the spatially dependent 
inhomogeneity of the signal intensity in the surface coil images 
were corrected by a computerised method. Regions of interest 
above and below the central intranuclear cleft in each nucleus 
pulposus and in cerebrospinal fluid (CSF) in the anterior part of 
the adjacent dural sac behind each vertebra were defined, and 
their signal intensities measured. 

Quantitative components Description 
CSF-adjusted disc signal intensity The signal intensity of the disc was assessed 

quantitatively by a computerised method with a 
region of interest (ROI) marked digitally from 
each nucleus pulposus. As an internal reference, 
the SI of the adjacent CSF was used for a disc to 
CSF-SI ratio. For the ROI of the CSF at every level, 
the area in the anterior dural sac immediately 
posterior to the disc was chosen to exclude the 
effect of the nerve roots. 

Quantitative components Description 
CSF-adjusted disc signal 
intensity 

The intervertebral area was defined as the quadrangle formed by 
the anterior and posterior edges of the upper and lower endplates 
in contact with the intervertebral disc to be measured. A shape 
similar to the intervertebral area but with one fourth of the area 
was drawn. The geometric shape centre of the shape was matched 
to the centre of intensity, and this shape was used as the region of 
interest for measuring intensity of the nucleus pulposus. The signal 
intensity of the nucleus pulposis was expressed as a percentage of 
the intensity of the CSF. 
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Table 8. Grading system for lumbar disc degeneration proposed by Paajanen [9]. 

Disc signal intensity was graded ordinally using a 3-point scale from bright/normal to absent/marked 
degeneration. 

 

Table 9. Grading system for lumbar disc degeneration proposed by Videman [10]. 

 

Table 10. Grading system for lumbar disc degeneration proposed by Videman [11]. 

 

 

 

Grading components Description 
CSF-adjusted disc signal intensity A region of interest (ROI) was determined in the nucleus 

pulposus of each disc from T12-L1 to L5-S1. The disc with 
the highest SI value was regarded as the healthiest in each 
subject and used as a reference point. A relative SI value 
was calculated as a percentage of the reference disc.  

Grading components Description 
CSF-adjusted disc signal intensity Disc signal intensity was measured using a 

midsagittal disc signal, which was adjusted according 
to the signal intensity of an adjacent cerebrospinal 
fluid sample extracted from digital MRI data, using a 
custom-designed image analysis program (Spine 
Examiner)  

Quantitative components Description 
Disc signal intensity Used a ratio of the mean signal strength in the nucleus area to the 

mean in the annulus region. SpIn (for spine insight) were 
conducted, which passed through the centre of the disc between 
the two end plates. Nucleus and annulus regions were defined as 
preset proportions of the axial disc area. The first axial measure, 
Axial SpIn1, was based on the ratio of the mean signal of the central 
75% of the disc area, including the entire nucleus area, to the outer 
annulus region, which was the ring along the perimeter of the disc 
comprising 25% of the total disc area. One was subtracted from the 
ratio and then multiplied by 10 to create informative scores.  
 
Axial SpIn2 was constructed to determine if weighting regions of 
the nucleus and inner annulus equally would improve 
measurement. The central 25% of the total disc area represented 
the nucleus, the ring along the perimeter of the disc comprising 
25% of the total disc area represented the outer annulus, and the 
intermediate area comprising 50% of the disc represented the inner 
annulus. The mean signal of each was divided by the mean signal 
strength of the outer annulus, and one was subtracted. The scores 
for each region were averaged and then multiplied by 10. 
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MRI-based grading systems that used quantitative disc height alone in the assessment of disc 
degeneration in the lumbar spine 

Table 11. Grading system for lumbar disc degeneration proposed by Luoma [6]. 

 

Table 12. Grading system for lumbar disc degeneration as reported in Hancock [12]. 

Proposed by Battie [2]. 

 

Table 13. Grading system for lumbar disc degeneration proposed by Jarman [5]. 

Quantitative components Description 
Disc height index  The proximal and distal vertebral body height and 

intervertebral height were measured from the anterior, 
middle, and posterior portions of each respective disc level 
on T2 images. The measurements were performed on the 
midsagittal slice. The corners of the vertebral bodies and the 
midpoints of the endplates were marked. The measurement 
lines were drawn between those landmarks and distance 
measurements were taken 

 

 

 

 

 

 

 

 

 

 

Quantitative components Description 
Disc height The anterior and posterior heights of the intervertebral discs 

were measured in the middle line of the disc from the proton 
density-weighted sagittal images. The shortest distance 
between the anterior and posterior edge of the neighbouring 
end plates was measured with MRI software. Their mean-
distance was considered to represent the disc height 

Quantitative components Description 
Disc height Quantitative height was obtained from the midsagittal section 

by dividing the disc area contained between the theoretical 
vertebral borders (corners) by the diameter of the area 
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MRI-based grading systems that used quantitative measurements of disc bulging in the assessment of disc 
degeneration in the lumbar spine 

Table 14. Grading system for lumbar disc degeneration proposed by Harada [13]. 

Table 15. Grading system for lumbar disc degeneration proposed by Luoma [14]. 

Quantitative components Description 
Anterior and posterior bulge of the 
intervertebral disc 

The magnitude of disc bulges was measured in 
the middle line of the disc from the proton 
density-weighted sagittal images. A bulge of 
≥3.2 mm was considered positive for 
degenerative disc disease 

Quantitative components Description 
Disc bulge ratio using the disc area Disc areas were measured and the average of 

the four-disc areas were used as a disc area. Two 
lines connecting the middle points of the 
anterior and posterior borders of two adjacent 
vertebral bodies were drawn. The anterior and 
posterior areas protruding from these lines were 
measured. The average was obtained of the 
protruding areas in the four discs and used as a 
bulging disc area. The disc bulge ratio was 
calculated from the ratio of the bulging disc area 
and disc area 
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MRI-based grading systems that used CSF-adjusted disc signal intensity, and quantitative disc height in 
the assessment of disc degeneration in the lumbar spine 

Table 16. Grading system for lumbar disc degeneration proposed by Bechara [15]. 

Discs were segmented according to atlas-based segmentation using fuzzy c-means algorithm. 

 

Table 17. Grading system for lumbar disc degeneration as reported by Salamat [16]. 

CSF adjusted disc signal intensity and disc height as proposed by Battie [3].                                                                                                 

 

 

Quantitative components Description 
Disc area Percent area parameter for each disc was 

calculated as the area of that disc divided by the 
sum of all disc areas in that subject  

Sum of pixel intensities Calculated as a percentage of the total sum 
intensity across all discs for each subject 
respectively 

MRI index parameter This was calculated as a product of the disc’s 
area and sum intensity. Lower values indicate a 
degenerated disc while higher values indicate a 
healthy disc 

Quantitative components Description 
Disc signal intensity 3 different measures of disc signal intensity were used. A raw disc 

signal intensity measure, a ratio adjusted for brightness of CSF at 
the same level, and a ratio adjusted for brightest level of CSF at any 
of the 5 spinal levels. Raw signal intensity was recorded for each 
disc area as defined above for measurement of disc height. Ratio 1 
was calculated by dividing the raw disc signal intensity for each 
vertebral level by the signal intensity of the CSF at the adjacent 
level. Ratio 2 was calculated by dividing the raw disc signal intensity 
by the signal intensity of the most intense CSF at any of the 5 spinal 
levels.  

Disc height 3 different measures of disc height were used. A raw disc height 
measure, a ratio adjusted for each person’s height, and a ratio 
adjusted for height of the vertebral body about the disc. Raw disc 
height was measured by dividing the disc area by horizontal length. 
Disc area was defined by using the freehand region of interest 
measurement tool and tracing around the disc starting along the 
anterior longitudinal ligament. Ratio 1 was calculated by dividing 
the raw disc height for each vertebral level by the total body height 
of the participant. Ratio 2 was calculated by dividing the raw disc 
height by the height of the vertebral body above the disc. The 
height of the vertebral body above was calculated in a similar 
matter to disc height 
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Table 18. Grading system for lumbar disc degeneration proposed by Su [17]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Quantitative components Description 
CSF adjusted disc signal 
intensity 

The intervertebral disc signals in the anterior, middle, and posterior 
regions of the nucleus pulposus were measured and averaged and 
further adjusted by the adjacent CSF signal  

Disc height*  Disc height was defined as the average of the anterior, middle, and 
posterior heights of the nonconvex portion of the disc 
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MRI-based grading systems that used CSF-adjusted disc signal intensity, quantitative disc height, and 
quantitative measurements of disc bulging in the assessment of disc degeneration in the lumbar spine 

Table 19. Grading system for lumbar disc degeneration as reported in Hu [18]. 

Proposed by Battie [3]. 

 

Table 20. Grading system for lumbar disc degeneration proposed by Feng [19]. 

 

 

 

 

 

 

 

Quantitative components Description 
CSF-adjusted disc signal intensity  Ratio of the mean signal intensity of the entire 

disc to the adjacent CSF signal intensity. 
Calculated by drawing outlines of vertebrae, 
discs, and the adjacent CSF samples  
 

Disc height  Mean of the four height measurements:                  
1) Anterior corners of the adjacent vertebrae, 2) 
posterior corners of the adjacent vertebrae, 3) 
distances on either side of the nucleus 
 

Disc bulging Relative degree was indicated by measuring disc 
width at its centre point. Computer drawn lines 
based on a standard algorithm  

Quantitative components Description 
CSF-adjusted disc signal intensity The mean disc signal intensity was acquired by 

defining a ROI for the intervertebral disc, which 
was further adjusted for adjacent CSF signal 
intensity  

Disc height Disc height was defined as the mean of anterior, 
middle, and posterior height of the 
intervertebral disc 

Disc bulging  Disc bulging, which includes anterior and 
posterior bulging, was measured as the area of 
the portion of the disc that exceeds the anterior 
and posterior edges of vertebral bodies 
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 Table 21. Grading system for lumbar disc degeneration proposed by Huang [20]. 

Signal intensity was measured pixel by pixel in a defined ROI and thus, there are mean and standard 
deviation for signal intensity measurement  

 Table 22. Grading system for lumbar disc degeneration proposed by Lu [21]. 

Acquired on a mid-sagittal T2W MR image. 

Category Parameter 
Diameter Superior vertebra diameter 

Middle vertebra diameter 
Inferior vertebra diameter 
Middle disc diameter 

Height Anterior vertebra height 
Middle vertebra height 
Posterior vertebra height 
Anterior disc height 
Middle disc height 
Posterior disc height 

Area Vertebra area 
Disc area 
Anterior disc bulging area 
Posterior disc bulging area 

Signal Mean vertebra signal intensity 
SD of vertebra signal intensity 
Mean disc signal intensity  
Mean signal of adjacent CSF 

Quantitative components Description 
Disc height Disc height was defined as the mean of anterior, 

middle, and posterior heights of the non-convex 
portion of the disc 

Disc bulging Disc bulging included anterior and posterior 
bulging, which was measured as the area of the 
disc that exceeded the anterior or posterior 
edges of the adjacent vertebral bodies 

CSF-adjusted disc signal intensity Disc signals were sampled in the anterior, 
middle, and posterior regions of the nucleus 
pulposus, which were averaged and further 
adjusted using adjacent CSF signal  
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Table 23. Grading system for lumbar disc degeneration proposed by Luoma [22]. 

 

 Table 24. Grading system for lumbar disc degeneration proposed by Oktay [23]. 

 

Table 25. Specialised quantitative MRI techniques and sequences  

 

 

 

 

 

 

 

 

 

 

 

 

Quantitative components Description 
CSF-adjusted disc signal intensity  The signal intensity of each nucleus pulposus 

was quantified by comparing it with 
cerebrospinal fluid.  

Disc height The means of the anterior and posterior heights 
were called disc heights 

Disc bulging A bulge measuring ≥3.2mm was considered a 
positive finding  

Quantitative components Description 
Automation and computer 
aided grading for intensity, 
planar shape, and herniation 

A novel method for automated diagnosis of degenerative disc 
disease using midsagittal MR images. The discs are first localised 
and segmented. Then, intensity, shape, context, and texture 
features of the discs are extracted with various techniques. A 
Support Vector Machine classifier is applied to classify the discs as 
normal or degeneration.  The segmentation used planar shape (disc 
height), intensity (CSF adjusted signal intensity), and shape 
(herniation) 

Quantitative components Description 
Disc signal intensity A clustering of grading systems that measure the water content and 

tissue composition within the disc using specific techniques and 
sequences. These commonly included T1 and T2 mapping and 
relaxation techniques. 
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CHAPTER 3.  TESTING THE PREDICTIVE VALIDITY OF FIVE MRI-BASED GRADING 

SYSTEMS FOR LUMBAR DISC DEGENERATION 

3.1 PREFACE 

In Chapter 2 a substantial number of different grading systems for lumbar DD were identified, many of 
which were used to make associations with LBP. The systems used different grading components, 
different methods of synthesis and varied in the ways they were summarised for analysis, potentially 
resulting in different results when drawing conclusions about LBP outcomes. The predictive validity of 
different grading systems was not clearly assessed and may be influenced by the variability identified in 
the grading and analysis of these systems. It is currently unclear which grading system is the most 
predictive of LBP. Chapter 3 will investigate the predictive validity of the most commonly identified 
grading systems in their ability to predict an episode of recurrent LBP. These systems will be compared 
against new normalised quantitative measures to see if they have stronger associations with LBP 
outcomes. 

The study presented in Chapter 3 has been submitted for publication to The Journal of Orthopaedic 

Research (Spine) as: 

Esposito D, Hancock M, Brown BT, King S, Jenkins H. Testing the predictive validity of five MRI-based 

grading systems for lumbar disc degeneration. 

The study is presented in the format of the submitted manuscript. 

An ethics amendment for the study presented in Chapter 3 was obtained to add D.E as an investigator to 

a previously approved ethics application. This was completed through the Macquarie University Human 

Research Ethics Committee on the 21st of March 2023; Reference number: 52023580946889 (Appendices: 

Appendix 1) 
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3.4 ABSTRACT 

Background: Lumbar disc degeneration (DD) is commonly associated with low back pain (LBP); however, 

the relationship remains uncertain, potentially due to differences in the way DD has been measured 

across studies. A valid measure of DD is needed to accurately measure the extent of DD. This study aimed 

to assess the predictive validity of different methods of measuring DD including qualitative, quantitative 

and new normalized measures.  

Methods: The study used de-identified data from 76 participants who had recovered from LBP. Magnetic 

resonance imaging (MRI) scans of the lumbar spine were performed and assessed at baseline and 

participants were followed for one-year to assess if a recurrence occurred. Multivariate Cox regression 

survival analysis evaluated the predictive validity of five MRI-based grading systems, using separate cox 

regression models for both the average and worst summary measures.  

Results: The analysis demonstrated no differences in the predictive validity of the five DD grading systems 

in regard to LBP recurrence; however, variations in the point estimates suggested that the grading 

components, normalization and method of analysis appeared to influence the direction and magnitude of 

effect between DD and LBP recurrence. 

Conclusion: No difference in the predictive validity of different grading systems for DD was observed. 

However, the components used to grade DD, normalization and how the grading system was summarized 

for analysis may influence the measurement of associations with clinical outcomes of LBP. Standardization 

of a grading system measure for DD is therefore recommended.  

Keywords: “recurrence”, “disc degeneration”, “grading system”, “disc height”, “disc signal intensity”, 

“quantitative measures”, “predictive validity”, “normalization” 
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3.5 INTRODUCTION 

Lumbar disc degeneration (DD) is one factor that may contribute to the development or recurrence of low 

back pain (LBP). While magnetic resonance imaging (MRI) findings of DD are seen in both symptomatic 

and asymptomatic populations, these changes are more common in patients with LBP1-3. Research 

investigating whether DD is a predictor for future LBP is limited, and the relationship remains uncertain4,5. 

This may, in part, be due to the difficulties associated with measuring changes to the intervertebral disc 

(IVD) using MRI6.  

The most common MRI methods for grading DD typically employ ordinal-based scales that combine visual 

assessment of disc signal intensity (DSI), disc height (DH) and structural changes to the IVD (e.g., 

distinctiveness between the boundary between the annulus fibrosis and nucleus pulposus) to grade DD7,8. 

The Pfirrmann classification is the most commonly used method, whereby DD is graded on a scale 

between I and V8. Although straightforward to implement, these subjective classification systems are 

limited by relatively poor inter-rater reliability, validity concerns and lack of sensitivity to change7-9.  

Quantitative grading systems represent a more reliable measure of DD compared to subjective 

approaches, as they can be used to measure IVD changes more objectively. For example, quantitative 

systems do not rely on visual assessments of DD as do subjective methods, but rather they measure 

changes to the IVD on a continuous scale using distance between structures and brightness10,11. Most 

quantitative grading systems focus on the measurement of DSI and/or DH to assess DD, as structural 

changes to the IVD are difficult to quantify12-15. Although DSI and DH can be reliably measured, these 

measures may be susceptible to the influence of intrinsic (e.g., age, and disc level) and extrinsic (e.g., MRI 

sequence) factors. The added noise introduced by these factors may impact upon the validity of these 

measures, which may potentially influence the grading system’s ability to measure the true extent of the 

underlying degeneration16. In a recent study by King et al16, a normalization process, controlling for 

intrinsic and extrinsic factors, was developed in an attempt to overcome this noise and improve validity. 

Quantitative measures of DSI and DH were adjusted for factors such as age, cerebrospinal fluid (CSF), 

vertebral body height and disc level in the assessment of DD. It was found that normalized quantitative 

measures markedly changed where an individual was placed within the distribution of DD severity16. The 

findings of this study suggest that normalized measures of DSI and DH may be a more valid measure of 

DD.  

The way in which subjective and quantitative grading systems are summarized for analysis is highly 

variable between different studies and may account for some of the variability in LBP research. For 

example, a study by Lund17 found no association between DSI and LBP when using the grade of the 

worst/most degenerated disc in adolescents. In contrast, a study by Erkinatalo et al18 measured DSI using 

a dichotomized summary measure, and showed a positive correlation between DD and LBP. These 



examples highlight that the way in which grading systems are summarized for analysis may explain some 

of the inconsistencies that have been identified when investigating the association between DD and LBP. 

If a valid method of grading and analyzing DD can be established, more robust estimates of the association 

between DD and LBP can be made. 

To more clearly understand the relationship between DD and LBP, it is important to identify grading 

systems and methods of analysis that are clinically relevant. How well a grading system predicts LBP, 

identifies favourable responses to treatment and distinguishes between patients with and without LBP 

are all clinically relevant outcomes. In this study, the predictive validity of the most commonly used 

subjective and quantitative grading systems were tested, including new normalized quantitative measures 

of DSI and DH. The systems were assessed to look for differences in their ability to predict a recurrence of 

LBP using an existing dataset reporting LBP recurrence.  

The aims of this study were to assess: i) the predictive validity of five different MRI-based grading systems 

for DD in the lumbar spine (raw quantitative measures of DSI, raw quantitative measures of DH, 

normalized quantitative measures of DSI, normalized quantitative measures of DH and the Pfirrmann 

classification) for predicting a future recurrence of LBP and: ii) whether normalized quantitative measures 

of DSI and DH are different to raw quantitative measures of DSI and DH in predicting a recurrent episode 

of LBP. 

3.6 MATERIALS AND METHODS 

Study design and participants 

This study used de-identified data from a previous observational study19 investigating 76 participants who 

had recently recovered from an episode of LBP. At baseline, MRI scans of the lumbar spine were 

performed on all participants19. Participants also completed questionnaires detailing potential risk factors 

for recurrence, including age and the number of previous episodes19. The MRI scans were assessed for DD 

using the Pfirrmann classification19, raw quantitative measures of DSI and DH16 and normalized 

quantitative measures of DSI and DH16. Participants were subsequently monitored every two months over 

a period of one year to determine if and when they had a recurrence of LBP19.  No additional information 

was gathered for this secondary analysis.

Participants were included if they had recently recovered from an episode of acute, non-specific LBP 

lasting more than 24 hours19. Participants were excluded if they had a contraindication to MRI, had 

undergone previous spinal surgery or were unable to complete the primary electronic follow-up either 

through text message or email19. No further exclusion criteria were applied for this secondary analysis. 

This study was approved by the Macquarie University Human Ethics Committee (Ref 

No:52023580946889). 
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Imaging process 

All MRI images were taken using a single high-field strength, 3.0 T, Siemens, Magnetom Verio system 

(Siemens Australia, Victoria, Australia), equipped with a multichannel phased array spine surface coil19. A 

standardized imaging protocol was implemented for all participants19. This included sagittal fast spin echo 

T1 (TR 650ms, TE 6.3ms) and T2 (TR 4500 ms, TE 101 ms), sagittal short tau inversion recovery (STIR) (TR 

3800 ms, TE 35 ms, TI 215 ms), and axial T2 (TR 5000 ms, TE 116 ms) scans19. All sequences had a thickness 

of 4mm and an interslice space of 1mm19. The sagittal sequences utilized a 320mm field of view (FOV), 

while axial sequences utilized a 200-mm FOV19.  

Predictor variables (measures of DD) 

Five different grading systems for DD were previously performed on all disc levels and used as predictor 

variables in the current study, as described in Table 1. These included: i) raw quantitative measures of 

DSI; ii) normalized quantitative measures of DSI; iii) raw quantitative measures of DH; iv) normalized 

quantitative measures of DH; and v) the Pfirrmann classification.   

Collection of quantitative raw, and normalized measures, and Pfirrmann scores 

Raw quantitative MRI measures of DSI and DH were obtained from all five levels of the lumbar spine 

across the 76 MRI scans (380 measurements in total)16. The measurements were taken using a midsagittal 

view and reported by a researcher16. The researcher underwent training with an experienced radiologist 

and MRI data extraction commenced only after the researcher exhibited high levels of intra-rater 

reliability (ICC)16.  

Patient specific variables, as described in Table 2, were used to normalize the raw quantitative measures 

of DSI and DH16. In a previous study, a normalization process was undertaken to create Z-scores for each 

individual lumbar spine level (L1-L5)16. Full details of the normalization process have been published 

previously16. 

The Pfirrmann scores were graded by an experienced radiologist for each individual lumbar level (L1-L2 

to L5-S1)19. The radiologist adhered to a standardized protocol and was given detailed instructions for 

how to score DD changes19.  

Summary measures: 

Summary measures for analysis were created for each of the five grading systems to enable evaluation of 

the predictive value for a recurrence of pain for each individual. For each grading system we used two 

summary measures: 1) the average score across all lumbar levels and 2) the worst score at any lumbar 

level.  
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Raw and normalized quantitative measures of DSI and DH were recoded so that a higher score always 

indicated a greater severity of DD across all predictors (DSIi and DHi), to optimize interpretation of 

findings.  

Outcome measure: 

The primary outcome was the time (in days) to a recurrent episode of LBP as per the original study. 

Recurrence was defined as “the return of LBP lasting at least 24 hours with a pain intensity of 3 or more 

on a 0-10 numerical pain rating scale that also caused at least moderate impact on daily activity”19.  

Statistical analysis 

Multivariate Cox regression survival analysis was used to estimate the predictive validity of each of the 

five grading systems in SPSS (version 29)20. One non-MRI variable (previous number of episodes of LBP) 

was also added as a confounder in the model. This additional confounder was selected as it is the strongest 

known predictor of a recurrence of LBP19,21.  

For each of the five grading systems, separate Cox regression models were built for both the average and 

worst summary measures using SPSS (version 29)20. A concordance statistic was computed in R (version 

4.2.3)22 to assess the discrimination, or predictive value, of each of the models in predicting a recurrent 

episode of LBP. The hazard (HR) and 95% confidence interval (95%CI) was calculated to assess the 

direction and magnitude of effect of the association between DD and LBP recurrence. A HR of >1 indicated 

an increased risk of a recurrence of LBP with increasing DD, while a HR of <1 indicated a decreased risk. 

To assess whether normalized measures of DSI and DH are different to raw measures of DSI and DH in 

predicting a recurrent episode of LBP, we specifically compared the results between normalized and raw 

measurements for the same measure of DD (e.g., DSI). Due to the small sample size, the focus was on the 

concordance statistic and effect size estimates, rather than statistical significance. The analysis was 

descriptive in nature as the HRs and concordance statistics for each of the models were not formally 

compared. The syntax used in SPSS and R is presented in Appendix 1.  

3.7 RESULTS 

Participant characteristics 

Most of the participants were male (61%) and had a mean age of 45 years19. Of the 76 participants, 29 

(38%) experienced an episode of activity limiting LBP, or recurrence, during the one-year follow-up period 
19. Baseline characteristics are described in Table 3.  
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Intra-rater reliability of raw quantitative measures and Pfirrmann classification 

The intra-rater reliability of  raw quantitative measures of DSI and DH were excellent for all measurements 

(ICC = ≥0.95)16. The intra-rater reliability of the primary MRI findings, which included the Pfirrmann 

classification ranged from good to fair19.  

Disc degeneration grading systems as predictors of  recurrence of low back pain 

The predictive validity of the ten models are summarized in Table 4. The concordance statistic showed 

similar levels of discrimination between the ten models (Range: C= 0.637-0.679), with no apparent 

differences when comparing raw and normalized measures for both DSI and DH.  

None of the ten DD models showed statistically significant associations with recurrence of LBP based on 

HRs. However, the point estimates and the direction of effect varied substantially between some of the 

different models. For example, the point estimate for raw DHi (average across all levels) suggested slightly 

increased risk of LBP recurrence with DD (HR 1.08, 95% CI 0.74-1.59), while the point estimate for 

normalized DHi suggested decreased risk (HR 0.68, 95% CI 0.38-1.21). The point estimates for DSIi also 

appeared different for raw (HR 1.00, 95% CI 0.99-1.01) and normalized values (HR 1.39, 95% CI 0.78-2.47). 

The use of different summary measures for DD also influenced the direction of effect. For example, when 

normalized DHi was graded using an average across all spinal levels, there was a HR of 0.68 (95% CI 0.38-

1.21), indicating a decreased risk of LBP recurrence. In contrast, a HR indicating slightly increased risk of 

LBP recurrence was calculated when the worst score at any spinal level was used (HR of 1.09, 95% CI 0.68-

1.75). This was the same for the Pfirrmann classification with a HR of 0.85 (95% CI 0.46-1.58) for the 

average score across all spinal levels, compared to a HR of 1.02 (95% CI 0.66-1.58) when the worst score 

at any level was used.  

The grading components used to measure DD also influenced the direction of effect, with different 

directions of effect between the Pfirrmann classification (HR of 0.85, 95% CI 0.46-1.58) that used multiple 

components for grading (DSI, DH, and the distinction of the annulus-nucleus boundary) compared to 

normalized DSIi  (HR 1.39, 95% CI 0.78-2.47) when an average across all levels was used.  

3.8 DISCUSSION 

Summary of key findings 

We assessed the predictive validity of five different MRI-based grading systems for DD (using ten models) 

in predicting a recurrence of LBP. The concordance statistics were similar for each of the models assessed. 

In addition, no differences in the concordance statistic were seen when raw versus normalized measures 
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of DSI and DH were used. These findings suggest that no one grading system, including new normalized 

measures, had superior predictive value in respect to assessing the recurrence of LBP.  

Although there were no differences observed in overall predictive value according to the concordance 

statistics, some potentially important results were highlighted by the effect estimates (HRs) for the 

different measures of DD. For example, both normalized measures of DSI showed a suggested higher risk 

of LBP recurrence compared to the raw quantitative measures of DSI. This result may indicate that the 

normalization of raw quantitative measures of DSI may increase the strength of the association between 

DD and LBP recurrence. However, wide confidence intervals, likely due to the small sample size, highlight 

the uncertainty in these estimates. 

The selection of different summary measures (average versus worst), and the number of grading 

components, also appeared to influence the strength and direction of association with LBP recurrence. 

Using DH and the Pfirrmann as an example, the direction of effect changed depending on whether an 

average score across all spinal levels or the worst score at any spinal level was used. The grading 

component used to assess DD also changed the direction of effect, with systems that used multiple 

grading components (Pfirrmann) showing a different direction of effect compared to those based solely 

on DSI. Overall, these findings suggest that the grading components (DSI, DH and structural changes), 

normalization process and the summary approach for analysis may have an impact on the predictive 

validity of DD grading systems. 

Comparison to previous literature 

Our study identified that the method of analysis of a grading system for DD, specifically the chosen 

summary approach, may affect the predictive validity for recurrence of LBP. In the current literature, there 

is substantial heterogeneity in the way grading systems are summarized for analysis (e.g., the summary 

measures used), in studies investigating the relationship between DD and future LBP23. When associations 

between LBP and DD are made, a range of different thresholds for the presence and absence of DD are 

used, which may impact the accuracy of estimates of the association. For example, Dragsbaek et al23 found 

that the association between DD and LBP was highly dependent on different definitions and thresholds 

for what constitutes DD. This study differed from ours in that our outcome was a recurrence of LBP while 

Dragsbaek et al23 used the year in which the patient had LBP. We also included normalized measures of 

DD as well as quantitative and qualitative measurements.  

Among the five measures of DD that we explored, the Pfirrmann was unique in that it was the only system 

that combined measurements of DSI, DH and assessment of structural components of the IVD to measure 

DD. As no single measure displayed clear superiority, it remains relatively unclear if measures that use

multiple grading components are better than grading systems that utilize single features such as DSI and



DH. Previous studies have investigated the relationship between quantitative measures of DSI and DH 

with the Pfirrmann classification, with one study identifying a strong association between quantitative 

measures and Pfirrmann6. The authors found that quantitative measures of DSI were strongly associated 

with Pfirrmann scores, except between grades of four and five, while DH was only associated with more 

severe degeneration on Pfirrmann6. Importantly, the study did not normalize the quantitative measures.  

Strengths and limitations 

The main strength of this study was the inclusion of data from a previously conducted study that used 

quantitative grading systems, including new normalized quantitative measures to grade DD. Quantitative 

measures demonstrate high reliability and have the potential to provide a better understanding of the 

importance of DD in LBP outcomes. The use of a LBP-specific definition of recurrence was also an 

important strength, as it is likely that the predictive validity of the system is influenced by the definition 

of recurrence that is used. 

The key limitation of the study was the small sample size, meaning that potentially important differences 

between the discrimination of the grading systems may not have been captured. Equally the uncertainty 

in differences we identified in effect estimates (HRs) based on the grading components, normalization 

and summary measures used for analysis may also have been due to the small sample size.  It is 

important to note that the study population of the original study was not representative of the LBP 

population generally. Further, some of the participants only experienced a couple of episodes of pain 

recurrence. As a result of this, there is a chance that some episodes of recurrence might have been 

missed during the follow up period in the original study.

When assessing future LBP and the potential factors that may predict future episodes, a range of other 

factors must be considered. Within this study, only the number of previous episodes of recurrence was 

considered as a non-MRI predictor variable within the regression models. Other factors could include  

the occurrence of new MRI findings at a similar time to a pain recurrence, the effects of conservative 

management administered during an episode of LBP prior to inclusion within the study or the level of 

understanding and knowledge by the patient of degenerative changes such as DD on MRI.
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Implications 

The findings of our study indicate that the grading system components, normalization process and 

method of analysis likely impact the predictive validity of a grading system for DD. It is reasonable to 

suggest that the selection of the components used for grading, and the way in which systems are 

summarized for analysis, do matter when measuring the true association between DD and future LBP. 

The use of different grading components, as well as different summary methods, may explain some of 

the variance in the studies that have investigated this association previously. It is important to identify 

the most valid grading system/s as this will improve our understanding of the true association between 

DD and LBP. The use of different thresholds when measuring DSI and DH quantitatively may also be 

important when determining whether one grading system is more valid than another, but this was not 

explored in the current study. 

When looking more closely at the difference between raw and normalized measures of DSI, preliminary 

findings showed that a normalized measure of DSI may be more clinically relevant (i.e., showed a 

stronger HR effect size) compared to their raw DSI measures. Considering these potential differences, 

normalization may be important in creating more valid quantitative grading systems.  

Future directions 

The association between DD and LBP is complex, and further investigation is required to explore if 

different grading systems increase the strength of association between DD and LBP recurrence. 

Normalized grading systems need to be tested in larger, high-quality studies to determine whether they 

are more predictive of future LBP compared to raw quantitative measures of DSI and DH, and thus 

whether they have improved predictive validity. Future studies should also investigate the validity of 

grading systems for DD in relation to other clinically relevant outcomes such as identifying favourable 

outcomes for treatments of LBP, and whether different grading systems are better at distinguishing 

between individuals with or without LBP. This study only investigated one form of validity. An assessment 

of the other types of validity is also required. 

3.9 CONCLUSION 

This study tested the predictive validity of five different MRI-based methods of measuring DD for 

predicting a recurrence of LBP. Our preliminary findings suggest that the components that make up a 

grading system, whether measures have been normalized and the method of analysis may impact the 

predictive validity of a grading system for DD. Studies involving larger cohorts are however required to 

determine whether this is the case. 
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3.11 TABLES  

Table 1. Magnetic resonance imaging grading system predictors including method of initial scoring and 

summary measures used 

DD grading system predictors Method of scoring Summary measure  
Raw quantitative DSI Measured as the mean signal 

intensity within the disc at each 
lumbar level (L1-L5)(16) 

Worst score at any lumbar level 
(L1-L5) 
Average score across all five 
lumbar levels 

Normalized quantitative DSI Measured as the mean signal 
intensity within the disc at each 
lumbar level (1-5), transformed 
into a z-score through 
normalization formula for each 
lumbar level (L1-L5)(16) 

Worst score at any lumbar level 
(L1-L5) 
Average score across all five 
lumbar levels 

Raw quantitative DH Measured as the mean anterior, 
middle, and posterior disc height 
for each lumbar level (L1-L5)(16) 

Worst score at any lumbar level 
(L1-L5) 
Average score across all five 
lumbar levels 

Normalized quantitative DH Measured as the mean anterior, 
middle, and posterior disc height 
for each lumbar level (1-5), 
transformed into a z-score through 
normalization formula for each 
lumbar level (L1-L5)(16) 

Worst score at any lumbar level 
(L1-L5) 
Average score across all five 
lumbar levels 

Pfirrmann classification Rated on the Pfirrmann scale 
between I and V for each lumbar 
level (L1-L5)(19) 

Worst score at any lumbar level 
(L1-L5)  
Average score across all five 
lumbar levels 

DSI: Disc signal intensity, DH: Disc height 
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Table 2. Normalization variables for disc signal intensity and disc height(16) 

DSI: Disc signal intensity, DH: Disc height, CSF: Cerebro-spinal fluid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Normalization variables for DSI Normalization variables for DH 

CSF signal intensity (mean signal intensity of CSF 
region with a minimum area of 1cm2) 

Lumbar height (sum of means of anterior, middle and 
posterior L1-L4 and L4-S1 heights (mm) 

Age (years) Disc level (level of the disc between L1-L2 and L5-S1) 

Disc level (level of the disc between L1-L2 and L5-S1)  



162 

  

Table 3. Baseline characteristics and variable data 

DSI: disc signal intensity, DH: disc height, SI: signal intensity, mm: millimeters 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable Participants (n=76) 
Age, mean (SD), y 45.6 (12.8) 
Male gender, n (%) 46 (60.5) 
Number of previous episodes, median (IQR) 2.5 (1-7.8) 
Raw quantitative DSI, mean (SD) 142 SI (53 SI ) 
Raw quantitative DH, mean (SD) 9.9mm (1.8mm) 
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Table 4. Multivariate hazard ratios (HRs) for disc degeneration grading system predictors of a recurrence 

of low back pain 

Predictor variable Scoring method  
Average score across 
all spinal levels (1-5)                             

Recurrence of LBP: HR 
(95% CI) 

Concordance 
statistic                

Scoring method   
Worst score at any 

spinal level (1-5)                   
Recurrence of LBP: 

HR (95% CI) 

Concordance 
statistic                

Raw quantitative 
DSIi 

1.00 (0.99-1.01) 0.672 1.00 (0.99-1.01) 0.657 
 

Normalized 
quantitative DSIi 

1.39 (0.78-2.47) 
 

0.660 1.27 (0.72-2.23) 0.642 
 

Raw quantitative 
DHi 

1.08 (0.74-1.59) 0.651 
 

0.91 (0.66-1.24) 0.679 

Normalized 
quantitative DHi 

0.68 (0.38-1.21) 0.653 1.09 (0.68-1.75) 0.637 

Pfirrmann 
classification  

0.85 (0.46-1.58) 0.679 1.02 (0.66-1.58) 0.671 

DSIi: Disc signal intensity (inversed), DHi: Disc height (inversed) 
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3.12 SUBMITTED SUPPLEMENTARY MATERIAL  

Appendix 1. SPSS and R Script syntax for each separate Cox regression model for both the average and 
worst summary measures 
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CHAPTER 4 DISCUSSION AND CONCLUSIONS 
4.1 PREFACE 

The primary aim of this thesis was to identify and describe MRI-based grading systems for lumbar DD and 

to assess the predictive validity of five of these systems in predicting a recurrent episode of LBP. A 

scoping review was performed (Chapter 2) to describe the most common grading systems, their 

methods of synthesis and the measurement properties assessed. The predictive validity of five different 

grading systems for DD, including the preliminary analysis of new normalised measures were assessed in 

Chapter 3.  

4.2 MAIN FINDINGS 

4.2.1 GRADING SYSTEMS FOR DISC DEGENERATION ARE NUMEROUS AND USE HETEROGENOUS 

GRADING COMPONENTS AND METHODS OF SYNTHESIS  

In Chapter 2 a scoping review was performed to identify and describe different MRI-based grading 

systems for DD in the lumbar spine. The review identified 569 studies reporting on 93 individual grading 

systems for DD. Of these, 63 were subjective, 25 were quantitative and five were unspecified. The 

subjective system proposed by Pfirrmann [1] was used in more than half of the reports of MRI-based 

grading systems. The review did not identify any studies that systematically normalised quantitative DD 

scores to account for intrinsic factors such as age, disc level and vertebral body height.  

There was a large variety of different grading components used to grade DD in the included studies. 

Subjective systems most commonly included combinations of DSI, DH and the distinctiveness of the 

annulus-nucleus boundary to grade DD. Quantitative grading systems typically assessed DD by measuring 

DSI with specialised MRI techniques and sequences. 

A number of different methods were used to synthesise the DD measures for analysis. A dichotomous 

summary measure was frequently used in reports of subjective grading use, with data commonly collected 

at an ordinal level before being transformed into a dichotomous variable at each level. The thresholds for 

dichotomisation were not consistent between studies. Over 60% of subjective and quantitative systems 

were measured at each individual level of the lumbar spine. When analysis was required across multiple 

levels (e.g., using the system to measure patient level outcomes such as LBP),  subjective grading systems 

synthesised DD measures as the sum of all spinal levels, or as the worst score at any level. It was 

uncommon for quantitative grading systems to measure DD using summary measures, as the systems 

were rarely used to measure patient level outcomes. 

A variety of measurement properties were assessed across the different grading systems. Intra-rater and 

or inter-rater reliability was assessed in approximately one-third of reports of grading system use. In 
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regard to the measurement of validity, subjective systems commonly reported measured associations 

between DD and other clinical variables such as other imaging findings (degenerative spondylolisthesis, 

adolescent scoliosis and Modic changes) and patient level data (age, occupation and genetic factors). 

Studies that used quantitative grading systems were more likely to report a comparative evaluation with 

another grading system or imaging modality at a single disc level. Sensitivity to change was rarely reported 

for both subjective (11.0%) and quantitative grading systems (9.8%). The association between LBP (mostly 

‘current LBP’) and DD was investigated in 16.8% of the reports of grading system use.  

4.2.2. THERE IS NO DISCERNABLE DIFFERENCE IN THE PREDICTIVE VALIDITY OF FIVE LUMBAR DISC 

DEGENERATION GRADING SYSTEMS; HOWEVER, THE DIFFERENT GRADING SYSTEMS MAY INFLUENCE 

THE  MAGNITUDE AND DIRECTION OF EFFECT  

In order to assess if the use of different grading systems resulted in different associations with clinical 

outcomes of LBP, we assessed the predictive validity of five different MRI-based grading systems for DD 

in predicting a recurrence of LBP. We included qualitative, quantitative and normalised grading systems 

with an emphasis on comparing quantitative measures of DSI and DH with normalised measures of DSI 

and DH (Chapter 3). One of the main findings of the secondary analysis was that there was no discernable 

difference in the discrimination, or predictive value, of the DD models that were appraised. Additionally, 

no differences were seen when raw versus normalised measures of DSI and DH were specifically 

compared. 

The study provided evidence that, when assessing DD as a predictor for LBP recurrence, the size and 

direction of effect may be altered by different grading system factors, such as the normalisation of DSI 

and DH. The point estimates, including both the magnitude and direction of effect, varied between some 

of the different models assessed. When the normalisation of DSI and DH were used to grade DD, the 

strength and direction of the association changed when compared to raw quantitative grading of DD. In 

particular, the normalisation of DSI appeared to strengthen the magnitude of effect in the expected 

direction (i.e., increased severity of DSI loss resulting in more recurrence); however, wide confidence 

intervals reflect the uncertainty of this finding.  

The way the grading system was summarised for analysis (e.g., the summary measure used) was also 

found to change the direction and magnitude of effect. When a normalised measure of DH and Pfirrmann 

classification were used to grade DD, the direction of effect changed depending on whether an average 

across all spinal levels was used compared to the worst score at any level.  

The grading components used to measure DD also influenced the direction of effect, with different 

directions of effect observed between the Pfirrmann classification that used multiple components for 



grading (DSI, DH and the distinction between the annulus-nucleus boundary) compared to normalised DSI 

when the same summary measure was used.  

4.3 COMPARISON TO PREVIOUS LITERATURE

As seen in Chapter 2 substantial heterogeneity was identified in the components that are used to grade 

DD using MRI. These results were consistent with a number of studies investigating the heterogeneity of 

different grading system components [2]. A systematic review by Kettler et al. [2] identified a range of 

different grading systems for DD on MRI, with large variability in the design and components used within 

the systems. In contrast to our study, Kettler et al. [2] found significantly fewer MRI-based grading systems 

used to measure DD. This was attributed, in part to the age of the Kettler et al. [2] review, but also to the 

fact that only studies presenting the original grading system were included in the review, with the 

exclusion of systems that represented a variant of a previously reported grading system. This was an 

important difference to our study in that our methodological design allowed for the inclusion of grading 

system variants, and thus a larger number of grading systems for DD were included. Similarly to our 

study, none of the grading systems used normalised measures to grade DD that had been normalised 

for multiple intrinsic factors (e.g., age, disc level and vertebral body height). 

The Pfirrmann classification was identified in Chapter 2 as the most common subjective grading system. 

It was also the only system used in Chapter 3 that combined measurements of DSI and DH to measure 

DD. As no grading system was shown to be more predictive of a recurrence of LBP in Chapter 3, it remains 

unclear if a system like the Pfirrmann that combines several measures of DD is superior to grading systems 

that are based on single IVD features such as DSI or DH. A previous study by Salamat and Hutchings et al.

[3] found strong associations between individual components (e.g., DSI) of DD and those same 

components measured within the Pfirrmann system. The study concluded that quantitative DSI could be 

used in the place of Pfirrmann when sensitivity to change and reliability was an important determinant 

[3]. In Chapter 3 we found that one of the Pfirrmann models (average of all spinal levels) had a different 

direction of effect compared to any of the DSI models, regardless of whether the measure was normalised 

or unnormalised. Thus, the summary measure must also be considered along with the components 

themselves when measuring LBP outcomes.

It was identified in Chapter 3 that certain factors (such as the way the grading system is summarised for 

analysis) may impact the magnitude and direction of effect when measuring associations with clinical 

outcomes of LBP. In Chapter 2, it was found that a large variability exists in the way grading systems are 

summarised for analysis, and this variability was common in studies investigating the relationship 

between DD and LBP. A study by Dragsbaek et al [4] found similar results, concluding that the association 

between LBP and DD was highly dependent on thresholds of DD that were used, the age of the individual 

and the components used in the measure. The Dragsbaek et al [4] study differed from that used in Chapter 
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3 in that the outcome measure used was pain over a period of 12 months, whereas, in our study the 

outcome measure was a recurrence of LBP.  

The need for a more standardised method of analysis of DD grading systems was highlighted in Chapter 2 

and 3. The most appropriate summary measure for analysis also needs to be considered when 

assessing the validity of different grading systems. It is recommended that consistent methods of 

analysis are used when assessing associations between DD and LBP outcomes. A systematic review 

investigating whether MRI findings can predict future LBP found that poor associations were identified 

between LBP and MRI findings, likely due to the inconsistency of LBP assessment, outcome 

measures, MRI protocols and thresholds for positive findings [5]. Although our study did not focus on 

the specific association between DD and LBP, it was likely that the predictive validity of different DD 

grading systems was also impacted upon by some of these factors. 

4.4 STRENGTHS AND LIMITATIONS 

One strength of this thesis was the sensitivity of the search terms which assisted in identifying commonly 

used grading systems. In Chapter 2 the broad inclusion criteria of the review led to the identification and 

description of a wide variety of different subjective and quantitative MRI-based grading systems for DD. 

The implications of the broad inclusion was that we were confident that the review comprehensively 

identified all of the currently utilised systems for DD on MRI. By mapping the most common 

grading systems, and their grading components, the most relevant grading systems and components 

could be selected for comparison in Chapter 3.  

This thesis was the first to compare the predictive validity of five different grading systems, including the 

direct comparison of normalised measures to raw quantitative measures of DSI and DH. An important 

strength was the ability to apply each grading system to the same cohort of people using the same 

summary measures. This allowed the results to be directly compared between both the components of 

the systems and the summary measure approach.  

In Chapter 2, one of the main limitations was categorising the specialized quantitative MRI techniques 

and sequences used to grade DD into more specific categories. As these specialised quantitative MRI 

techniques and sequences were commonly used, some nuances regarding how these systems are 

reported and measured may have been lost by combining them.

The main limitation was the size of the sample used in Chapter 3. As the sample was small, potentially 

important differences between the five grading systems of DD may have been missed. Due to the size of 

the sample, we refrained from directly performing statistical comparisons between the different grading 

systems. Rather, the focus was on the descriptive analysis of differences in the magnitude and direction 

of the effect estimates of the five MRI-based grading systems (ten models). The precision of the effect 

estimates (HRs) that we identified are low, as evidenced by the wide confidence intervals. For this 

reason, definitive conclusions cannot be reached. Further studies using larger cohorts are required to 

confirm whether the predictive validity is influenced by these factors. These could include cohorts such 

as the RAINE cohort, which include thousands of participants with MRI data.
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4.5 RESEARCH AND CLINICAL IMPLICATIONS 

The work in this thesis led to the identification of a range of factors that may contribute to the observed 

variance in results of studies investigating the association between clinical outcomes of LBP and MRI-

based grading systems for DD. In Chapter 3 preliminary results were presented that showed that the 

normalisation of DSI and DH is likely to impact the direction and magnitude of effect for a recurrence of 

LBP, but may not have superior discriminative capacity. If future research demonstrates the normalisation 

of quantitative measures of DD result in stronger associations with LBP, then they should become the 

standard in that type of research and may contribute to a better understanding of associations between 

DD and LBP.  

The predictive validity of the grading system may also be dependent on the way the grading system is 

summarised for analysis. This is important, as the differences between studies investigating the 

association of LBP with DD may actually be attributed to variability in the method of analysis, rather than 

relationship between LBP and DD itself [6-8]. The most appropriate (valid) grading system and summary 

measure when measuring associations with LBP is currently unknown, which makes it difficult to draw 

accurate conclusions. A consensus document from a combined task force has previously been used to 

provide standardised terminology for clinicians and researchers regarding DD [9]. Although some of the 

recommendations broadly consider measures for DD, a specific recommendation for the most 

appropriate method for measuring DD has not yet been identified [9]. This is a key area for future 

research. 

Sensitivity to change was found to be poorly reported across both subjective and quantitative grading 

system use. Grading systems that are sensitive to change may provide more clinical utility when 

drawing associations with LBP, as DD is a condition that is gradual and changes over time. A study by 

Panagopoulos et al. [10] found a large proportion of MRI findings changed in both patients with 

and without LBP, highlighting the importance of a grading system to be sensitive to change. 

Intervertebral disc changes should ideally be measured on a continuous versus dichotomous scale, 

in order to avoid the loss of information pertaining to the progression of IVD changes associated with 

DD that may contribute to LBP. 

4.5.1 FUTURE RESEARCH 

Future research should prioritise high quality studies to accurately determine whether normalised 

measures are more predictive of LBP recurrence. More specifically, analyses should assess normalised 

measures using larger sample sizes to gauge whether normalised measures are more valid than raw 

quantitative or qualitative measures. If this premise is correct, normalised measures may provide more 

clinically relevant information for practitioners. This thesis provides a preliminary analysis of normalised 

grading approaches for DD using a very specific clinical outcome (LBP recurrence). Further studies should 
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also consider whether normalised measures can better identify favourable responses to treatment for 

LBP and better distinguish between patients with or without LBP [11].  

Studies should investigate the most appropriate summary measures to analyse and report DD grading 

systems. It is currently unknown which summary measure is the most valid. Deeper exploration 

into whether commonly used grading systems show high levels of discriminative, predictive and 

concurrent validity is required. Further study into the standardisation of grading system application 

may provide more consistent findings when investigating the association between DD and future LBP. 

Making comparisons between the different grading systems is challenging due to the sheer number of 

different grading systems in the literature. Research efforts focusing on the validity and sensitivity to 

change of existing grading systems should be prioritised, rather than the creation of new grading systems. 

The former will help in establishing which systems should be used to measure associations between DD 

and LBP outcomes. 

4.6 CONCLUSIONS

This thesis comprehensively described the most common grading systems for DD, and assessed the 

predictive validity of five different grading systems. It was found that a large number of grading systems 

exist to assess DD, with many infrequently used. Substantial heterogeneity was seen in both the 

components used for grading, as well as in the methods of synthesis used across studies. Some 

measurement properties were commonly assessed across different systems (e.g., reliability); 

however, sensitivity to change was rarely assessed across both subjective and quantitative 

systems. The importance of normalisation, and the way a system is summarised for analysis were 

demonstrated, with potential for these factors to influence the direction and magnitude of effect of 

association between DD and LBP recurrence. Preliminary findings supported the use of normalised DSI 

measures as a potentially valid measure of DD; however, definitive conclusions are unable to be reached. 

The variability described in the summary approaches and the components used to grade DD may hinder 

the ability to draw conclusions about the association between DD and LBP. Future research should focus 

on validating and standardising a grading system to assess DD, in order to better understand its influence 

on LBP. 
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