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Abstract  

Objectives 

 We aimed to improve understanding of the role of imaging in diagnosis of low back pain by determining the 

prevalence of age-related disc degeneration in asymptomatic and symptomatic subjects.  Spinal MRIs of 

symptomatic and asymptomatic subjects were re-annotated onto the same objective grading system and prevalence 

of degenerative changes compared.    

Methods 

In an exploratory cross-sectional study, we compared the prevalence of disc degeneration between two large groups 

of anonymised females, 30-80yrs, viz a symptomatic group with chronic back pain (724) and an asymptomatic (701) 

group. We used a verified automated MRI annotation system to re-annotate their spinal MRIs and report 

degeneration on the Pfirrmann (1-5) scale, and other degenerative changes (herniation, endplate defects, marrow 

signs, spinal stenosis) as binary present/absent.  

Results 

Severe degenerative changes were significantly more prevalent in discs of symptomatics than asymptomatics in the 

lower (L4-S1) but not the upper (L1-L3) lumbar discs in subjects <60years. We found high co-existence of several 

degenerative features in both populations. Degeneration was minimal in around 30% of symptomatics < 50years.  

Conclusions. 

Automated MRI provides a valuable means of rapidly comparing large MRI datasets.  Here, through directly 

comparing MRI annotations on the same objective scales it enabled us to detect significant age and spinal-level 

related differences in the prevalence of degenerative features between asymptomatic and symptomatic populations.  

By distinguishing between symptomatics whose discs have structural defects, and symptomatics with minimal 

degenerative changes, MRI could provide a means of clinical stratification, and provide a useful pathway to 

investigate possible pain sources.  
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Key messages: 
 
What is already known about this subject? 
• Even though intervertebral disc degeneration, and degenerative changes such as disc herniations, are strongly 

associated with low back pain, the importance of disc degeneration in development of low back pain is 
questioned because these degenerative changes are seen in both those with and those without low back pain; 
spinal MRIs are thus thought to be of little clinical value. 

 
What does this study add? 

• The study provides the first data on age-related degeneration in those without pain and shows the 
significant differences in prevalence between age-related and symptom-related disc degeneration. 

• The study provides definitive data showing that severe disc degeneration is directly implicated in a 
significant proportion of those with chronic low back pain, with the association with pain strongly 
dependent on age and spinal level  

How might this impact on clinical practice or future developments? 

• The study shows that even though severe disc degeneration is strongly associated with low back pain, 30% of 
younger (<50yrs) chronic low back pain patients have no evident disc degeneration detected by MRI, which is 
important information (currently not used) for clinicians in directing treatments (and perhaps a clearer reason 
for the proper use of scans).  

• The study provides important information for those working on mechanisms, as it enables stratification between 
pathways of pain arising from structural defects in the disc, and those pain pathways in discs with no such 
structural change. 
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Introduction.  
Chronic low back pain is common and often difficult to treat. Its causes are mostly not well understood. Even 
though there is strong evidence that psycho-social factors can have a major contribution [1], the role of disc 
degeneration is thought to be paramount. There are over 35,000 references in PubMed on the topic ‘low back pain 
and intervertebral disc degeneration’ covering areas ranging from epidemiology, biological and genetics to diagnosis 
and treatment.  Interpretation of all this information relies on adequate definitions of the disc degeneration 
phenotype.     
 
Since the advent of spinal MRI permitted in vivo visualisation of disc degeneration, several quantitative MRI 
grading schemes have provided standardised definitions [2]. These have proved vital in phenotyping and analysis of 
genetic factors in disc degeneration [3,4], but less successful in demonstrating how disc degeneration relates to low 
back pain. Many asymptomatic subjects have degenerate discs [5-9] which do not necessarily predict development 
of future back pain [10,11].  Balagué et al., stated a widely held view: ‘Many abnormalities seen on imaging (with 
the possible exception of Modic signs) are equally prevalent in the asymptomatic population and merely serve as a 
pretext to justify overtreatment’ [12]. These views arise from prevalence data gathered from studies where gradings 
of disc degeneration, the degenerative features assessed and age ranges examined, vary from study to study.  
Systematic reviews acknowledge the difficulties of combining or comparing data while reporting presence of 
degenerative change [6]. 
  
Here, to provide greater insight into the prevalence of age-related disc degeneration in those with and without low 
back pain, we report an exploratory study comparing MRIs of two symptomatic and one population group, all re-
annotated onto the same rapid automated grading system (SpineNet)[13].  We compared disc degeneration between 
these groups in relation to age and spinal level. We examined prevalence of degenerative change in a group of 
female back pain patients and in a similar sized group of female asymptomatic subjects from the TwinsUK sample. 
We focussed on intervertebral disc degeneration, defined by the Pfirrmann grading scheme [14], and on the 
pathological features disc herniation, spinal stenosis, bone marrow and endplate change, all of which have been 
reported to be associated with symptoms[15-19]. 
 
MATERIAL AND METHODS  
Participants and settings; All subjects were recruited with full ethical approval and consent and fully anonymised4 
nut were not involved in study design.  The study size was constrained by the groups available. As 90% of the as 
TwinsUK sample was female, we analysed only female subjects [20].     
Asymptomatic Groups: (TwinsUK)- We selected 701 (69%) subjects aged 30-79 years, with no backpain during the 
previous 3 months (MRC Back and Neck Pain Questionnaire [4]) from the 1016 females of the TwinsUK population 
cohort (http://twinsuk.ac.uk) which contains both mono- and di-zygotic twin pairs.  These subjects had undergone 
clinical examination and MRI scans (sagittal T2 sequence) with intervertebral disc degeneration graded on a 4-point 
scale. 
Symptomatic Cross-sectional Group: (OSCLMRIC) – We selected 763 (39%) females, 30-79yrs from 1689 male 
and female patients referred to a secondary-care-centre spinal pain triage service with chronic low back pain (>3 
months duration) and MR imaging.  
Genodisc Cross-sectional Group (https://cordis.europa.eu/project/id/201626/reporting) 
Subjects were recruited in secondary care clinics in 6 different European countries. We selected the 756 (38%) 
females from the 2008 male and female symptomatic subjects 18-79 years, with chronic low back pain and MR 
imaging [9].  
Quantitative variables and MRI analysis  
The sagittal T2 sequences of the MRIs from OSCLMRIC, Genodisc and TwinsUK were analysed by SpineNet, a 
rapid automated MRI analysis system, able to match the reliability of an experienced spinal radiologist in analysing 
degenerative features [13]. SpineNet takes ~5 seconds to analyse each spine image fully, compared to around 30 
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minutes for manual analysis, making re-annotation of large groups feasible.  It provides a report giving Pfirrmann 
gradings (1-5)[14] and scores degenerative features (https://zeus.robots.ox.ac.uk/spinenet2/). 

For OSCLMRIC and TwinsUK, SpineNet here reported the binary characterisation of selected degenerative 
features, viz herniation, central canal stenosis, marrow signs (T2 weighted Sagittal T2 only), and endplate changes 
[13].  From this data we calculated prevalence of Pfirrmann gradings and of degenerative features in relation to 
spinal level and to age group by decade.  

As indicated by the literature [21,19], we analysed the averages of the upper (L1/L2+ L2/L3) and lower 
(L4/L5+ L5/S1) lumbar intervertebral discs separately. We compared prevalence in symptomatic and asymptomatic 
subjects both with and without relation to age and spinal level, and calculated risks of features being symptomatic as 
odds ratios with 95% confidence intervals [22,23]. 

 
Statistical methods   
The prevalence of each feature by age and level in OSCLMRIC and TwinsUK (Table S5), was calculated by 
dividing the number of discs analyzed in each decade and spinal level with feature(s) present by the total number of 
discs in the same level and age group (Table S1-4).  For marrow signs and endplate changes, we calculated 
prevalence from the average of the rostral and caudal binary scores. 
 
Odds ratios (OR), 95% confidence intervals (CI) and P values [22,23] were used to determine the probability of an 
individual belonging to a group with MRI features present, being symptomatic or asymptomatic. Venn diagrams 

were constructed in PowerPoint®, based on the prevalence of each feature in the lower lumbar discs, with overlaps 
showing the prevalence of discs containing both features.    
 
Because of the low prevalence of degenerative features in the asymptomatic group, we found that once age and disc 
level were considered, the study was underpowered for multivariate analysis, or for considering refinements in 
degradative changes such as type of herniation, degree of stenosis, or extents of endplate-defects or of marrow signs. 
We have used the STROBE Guidelines to structure this report. 
 
RESULTS 
1. Change in mean Pfirrmann score with age and spinal level.  
Fig 1a,b shows the age-dependence of the rise in Pfirrmann score, averaged over the two lower (Fig 1a) and the two 
upper (Fig1b) lumbar discs, for two independent symptomatic groups (Genodisc, OSCLMRIC). The changes in 
score with age was similar for these to groups, with the lower two lumbar discs were already relatively degenerate at 
30-40yrs (Fig 1a). The upper lumbar discs were only mildly degenerate at 30-40 years, but degeneration severity 
increased steeply with age (Fig 1b).  

 
Figure 1c,d compares age-related Pfirrmann scores of symptomatic (OSCLMRIC) and asymptomatic (TwinsUK) 
subjects.  In the lower lumbar discs, the average scores of symptomatics were distinctly higher than those of 
asymptomatics, particularly < 60yrs (Fig 1c).  In the upper lumbar discs, the age-related scores were similar (Fig 
1d).    

 
2. Variation with age of the prevalence of high and low Pfirrmann scores for symptomatic (OSCLMRIC) 

and asymptomatic (TwinsUK) subjects in the lower ((L4/L5)+(L5/S1)) and upper ((L1/L2)+(L2/L3)) 
lumbar discs.  

The prevalence of severe disc degeneration (grades 4+5) in the lower lumbar discs increased with age for both 
groups and was 3-4 times higher in the symptomatics than the asymptomatics < 50yrs (OR >3·0; p<·0001; Fig 3b) 
with differences between symptomatics and asymptomatics decreasing with age (Fig 2c). In the upper lumbar spine, 
the prevalence was lower, and similar in the symptomatic and asymptomatic groups (Fig 2d). 
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The prevalence of minimally degenerate discs in the lower lumbar spine was significantly greater in asymptomatics 
over the whole age range (Fig 2a) but fell steeply with age for both groups with no significant difference between 
groups by 70yrs (Fig 3a). 
 
The prevalence of severely degenerate discs over the whole lumbar spine, disregarding age and spinal level, was 
37% for the symptomatic and 23% for the asymptomatics. Though differences between symptomatics and 
asymptomatics were significant (OR 1·94: 95% CI:1·48-1.55, p<·0001), pooling these data lost information on the 
influence of age and spinal level.  
 
 
3. Prevalence with age and disc level of degenerative features in symptomatic and asymptomatic subjects.    
The prevalence of disc herniation (Fig 4a), central canal stenosis (Fig 4b), marrow change (Fig 4c) and endplate 
defect (Fig 4d) varied with age and disc level.   For all features, prevalence was markedly greater in symptomatic 
than in asymptomatic subjects, particularly at younger age, and, apart from endplate defect, greater in the lower 
lumbar spine. For instance, in the lower lumbar spine at 40-49 years, around 30% of discs were herniated in 
symptomatics compared to 9% of asymptomatic discs (p <·0001, Fig 4a,Table 6b).  Over the same age range, 
marrow change was present in 32% of symptomatic compared to 11% of asymptomatic discs (p<·00001, Fig 4c; 
Table S6b); for endplate defects, prevalence was lower being 8% for symptomatics and 3% in asymptomatics 
(p<·00001, Fig 4d, Table S6b)  
The prevalence of herniation, marrow changes and central canal stenosis in the upper lumbar discs was very low, 
<10%, and was similar in both groups (Tables S5). For endplate defects however, prevalence was greater in the 
upper spine, similar in both groups and increased with age (Fig. 4d; Table S5) 
 
The lower lumbar ORs were strongly age dependent (Fig 5a-d;Table S6b).  For herniation in the lower lumbar discs 
for instance, the OR varied from 11·8 (95% CI 1·5-90·0; p=0·02) to 2·1 (95% CI;1·4-3·1; p<·00001) and then rose to 
3·7(95%CI 2·2-6·2; p<·00001) in the 4th, 6th and 7th decades respectively (Fig 5, Table S6b); confidence intervals 
were wide because of the small number of herniations in asymptomatic subjects.  Overall, the prevalence of 
degenerative features was significant (Table S6a), but the effects of age and disc level were lost. 
 
4.       Most degenerative features are in discs with high Pfirrmann scores.  
The majority of degenerative features, in both symptomatics and asymptomatics, were found in discs with Pfirrmann 
grades 4 or 5 (Fig 6 a-d) whatever the overall prevalence of the feature.  More than 90% of marrow changes were 
seen in Pfirrmann 4 or 5 discs for both symptomatic and asymptomatic subjects at all ages. The low (3%) prevalence 
of spinal stenosis in symptomatics < 50 years, had no apparent association with disc degeneration, possibly 
reflecting ‘developmental’ rather than ‘degenerative’ stenosis [24] (Fig 4b. Table S5).  

 
5          Co-existence of degenerative features.  
As shown by a Venn diagram (Fig 7), for 40-49y subjects, around 14% of symptomatics and 12·3% of 
asymptomatics had only a single degenerative feature; marrow signs alone were seen in only 0.5% of symptomatic 
discs.    Similar co-existence of degenerative features was seen at all ages (Tables S1-S5). At 30-60 years, around 
30% of the symptomatic group had no/mild degeneration (Pfirrmann 1 or 2), and no identified degenerative features 
(Table 1).  
 
DISCUSSION 
Here we show that an automated MRI analysis system (SpineNet), enabled images of large groups to be re-
annotated rapidly onto the same grading system independent of their original annotations, and hence compared in 
relation to age- and spinal level-related degenerative changes.   
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By comparing annotated images from lumbar spines of asymptomatic subjects (TwinsUK) with those from 
symptomatic subjects with chronic low back pain (OSCLMRIC), we found, in contrast to published view[12], the 
prevalence of severe disc degeneration (Fig 2c) and of degenerative features such as herniations and marrow signs 
were not similar but were markedly greater in the lower lumbar discs of symptomatics than  in those of 
asymptomatics (Fig4), with significant age-dependent odds-ratios (Fig 3, Fig 5).  In the upper lumbar spine 
however, there was no significant difference between asymptomatics and symptomatics for any of the features 
examined, and the prevalence was far lower than in the lower lumbar spine <70yrs (Fig 2d). If age and spinal level 
were not taken into account, the odds ratios were still significant (Table S6a), but information on the effects of age 
and spinal level on their magnitude was lost.  
 
We found several degenerative changes tended to co-exist in discs of both symptomatic and asymptomatic subjects 
(Fig 7a,b).     Moreover, more than 90% of discs with marrow signs, and a high proportion of disc with herniations 
or endplate defects were seen in severely degenerate discs in both symptomatic and asymptomatic subjects over all 
age ranges (Figs 6,7). While marrow signs and endplate changes have each been associated singly with symptoms 
[25,16,17], in view of their high co-existence with severe degeneration, it is questionable if these defects alone are a 
liikely source of pain. Strong associations with pain have been found when several co-existing degenerative features 
are considered together [15,26]. 
 
Why degenerative changes appear to be strongly related to pain in some subjects [27], and why others with 
apparently similar degenerative changes remain pain free is still unclear. Some studies, mostly small, have found 
that the type of herniation [28], endplate defect [16], Modic change [17] or degree of stenotic change [18] can 
distinguish images of symptomatic from those of asymptomatic discs. Much larger numbers of subjects than those 
examined here will be needed to test these findings if effects of age and disc level are to be considered.  Unbiased 
analyses of degeneration, or MRI sequences other than T2, might also be better able to discriminate between painful 
and non-painful discs [29]. However even advances in MRI imaging protocols [30] may not be able to differentiate 
between some asymptomatic and symptomatic subjects. Load-induced effects on other spinal structures [31,32,33] 
cannot be detected by conventional supine MRIs but axially loaded MRIs appear able to differentiate between those 
with and without pain in regard, for instance, to images of the spinal canal dimensions or endplate features [34,35]. 
Also, current conventional MRIs are unable to detect augmented pain processing or psycho-social factors, also 
associated with low back pain [1,36,37]. 
 
Around 30% of subjects 30-50yrs, had chronic backpain but no apparent degenerative changes (Table 1). As pain 
could be induced by different pathways in those with structural changes to their discs visible by imaging and those 
without, spinal MRIs able to detect degree of degenerative changes, have potential clinical and research benefit.  
 
Limitations 
Our asymptomatic group, TwinsUK, only had subjects 30-79 years.   The OSCLMRIC group were chronic back-
pain patients, referred to secondary care mainly through failure to respond to interventions in primary care, 
effectively excluding many subjects who have a natural resolution of their symptoms and those referred to pain 
clinics. These patients may be distinct from the totality of patients seen in primary care, such as those discussed in 
the Lancet series [38], or those in a population cohort which found no differences in degenerative changes between 
those with and without low back pain [8].  A similar pattern of degenerative change (Fig1a) was seen in 
OSCLMRIC subjects and those of Genodisc, another secondary care group.  Patients recruited in other settings 
could differ in definitions of pain symptoms, gender and clinical subtypes.  
 
The prevalence of degenerative changes reported here is specific to our study. Reports of degeneration vary from 
study to study. In a rural farming population in Japan, the prevalence of severe disc degeneration (Pfirrmann 4 or 5) 
in the lower lumbar spine of asymptomatic women was ~70% at 50-69 years, and ~80% at 60-69years[39], 
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compared to ~33% and ~45% respectively to the females in TwinsUK (Fig 2c). The prevalence of degenerative 
features, such as herniations in asymptomatics, also varies, from around 63% at 20-50 years [40] to 22% at 40-49 
years [5] compared to <10% over the same age ranges in our study (Fig 4a).  Differences in annotation could also 
affect reported prevalence [41]. Consistent annotation of large groups is critical to progressing our understanding of 
these complex relationships.  
 
A limitation likewise lies in the imaging protocols used here.   We saw a similarity in Pfirrmann scores of two 
different patient groups annotated by SpineNet (Fig 1) despite the differences in MR machines used [13], but as 
Twins UK had only Sagittal T2 examinations, here we reported only these sequences. Other imaging sequences and 
refinement of annotations of degenerate features may provide information which is better able distinguish painful 
from non-painful discs [42] but will require larger study groups if influences of age and disc level are considered.  
 
Our analysis of degeneration uses 1) an average of the 1-5 categoric Pfirrmann scale (Fig 1), which conceals 
important information, and 2) an analysis of grades 1 or 2 versus 4 or 5 which identifies populations with either disc 
‘normal’ or disc ‘very degenerate’. It omits changes in grade 3 discs, around 25% of the total discs in both groups at 
some ages (Tables S5). However, most of the other degenerative features, predominantly seen in ‘very abnormal’ 
discs (Fig 6) were not omitted.  Larger data sets could allow a sensitivity analysis of these issues.     
  
Conclusions 
Automated annotation can overcome the considerable challenges facing experts in annotating complex imaging in 
large groups [43]. Moreover, by rapidly re-annotating large groups, previously annotated by different MRI analysis 
systems on the same objective system, it enables data from large pre-existing groups to be compared or combined.  
Collection of new groups is expensive and time consuming.    Automated analysis provides a way in which 
epidemiological analysis could be advanced by combining and comparing data from existing groups with MRIs and 
information on back pain.   
 
Here we demonstrated that an automated analysis system (SpineNet) enabled rapid re-annotation on the same 
grading system, of two chronic low back pain patient groups (Genodisc and OSCLMRIC) and a population sample 
drawn from the TwinsUK cohort previously annotated by different coding methods.   We found age and spinal level 
influenced degenerative changes strongly.  Discs of symptomatics in the lower lumbar spine of chronic low back 
pain patients<70years, were significantly more degenerate than age-matched discs of those with no pain, in 
agreement with a systematic review [44].  In the upper lumbar spine of those <70 years, degenerative changes were 
mainly far less prevalent and were similar in symptomatics and asymptomatics.  Hence reporting MRI features of 
spinal pathology in relation to symptoms, without taking age or spinal level into account, can be very misleading. 
We suggest information on age and disc level should be incorporated in clinical reporting standards to maximise the 
value of current NHS usage of MRI scans in this population.  
 
In our study, 30% of patients aged 30-50 years with back pain (compared with 60% without back pain) had no 
degenerative features detectable on MRI. We suggest that spinal MRIs, by distinguishing between spines with and 
without structural degenerative changes, could provide a means of stratifying patients for further research into 
causes and treatments of low back pain.  

 
 
 
 
 

Reference List 
 

All rights reserved. No reuse allowed without permission. 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprintthis version posted November 8, 2021. ; https://doi.org/10.1101/2021.11.08.21265571doi: medRxiv preprint 

https://doi.org/10.1101/2021.11.08.21265571


 
 
 

 8

 1  Vlaeyen JWS, Maher CG, Wiech K et al.  Low back pain. Nat.Rev.Dis.Primers. 2018;4:52-PM:30546064. 

 2  Kettler A,Wilke HJ. Review of existing grading systems for cervical or lumbar disc and facet joint 
degeneration. Eur.Spine J. 2006;15:705-718. PM:16172902. 

 3  Battie MC,Videman T. Lumbar disc degeneration: epidemiology and genetics. J Bone Joint Surg.Am. 
2006;88 Suppl 2:3-9. PM:16595435. 

 4  MacGregor AJ, Andrew T, Sambrook PN et al.  Structural, psychological, and genetic influences on low back 
and neck pain: a study of adult female twins. Arthritis Rheum. 2004;51:160-167. PM:15077255. 

 5  Boden SD, Davis DO, Dina TS et al.  Abnormal magnetic-resonance scans of the lumbar spine in 
asymptomatic subjects. A prospective investigation. J Bone Joint Surg [Am] 1990;72:403-408.  

 6  Brinjikji W, Luetmer PH, Comstock B et al.  Systematic literature review of imaging features of spinal 
degeneration in asymptomatic populations. AJNR Am.J.Neuroradiol. 2015;36:811-816. PM:25430861. 

 7  Romeo V, Covello M, Salvatore E et al.  High Prevalence of Spinal Magnetic Resonance Imaging Findings 
in Asymptomatic Young Adults (18-22 Yrs) Candidate to Air Force Flight. Spine (Phila Pa 1976.) 
2019;44:872-878. PM:30540719. 

 8  Kasch R, Truthmann J, Hancock MJ et al.  Association of Lumbar MRI Findings with Current and Future 
Back Pain in a Population-Based Cohort Study. Spine (Phila Pa 1976.) 2021;PM:34405825. 

 9  Kim SJ, Lee TH,Lim SM. Prevalence of disc degeneration in asymptomatic korean subjects. Part 1 : lumbar 
spine. J.Korean Neurosurg.Soc. 2013;53:31-38. PM:23440899. 

 10  Borenstein DG, O'Mara JW, Jr., Boden SD et al.  The value of magnetic resonance imaging of the lumbar 
spine to predict low-back pain in asymptomatic subjects : a seven-year follow-up study. J.Bone Joint 
Surg.Am. 2001;83-A:1306-1311. PM:11568190. 

 11  Boos N, Semmer N, Elfering A et al.  Natural history of individuals with asymptomatic disc abnormalities in 
magnetic resonance imaging: predictors of low back pain-related medical consultation and work incapacity. 
Spine 2000;25:1484-1492. PM:10851096. 

 12  Balague F, Mannion AF, Pellise F et al.  Non-specific low back pain. Lancet 2012;379:482-491. 
PM:21982256. 

 13  Jamaludin A, Lootus M, Kadir T et al.  ISSLS PRIZE IN BIOENGINEERING SCIENCE 2017: Automation of 
reading of radiological features from magnetic resonance images (MRIs) of the lumbar spine without human 
intervention is comparable with an expert radiologist. Eur.Spine J. 2017;26:1374-1383. PM:28168339. 

 14  Pfirrmann CW, Metzdorf A, Zanetti M et al.  Magnetic resonance classification of lumbar intervertebral disc 
degeneration. Spine 2001;26:1873-1878. PM:11568697. 

 15  Cheung KM, Karppinen J, Chan D et al.  Prevalence and pattern of lumbar magnetic resonance imaging 
changes in a population study of one thousand forty-three individuals. Spine (Phila Pa 1976.) 2009;34:934-
940. PM:19532001. 

 16  Munir S, Freidin MB, Rade M et al.  Endplate Defect Is Heritable, Associated With Low Back Pain and 
Triggers Intervertebral Disc Degeneration: A Longitudinal Study From TwinsUK. Spine (Phila Pa 1976.) 
2018;43:1496-1501. PM:29847371. 

 17  Saukkonen J, Maatta J, Oura P et al.  Association Between Modic Changes and Low Back Pain in Middle 
Age: A Northern Finland Birth Cohort Study. Spine (Phila Pa 1976.) 2020;45:1360-1367.  

All rights reserved. No reuse allowed without permission. 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprintthis version posted November 8, 2021. ; https://doi.org/10.1101/2021.11.08.21265571doi: medRxiv preprint 

https://doi.org/10.1101/2021.11.08.21265571


 
 
 

 9

 18  Ishimoto Y, Yoshimura N, Muraki S et al.  Associations between radiographic lumbar spinal stenosis and 
clinical symptoms in the general population: the Wakayama Spine Study. Osteoarthritis.Cartilage. 
2013;21:783-788. PM:23473979. 

 19  Mok FP, Samartzis D, Karppinen J et al.  Modic changes of the lumbar spine: prevalence, risk factors, and 
association with disc degeneration and low back pain in a large-scale population-based cohort. Spine J. 
2016;16:32-41. PM:26456851. 

 20  Schneider S, Randoll D,Buchner M. Why do women have back pain more than men? A representative 
prevalence study in the federal republic of Germany. Clin.J.Pain 2006;22:738-747. PM:16988571. 

 21  Hebelka H, Lagerstrand K, Brisby H et al.  The importance of level stratification for quantitative MR studies 
of lumbar intervertebral discs: a cross-sectional analysis in 101 healthy adults. Eur.Spine J. 2019;28:2153-
2161. PM:31309335. 

 22  Altman DG,Bland JM. How to obtain the confidence interval from a P value. BMJ 2011;343:d2090-
PM:21824904. 

 23  Szumilas M. Explaining odds ratios. J.Can.Acad.Child Adolesc.Psychiatry 2010;19:227-229. PM:20842279. 

 24  Lai MKL, Cheung PWH,Cheung JPY. A systematic review of developmental lumbar spinal stenosis. 
Eur.Spine J. 2020;29:2173-2187. PM:32623513. 

 25  Wang Y, Videman T,Battie MC. ISSLS prize winner: Lumbar vertebral endplate lesions: associations with 
disc degeneration and back pain history. Spine (Phila Pa 1976.) 2012;37:1490-1496. PM:22648031. 

 26  Hancock M, Maher C, Macaskill P et al.  MRI findings are more common in selected patients with acute low 
back pain than controls? Eur.Spine J. 2012;21:240-246. PM:21822662. 

 27  Luoma K, Riihimaki H, Luukkonen R et al.  Low back pain in relation to lumbar disc degeneration. Spine 
2000;25:487-492. PM:10707396. 

 28  Dora C, Walchli B, Elfering A et al.  The significance of spinal canal dimensions in discriminating 
symptomatic from asymptomatic disc herniations. Eur.Spine J. 2002;11:575-581. PM:12522716. 

 29  Niemeyer F, Galbusera F, Tao Y et al.  A Deep Learning Model for the Accurate and Reliable Classification 
of Disc Degeneration. Invest Radiol. 2021;00:00-00.  

 30  Hansen BB, Hansen P, Carrino JA et al.  Imaging in mechanical back pain: Anything new? 
Best.Pract.Res.Clin.Rheumatol. 2016;30:766-785. PM:27931967. 

 31  Dunlop RB, Adams MA,Hutton WC. Disc space narrowing and the lumbar facet joints. J Bone Joint Surg Br 
1984;66:706-710. PM:6501365. 

 32  Zehra U, Noel-Barker N, Marshall J et al.  Associations Between Intervertebral Disc Degeneration Grading 
Schemes and Measures of Disc Function. J.Orthop.Res. 2019;37:1946-1955. PM:31042314. 

 33  Oxland TR. Fundamental biomechanics of the spine--What we have learned in the past 25 years and future 
directions. J.Biomech. 2016;49:817-832. PM:26706717. 

 34  Willen J,Danielson B. The diagnostic effect from axial loading of the lumbar spine during computed 
tomography and magnetic resonance imaging in patients with degenerative disorders. Spine (Phila Pa 1976.) 
2001;26:2607-2614. PM:11725243. 

All rights reserved. No reuse allowed without permission. 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprintthis version posted November 8, 2021. ; https://doi.org/10.1101/2021.11.08.21265571doi: medRxiv preprint 

https://doi.org/10.1101/2021.11.08.21265571


 
 
 

 10

 35  Lagerstrand K, Hebelka H,Brisby H. Low back pain patients and controls display functional differences in 
endplates and vertebrae measured with T2-mapping. Eur.Spine J. 2019;28:234-240. PM:30448986. 

 36  Giesecke T, Gracely RH, Grant MA et al.  Evidence of augmented central pain processing in idiopathic 
chronic low back pain. Arthritis Rheum. 2004;50:613-623. PM:14872506. 

 37  Freidin MB, Tsepilov YA, Palmer M et al.  Insight into the genetic architecture of back pain and its risk 
factors from a study of 509,000 individuals. Pain 2019;160:1361-1373. PM:30747904. 

 38  Clark S,Horton R. Low back pain: a major global challenge. Lancet 2018;391:2302-PM:29573869. 

 39  Teraguchi M, Yoshimura N, Hashizume H et al.  Prevalence and distribution of intervertebral disc 
degeneration over the entire spine in a population-based cohort: The Wakayama Spine Study. 
Osteoarthritis.Cartilage. 2013;PM:24239943. 

 40  Elfering A, Semmer N, Birkhofer D et al.  Risk factors for lumbar disc degeneration: a 5-year prospective 
MRI study in asymptomatic individuals. Spine 2002;27:125-134. PM:11805656. 

 41  Ishimoto Y, Jamaludin A, Cooper C et al.  Could automated machine-learned MRI grading aid 
epidemiological studies of lumbar spinal stenosis? Validation within the Wakayama spine study. 
BMC.Musculoskelet.Disord. 2020;21:158-PM:32164627. 

 42  Ketola JHJ, Inkinen SI, Karppinen J et al.  T(2) -weighted magnetic resonance imaging texture as predictor of 
low back pain: A texture analysis-based classification pipeline to symptomatic and asymptomatic cases. 
J.Orthop.Res. 2020;PM:33368707. 

 43  Won D, Lee HJ, Lee SJ et al.  Spinal Stenosis Grading in Magnetic Resonance Imaging Using Deep 
Convolutional Neural Networks. Spine (Phila Pa 1976.) 2020;45:804-812. PM:31923125. 

 44  Brinjikji W, Diehn FE, Jarvik JG et al.  MRI Findings of Disc Degeneration are More Prevalent in Adults 
with Low Back Pain than in Asymptomatic Controls: A Systematic Review and Meta-Analysis. AJNR 
Am.J.Neuroradiol. 2015;36:2394-2399. PM:26359154. 

 
 
 
 
The Patient and Public Involvement statement. 
• At what stage in the research process were patients/the public first involved in the research and how? 
Automated annotation has been presented through BackCare patients’ charity and in a public question and answer 
session at the Back Pain Show, Birmingham May 2017 and subsequent interactive podcasts.  
The symptomatic group and asymptomatic cohort have had PPI input in their clinical and research settings. The 
Oxford spine clinic is a serial recruiting setting for clinical studies with regular interactions with large numbers of 
patients concerning back pain research (EB). 
• How were the research question(s) and outcome measures developed and informed by their priorities, experience, 
and preferences?  
MRI is considered essential by many patients and current guidance discourages the use of imaging for the 
investigation of back pain (EB) 
• How were patients/the public involved in the design of this study? 
Not directly, but epidemiology issues were raised in public discussions 
• How were they involved in the recruitment to and conduct of the study? 
These subjects were recruited anonymously based on reporting back pain and having suitable imaging. TwinsUK 
has a full explanation of its history and recruitment on its website: https://twinsuk.ac.uk/ 
It is stated in the Methods that subjects were not involved in the design of this study. 
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Figure and Table Legends 
 
Figure 1.  
Average Pfirrmann Score versus age for lower and upper lumbar discs   
A comparison between the scores in the Lower (a) and Upper (b) lumbar discs is shown for 2 patient (symptomatic) 
cohorts (Genodisc and OSCLMRIC). The scores of the symptomatic (OSCLMRIC female) Group are compared 
with an asymptomatic (Twins UK) Group in (c)for the Lower and in (d) for the Upper lumbar discs. Mean scores are 
shown as a solid line; one standard deviation is shown in the relevant colour and demonstrate the extent of overlap. 
((Lower discs. (L4/5, L5/S1); Upper discs (L1/2, L2/3)) 
 
Figure 2.  
Variation with Age and Spinal Level in Prevalence (%) of Discs with High (severe) and Minimal (Low) 
Pfirrmann Scores between symptomatic (OSCLMRIC) and asymptomatic (TwinsUK) Subjects 
This compares the prevalence of minimal (‘low; Pfirrmann 1,2’) ((a), (b)) and of severe (‘high; Pfirrmann 4,5’) ((c), 
(d)) degeneration between the discs of the lower ((a), (c)) and upper ((b), (d)) lumbar discs for symptomatic 
(OSCLMRIC) with asymptomatic subjects (TwinsUK).  Lower lumbar discs (L4/5, L5/S1); Upper discs (L1/2, 
L2/3). (symptomatic: red; asymptomatic: green ;  severe degeneration: solid; minimal degeneration: striped). Data in 
TableS6 
 
Figure 3  
Odds Ratios and 95% Confidence Intervals for disc degeneration scores by age, both pooled and by decade; 
symptomatics (OSCLMRIC) vs. asymptomatics (TwinsUK) for low (1 or 2) (a) and high (4 or 5) (b) 
Pfirrmann scores in the low lumbar spine (L4/5, L5/S1). Vertical broken line is OR for pooled data (Green 
broken vertical lines are 95% CI.) Data in Table 5b 
. 
 
Figure 4.  
 Prevalence of degenerative features in relation to age pooled and by decade; symptomatic vs asymptomatic 
cohorts 
 The figures show the prevalences of (a) herniations (b) central canal stenosis (c) marrow signs   (d) endplate defects 
in the lower and upper lumber discs in relation to ages ranges, shown by decade. (Symptomatic: red lines, 
asymptomatic: green lines:  lower spine solid lines, upper spine, broken lines).  Data shown in Table S6.  
   
Figure 5.  
Odds Ratios and Confidence Intervals for prevalence of degenerative features in relation to age; symptomatic 
vs asymptomatic groups 
The Odds ratios for prevalence of degenerative features in symptomatic vs. asymptomatic subjects are shown by 
age, with (years) both pooled and by decade. The red squares show the odds ratio and the blue line show 95% 
confidence intervals for the degenerative features in the low lumbar discs (L4/5, L5/S1) per decade (30-80 years) for 
(a) herniations (b) central canal stenosis (c) marrow changes (d) endplate changes in the symptomatic versus 
asymptomatic subjects.  The vertical red broken lines show the pooled odds ratios and the grey dotted lines the 
overall confidence intervals, including all ages and spinal levels for (a) herniations (b) central canal stenosis (c) 
marrow signs (d) endplate defects in the symptomatic versus asymptomatic cohorts. Herniations predominate in the 
young, whilst degenerative stenosis predominates in the elderly. Developmental stenosis is detected in the young 
symptomatics (prevalence ~2%), but not the asymptomatics.  Data shown in Table S5b 
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Figure 6.  
Age-related Percentage of lower lumbar discs from the symptomatic and asymptomatic cohorts which have 
specific degenerative features, and which are Pfirrmann Grades 4 or 5.    The percent of all lower lumbar discs 
which have the specific degenerative features (a) herniations, (b) central canal stenosis (c) endplate defects (d) 
marrow signs and also have severe disc degeneration (Pfirrmann 4+5) are shown in relation to age for the 
symptomatic (red) and asymptomatic (green) groups.  Data calculated from Tables S1-4. 
 
Figure 7.  
Venn diagrams, showing the prevalence (%) and overlap of degenerative features   for symptomatic and 
asymptomatic Lower Lumbar discs, 40-49yrs 
The prevalence of degenerative features is shown here for (a) symptomatic discs (388) and (b) asymptomatic discs 
(478) and gives the prevalence of severe disc degeneration (Pfirrmann 4+5), herniations, endplate defects and 
marrow changes and also the percentage of discs which have no degenerative features and are only mildly 
degenerate. Each degenerative feature is colour-coded. The total prevalence of each feature is shown outside the 
diagram and the percent overlap between features is shown inside the Venn diagrams.  The prevalence of central 
canal stenosis is very low in this age group (Fig. 4) so is not shown and may reflect developmental rather than 
degenerative stenosis.  Data taken from Tables S1-4, Table S6. 
 
Table 1.  
Percentage of Discs with No Identified Degenerative Features in relation to Age; Lower lumbar 
asymptomatic and symptomatic discs.  The percentage of asymptomatic and symptomatic lower lumbar ((L4/L5) 
and (L5/S1)) discs which have no degenerative features identified here (viz. herniations, central canal stenosis, 
marrow signs, endplate defects) and only mild degeneration (Pfirrmann 1+2) or moderate degeneration (Pfirrmann 
1+2+3) with disc numbers analysed given in parentheses. 
 
 
 
Supplementary Data. 
Tables S1-S4.   
The information over each age group on the number of discs examined.  
Information is given for both the lower lumbar spine ((L4/5) and L5/S1)) and the upper lumbar spine ((L1/L2) and 
(L2/L3) on the number of discs of each Pfirrmann grade, and the number of discs with each feature examined for 
both the aymptomatic (a) and the asymptomatic (b) groups.  S1 gives information on numbers of discs with 
herniations, S2 with marrow changes, S3 with endplate defects, S4 with central canal stenosis.  
 
Table S1a.    
The number of discs in the symptomatic group found with herniations.  Results are shown in relation to spinal 
levels (lower lumbar or upper lumbar), age range and Pfirrmann gradings. 
 
Table S1b.    
The number of discs in the asymptomatic group found with herniations.  Results are shown in relation to spinal 
levels (lower lumbar or upper lumbar), age range and Pfirrmann gradings. 
 
Table S2a.   
The number of end plates in the symptomatic group found with marrow changes.  Results are shown in relation 
to spinal levels (lower lumbar or upper lumbar), age range and Pfirrmann gradings. 
 
Table S2b.  
The number of end plates in the asymptomatic group found with marrow changes.  Results are shown in 
relation to spinal levels (lower lumbar or upper lumbar), age range and Pfirrmann gradings. 
 
Table S3a.  
The number of end plates in the symptomatic group found with endplate defects.  Results are shown in relation 
to spinal levels (lower lumbar or upper lumbar), age range and Pfirrmann gradings. 
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Table S3b. 
The number of end plates in the asymptomatic group found with endplate defects.  Results are shown in 
relation to spinal levels (lower lumbar or upper lumbar), age range and Pfirrmann gradings. 
 
Table S4a. 
The number of discs in the symptomatic group found with central canal stenosis.  Results are shown in relation 
to spinal levels (lower lumbar or upper lumbar), age range and Pfirrmann gradings. 
 
Table S4b.  
The number of discs in the asymptomatic group found with central canal stenosis.  Results are shown in 
relation to spinal levels (lower lumbar or upper lumbar), age range and Pfirrmann gradings. 
 
Table S5a. 
Odds ratios (OR) (symptomatic/asymptomatic), confidence intervals (CI) and probability estimates (P), 
values for each feature, without considering age or spinal level.   
 
Table S5b.   
Odds ratios (OR) (symptomatic/asymptomatic), P confidence intervals (CI) and probability estimates (P) 
values for each feature, taking into account age, shown here for the lower lumbar spine (Discs of the lower 
lumbar spine (L4/L5) and (L5/S1)). 
 
Table S6.  Prevalences of degenerative features in regard to age and spinal level for symptomatic (a) and 
asymptomatic (b) subjects.  Prevalences are shown for Pfirrmann (1+2), Pfirrmann 3, Pfirrmann 4+5, herniations, 
central canal stenosis, marrow signs, and endplate defects in relation to age for the lower (L4/L5,L5/S1) and upper 
(L1/L2, L2/L3) lumbar discs. 
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Age Range (years) 

 
  
 
   Asymptomatic 

 
  
 
   Symptomatic 

 

 
 

Minor Degeneration (Pfirrmann 1-2) and 
no degenerate features (%) 

30-39 61.0  (18) 31.0 (242) 

40-49 54.4 (478) 28.3 (406) 

50-59 32.5(502) 18.4 (358) 

60-69 19.9 (342) 11.3 (310) 

70-79 9.7 (62) 4.3 (210) 

 
   

 
Table 1; Percentage of discs with mild degeneration and no identified degenerative features in relation to age; 
lower lumbar ((L4/L5) and (L5/S1)) discs which have no degenerative features identified here (viz. herniations, 
central canal stenosis, marrow signs, endplate defects) and only mild degeneration (Pfirrmann 1+2). 
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Symptomatic (OSCLMRIC) - Pfirrmann and herniations 

MRI Imaging features Lower Lumbar (L5/S1, L4/L5) Upper Lumbar (L1/L2, L2/L3) 

Age ranges 30-39 40-49 50-59 60-69 70-79 Total: 30-39 40-49 50-59 60-69 70-79 Total: 

Total number of subjects 121 203 179 155 105 763 121 203 179 155 105 763 

Total number of discs 242 406 358 310 210 1526 242 406 358 310 210 1526 

Number of discs with Pfirrmann-1,2 75 115 66 35 9 300 222 349 230 108 17 926 

Number of discs with Pfirrman-3 64 123 113 89 38 427 15 35 69 90 49 258 

Number of discs with Pfirrmann-4,5 103 168 179 186 163 799 5 22 59 112 144 342 

Number of Discs with Herniations 99 114 74 61 31 379 8 6 10 15 12 51 

Number of discs Pfirrman-1,2 with herniations 3 1 0 2 0 6 2 2 0 0 0 4 

Number of discs Pfirrman-3 with herniations 24 32 18 10 4 88 4 1 3 5 2 15 

Number of discs Pfirrman-4,5 with herniations 72 81 56 49 27 285 2 3 7 10 10 32 

 
 
Table S1a.   The number of discs in the Symptomatic group found with herniations.  Results are shown in relation to spinal levels (lower lumbar or upper lumbar), age range and Pfirrmann gradings. 
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Asymptomatic (TwinsUK) 
MRI Imaging Features Lower Lumbar (L4/L5, L5/S1) Upper Lumbar (L1/2, L2/3) 
Age Ranges 30-39 40-49 50-59 60-69 70-79 Total: 30-39 40-49 50-59 60-69 70-79 Total: 
Total Number of Subjects 9 239 251 171 31 701 9 239 251 171 31 701 
Total Number of Discs  18 478 502 342 62 1402 18 478 502 342 62 1402 
Number of Discs with 
Herniations 

1 42 52 21 1 117 0 3 14 8 0 25 

Number of discs Pfirrmann- 
1+2 

11 260 163 68 6 508 16 429 370 134 11 960 

Number of discs Pfirrmann- 3 4 134 175 108 10 431 1 34 92 113 15 255 
Number of discs Pfirrmann- 
4+5 

3 84 164 166 46 463 1 15 40 95 36 187 

Number of discs Pfirrmann- 
1+2 with herniations 

0 1 1 0 0 2 0 1 2 1 0 4 

Number of discs Pfirrmann- 3 
with herniations 

1 25 24 4 0 54 0 1 6 3 0 10 

Number of discs Pfirrmann- 
4+5 with hernations 

0 16 30 19 4 69 0 1 7 4 2 14 

 
 
Table S1b.   The number of discs in the Asymptomatic group found with herniations.  Results are shown in relation to spinal levels (lower lumbar or upper lumbar), age range and Pfirrmann gradings. 
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Symptomatics (OSCLMRIC) 

MRI Imaging features Lower Lumbar (L5/S1, L4/L5) Upper Lumbar (L1/L2, L2/L3) 

Age ranges 30-39 40-49 50-59 60-69 70-79 Total: 30-39 40-49 50-59 60-69 70-79 Total: 

Total number of subjects 121 203 179 155 105 763 121 203 179 155 105 763 

Total number of endplates 484 812 716 620 420 3052 484 812 716 620 420 3052 

Number of endplates adjacent to discs 
with Pfirrmann-1,2 

150 230 132 70 18 600 444 698 460 216 34 1852 

Number of endplates adjacent to discs 
with Pfirrman-3 

128 246 226 178 76 854 30 70 138 180 98 516 

Number of endplates adjacent to discs 
with Pfirrmann-4,5 

206 336 358 372 326 1598 10 44 118 224 288 684 

Number of Endplates with Marrow Signs 154 258 263 274 239 1188 7 16 49 114 147 333 

Number of Endplates with marrow signs 
adjacent to discs with Pfirrman-1,2  

0 2 0 1 1 4 0 1 1 4 0 6 

Number of Endplates with marrow signs 
adjacent to discs with Pfirrman-3   

10 23 17 30 11 91 2 2 3 16 4 27 

Number of Endplates with marrow signs 
adjacent to discs with Pfirrman-4,5  

144 233 246 243 227 1093 5 13 45 94 143 300 

 
 
Table S2a.   The number of end plates in the Symptomatic group found with marrow changes.  Results are shown in relation to spinal levels (lower lumbar or upper lumbar), age range and Pfirrmann 
gradings.  
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Asymptomatic (TwinsUK) 

MRI Imaging Features Lower Lumbar (L4/L5, L5/S1) Upper Lumbar (L1/2, L2/3) 

Age Ranges 30-39 40-49 50-59 60-69 70-79 Total: 30-39 40-49 50-59 60-69 70-79 Total: 

Total Number of Subjects 9 239 251 171 31 701 9 239 251 171 31 701 

Total Number of Endplates  36 956 1004 684 124 2804 36 956 1004 684 124 2804 

Number of Endplates with 
Marrow signs 

2 109 215 237 81 644 0 14 40 87 41 182 

Number of Discs with 
Pfirrmann-1+2 

11 260 163 68 6 508 16 429 370 134 11 960 

Number of Discs with 
Pfirrmann-3 

4 134 175 108 10 431 1 34 92 113 15 255 

Number of Discs with 
Pfirrmann-4+5 

3 84 164 166 46 463 1 15 40 95 36 187 

Number of endplates adjacent 
to disc Pfirrmann- 1+2 and 
Marrow signs 

0 0 0 2 0 2 0 0 1 1 0 2 

Number of endplates adjacent 
to disc Pfirrmann-3 with 
Marrow signs 

0 13 11 14 3 41 0 1 10 8 3 22 

Number of endplates adjacent 
to disc Pfirrmann- 4+5 with 
Marrow signs 

2 96 204 221 78 601 0 13 29 78 38 158 

 
Table S2b.   The number of end plates in the Asymptomatic group found with marrow changes.  Results are shown in relation to spinal levels (lower lumbar or upper lumbar), age range and Pfirrmann 
gradings. 
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Symptomatic (OSCLMRIC) 

MRI Imaging features Lower Lumbar (L5/S1, L4/L5) Upper Lumbar (L1/L2, L2/L3) 

Age ranges 30-39 40-49 50-59 60-69 70-79 Total: 30-39 40-49 50-59 60-69 70-79 Total: 

Total number of subjects 121 203 179 155 105 763 121 203 179 155 105 763 

Total number of endplates 484 812 716 620 420 3052 484 812 716 620 420 3052 

Number of endplates adjacent to discs with 
Pfirrmann-1,2 

150 230 112 70 18 580 444 698 460 216 34 1852 

Number of endplates adjacent to discs with 
Pfirrman-3 

128 246 226 178 76 854 30 70 138 180 98 516 

Number of endplates adjacent to discs with 
Pfirrmann-4,5 

206 336 358 372 326 1598 10 44 118 224 288 684 

Number of Endplates with Defects 51 64 70 86 90 361 83 114 124 130 169 620 

Number of Endplates with Defects adjacent 
to discs with Pfirrman-1,2  

2 1 1 0 0 4 60 58 30 9 7 164 

Number of Endplates with Defects adjacent 
to discs with Pfirrman-3   

2 6 2 3 0 13 17 27 30 35 21 130 

Number of Endplates with Defects adjacent 
to discs with Pfirrman-4,5  

47 57 67 83 90 344 6 29 64 86 141 326 

 
Table S3a.   The number of end plates in the Symptomatic group found with endplate defects.  Results are shown in relation to spinal levels (lower lumbar or upper lumbar), age range and Pfirrmann gradings. 
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Asymptomatic (TwinsUK) 
MRI Imaging Features Lower Lumbar (L4/L5, L5/S1) Upper Lumbar (L1/2, L2/3) 
Age Ranges 30-39 40-49 50-59 60-69 70-79 Total: 30-39 40-49 50-59 60-69 70-79 Total: 
Total Number of Subjects 9 239 251 171 31 701 9 239 251 171 31 701 
Total Number of Endplates  36 956 1004 684 124 2804 36 956 1004 684 124 2804 
Number of Endplates with 
Endplate defects 

0 32 41 46 24 143 0 106 135 159 39 439 

Number of Discs with 
Pfirrmann-1+2 

11 260 163 68 6 508 16 429 370 134 11 960 

Number of Discs with 
Pfirrmann-3 

4 134 175 108 10 431 1 34 92 113 15 255 

Number of Discs with 
Pfirrmann-4+5 

3 84 164 166 46 463 1 15 40 95 36 187 

Number of endplates adjacent 
to disc Pfirrmann-1+2 with 
Endplate defects 

0 1 3 0 0 4 0 74 56 25 1 156 

Number of endplates adjacent 
to disc Pfirrmann-3 with 
Endplate defects 

0 4 3 2 0 9 0 16 43 34 5 98 

Number of endplates adjacent 
to disc Pfirrmann-4+5 with 
Endplate defects 

0 27 35 44 24 130 0 16 36 100 33 185 

 
Table S3b.   The number of end plates in the Asymptomatic group found with endplate defects.  Results are shown in relation to spinal levels (lower lumbar or upper lumbar), age range and Pfirrmann 
gradings. 
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Symptomatics (OSCLMRIC) 

Age ranges 30-39 40-49 50-59 60-69 70-79 Total: 30-39 40-49 50-59 60-69 70-79 Total: 

Total number of subjects 121 203 179 155 105 763 121 203 179 155 105 763 

Total number of discs 242 406 358 310 210 1526 242 406 358 310 210 1526 

Number of discs with Pfirrmann-1,2 75 115 66 35 9 300 222 349 230 108 17 926 

Number of discs with Pfirrman-3 64 123 113 89 38 427 15 35 69 90 49 258 

Number of discs with Pfirrmann-4,5 103 168 179 186 163 799 5 22 59 112 144 342 

Number of discs with Central Canal Stenosis 5 10 24 50 71 160 0 0 6 13 38 57 

Number of discs Pfirrman-1,2 with Central 
Canal Stenosis 

1 0 0 0 1 2 0 0 1 0 0 1 

Number of discs Pfirrman-3 with Central 
Canal Stenosis 

2 3 5 7 6 23 0 0 0 3 0 3 

Number of discs Pfirrman-4,5 with Central 
Canal Stenosis 

2 7 19 43 64 135 0 0 5 10 38 53 

Table S4a.   The number of discs in the Symptomatic group found with central canal stenosis.  Results are shown in relation to spinal levels (lower lumbar or upper lumbar), age range and Pfirrmann gradings. 
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Asymptomatic (TwinsUK) 

MRI Imaging Features Lower Lumbar (L4/L5, L5/S1) Upper Lumbar (L1/2, L2/3) 
Age Ranges 30-39 40-49 50-59 60-69 70-79 Total: 30-39 40-49 50-59 60-69 70-79 Total: 
Total Number of Subjects 9 239 251 171 31 701 9 239 251 171 31 701 
Total Number of Discs  18 478 502 342 62 1402 18 478 502 342 62 1402 
Number of Discs with central 
spinal stenosis 

0 0 6 14 7 27 0 0 6 8 3 17 

Number of discs Pfirrmann- 
1+2 

11 260 163 68 6 508 16 429 370 134 11 960 

Number of discs Pfirrmann- 3 4 134 175 108 10 431 1 34 92 113 15 255 
Number of discs Pfirrmann- 
4+5 

3 84 164 166 46 463 1 15 40 95 36 187 

Number of discs Pfirrmann- 
1+2 with central spinal 
stenosis 

0 0 0 0 0 0 0 0 0 0 0 0 

Number of discs Pfirrmann- 3 
with central spinal stenosis 

0 0 2 6 1 9 0 0 0 1 0 1 

Number of discs Pfirrmann- 
4+ with central spinal stenosis 

0 0 4 8 6 18 0 0 2 7 3 12 

Table S4b.   The number of discs in the Asymptomatic group found with central canal stenosis.  Results are shown in relation to spinal levels (lower lumbar or upper lumbar), age range and Pfirrmann 
gradings. 
 

S5(a) Symptomatic 
 

Imaging Feature Lower Spine ((L4/5, L5/S1)) Upper Spine ((L1/L2, L2-L3)) Total Spine (L1-
S1) Age ranges 30-39  40-49  50-59  60-69  70-79  Total:  30-39  40-49  50-59  60-69  70-79  Total:  

Pfirrmann (1+2) 31.0 28.3 18.4 11.3 4.3 19.7 91.7 86.0 64.2 34.8 8.1 60.7 40.2 

Pfirrmann 3 26.4 30.3 31.6 28.7 18.1 28.0 6.2 8.6 19.3 29.0 23.3 16.9 22.4 

Pfirrmann(4+5) 42.6 41.4 50.0 60.0 77.6 52.4 2.1 5.4 16.5 36.1 68.6 22.4 37.4 

Herniations 40.9 28.1 20.7 19.7 14.8 24.8 3.3 1.5 2.8 4.8 5.7 3.3 14.1 

Central Canal Stenosis 2.1 2.5 6.7 16.1 33.8 10.5 0.0 0.0 1.7 4.2 18.1 3.7 7.1 

Marrow Signs 31.8 31.8 36.7 44.2 56.9 38.9 1.4 2.0 6.8 18.4 35.0 10.9 24.9 

Endplate defects 10.5 7.9 9.8 13.9 21.4 11.8 17.1 14.0 17.3 21.0 40.2 20.3 16.1 
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S5(b) Asymptomatic 
 

Imaging Feature Lower Spine ((L4-5,,L5-S1)) Upper Spine ((L1-L2)(L2-L3)) Total Spine (L1-
S1) Age Ranges  30-39  40-49  50-59  60-69  70-79  Total:  30-39  40-49  50-59  60-69  70-79  Total:  

Pfirrmn(1+2) 61.1 54.4 32.5 19.9 9.7 36.2 88.9 89.7 73.7 39.2 17.7 68.5 52.4 

Pfirrmn3 22.2 28.0 34.9 31.6 16.1 30.7 5.6 7.1 18.3 33.0 24.2 18.2 24.5 

Pfirrmn(4+5) 16.7 17.6 32.7 48.5 74.2 33.0 5.6 3.1 8.0 27.8 58.1 13.3 23.2 

Herniations 5.6 8.8 11.0 6.1 6.5 8.9 0 0.6 3.0 2.3 3.2 2.0 5.5 

Central Canal Stenosis 0.0 0.0 1.2 4.1 11.3 1.9 0.0 0.0 1.2 2.3 4.8 1.2 1.6 

Marrow Signs 5.6 11.4 21.4 36.4 65.3 23.0 0.0 1.5 4.0 12.7 33.0 0.1 11.6 

Endplate defects 0.0 3.3 4.1 6.7 19.4 5.1 0.0 11.1 13.4 23.2 31.5 15.7 10.4 

              Table S5: Prevalences of degenerative features in regard to age and spinal level for symptomatic (a) and asymptomatic (b) subjects.  
  

 
Feature OR CI low CI high P 

Pfirrmann 
Grade 1 or 2 

0·44 0·37 0·52 <0·0001 

Pfirrmann 
grade 4 or 5 

1·8 1·7 1·9 <0·00001 

Stenosis 4·3 4·0 4·6 <0·00001 

Herniation 3·1 2·9 3·2 <0·00001 

Marrow  1·9 1·8 2·0 <0·00001 

Endplate 1·1 1·0 1·2 <0·00001 
 
Table S6a.  Odds ratios (OR) (symptomatic/asymptomatic), confidence intervals (CI) and probability estimates (P), values for each feature, without taking into account age or spinal level.   
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Age band decade 

(years) 
OR CI low CI high P 

30-39 0·3 0·1 0·8 =0·01 

40-49 0·3 0·3 0·4 <0·00001 

50-59 0·5 0·4 0·7 <0·00001 

60-69 0·6 0·4 0·9 =0·001 

70-79 0·4 0·1 1·1 =0·07 

 
S6b(i) Disc degeneration Pfirrmann grade 1 or 2 (normal)   

 
 
 

Age band decade 
(years) 

OR CI low CI high P 

30-39 3·7 1·0 13·1 =0·04 

40-49 3·3 2·4 4·5 <0·00001 

50-59 2·0 1·6 2·7 <0·00001 

60-69 1·6 1·2 2·1 =0·003 

70-79 1·2 0·6 2·3 =0·57 

 
S6b(ii) Disc degeneration Pfirrmann grade 4 or 5 (very degenerate):   

 
 

 
Age band decade 

(years) 
OR CI low CI high P 

30-39 11·8 1·5 89·9 =0·02 

40-49 4·1 2·7 5·9 <0·0001 

50-59 2·1 1·4 3·1 =0·0001 

60-69 3·4 2·0 5·6 <0·00001 

70-79 2·5 0·9 7·4 =0·11 

 
S6b(iii) Disc Herniation present     

 

A
ll rights reserved. N

o reuse allow
ed w

ithout perm
ission. 

(w
hich w

as not certified by peer review
) is the author/funder, w

ho has granted m
edR

xiv a license to display the preprint in perpetuity. 
T

he copyright holder for this preprint
this version posted N

ovem
ber 8, 2021. 

; 
https://doi.org/10.1101/2021.11.08.21265571

doi: 
m

edR
xiv preprint 

https://doi.org/10.1101/2021.11.08.21265571


 
 
 

 25

 
 
 
 
 
 

 
Age band decade 

(years) 
OR CI low CI high P 

30-39 *       

40-49 *       

50-59 4·2 1·7 10·4 =0·002 

60-69 4·1 2·2 7·5 <0·00001 

70-79 14·8 6·6 33·2 <0·0001 

 
S6b(iv) Central Canal stenosis present  

 
 

Age band decade 
(years) 

OR CI low CI high P 

30-39 7.9 1.9 33.4 =0.0048 

40-49 3.6 2.8 4.6 <0.00001 

50-59 2.1 1.7 2.7 <0.00001 

60-69 1.5 1.2 1.9 =0.0005 

70-79 0.7 0.5 1.1 =1.01 

S6b(v) Marrow signs present  
 
 

Age band decade 
(years) 

OR CI low CI high P 

30-39 *        

40-49 2·5 1·6 3·8 =0·0001 

50-59 2·5 1·7 3·8 <0·00001 

60-69 2·2 1·5 3·3 <0·00001 

70-79 1·1 0·7 1·9 =0·63 

S6b(vi) Endplate defects present (Lower lumbar spine) 
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Age band decade 
(years) 

OR CI low CI high P 

30-39 *    

40-49 
4·2 

3·2 5·7 <0·00001 

50-59 
4·6 

3·5 6·2 <0·00001 

60-69 
13·6 

9·3 20·0 <0·00001 

70-79 
1·5 

1·0 2·2 0·05 

S6b(vii) Endplate defects present (Upper lumbar spine) 
 
* - no OR calculated as zero feature positive subjects at that age range in the asymptomatic group 
Table S5b. (i-iv) Odds ratios (OR) (symptomatic/asymptomatic), P confidence intervals (CI) and probability estimates (P) values for each feature, taking into account age, shown here for the discs of the lower 
lumbar spine (L4/L5) and (L5/S1). (v) Endplate defects - Upper lumbar spine (L1/L2 and L2/3) 
 

 

A
ll rights reserved. N

o reuse allow
ed w

ithout perm
ission. 

(w
hich w

as not certified by peer review
) is the author/funder, w

ho has granted m
edR

xiv a license to display the preprint in perpetuity. 
T

he copyright holder for this preprint
this version posted N

ovem
ber 8, 2021. 

; 
https://doi.org/10.1101/2021.11.08.21265571

doi: 
m

edR
xiv preprint 

https://doi.org/10.1101/2021.11.08.21265571


Figure 1. Average Pfirrmann Score versus age (30-79 years) lower (L4/5, L5/S1) and upper lumbar discs (L1/2, L2/3) for female subjects
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(a) (b)

(c)
(d)

Figure 2. Variation with Age and Spinal Level in Prevalence (%) of Discs with Severe(High) and Minimal (Low) 
Pfirrmann Scores between Symptomatic (OSCLMRIC) and Asymptomatic (TwinsUK) Subjects
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Fig 3. Odds Ratios and 95% Confidence Intervals for disc degeneration scores by age, both pooled and by decade; Symptomatic 
(OSCLMRIC) vs. Asymptomatic (TwinsUK) for low (a) and high (b) Pfirrmann scores in the low lumbar spine (L4/5,L5/S1)

symptomatic symptomaticasymptomaticasymptomatic
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Figure 4. Prevalence of degenerative features in relation to age and spinal level in the lumbar spine; symptomatics and asymptomatics
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Figure 5. Odds Ratios and Confidence Intervals for prevalence of degenerative features in relation to age and pooled 
and by decade; symptomatic vs asymptomatic cohorts
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(b) Central Canal Stenosis
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Figure 6.   Age-related Percentage of lower lumbar discs from the Symptomatic and Asymptomatic  cohorts which have 
specific degenerative features and which are Pfirrmann Grades 4+5 in the low lumbar spine (L4/5 and L5/S1) (solid) and 

in the upper lumbar spine (L1/2 and L2/3) (hatched)
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Figure 7: Venn diagrams, showing the prevalence (%) and overlap of degenerative 
features for Asymptomatic (a) and Symptomatic (b)  Lower Lumbar discs, 40-49yrs
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