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Abstract
Purpose Report the rate and severity of degenerative disc disease (DDD) in non-surgical adolescent idiopathic scoliosis 
(AIS) patients and correlate these findings with patient-reported symptomatology scores. Additionally, to quantify the rate 
of concurrent pathological radiological findings in this group.
Methods This was a retrospective chart review study at a single tertiary centre. AIS patients aged 10–16 who had received 
a whole spine MRI between September 2007 and January 2019 and who had not received surgical intervention to their spine 
were included. MRI scan reports were screened to extract those who had evidence of DDD. These were then reviewed by 
a blinded second reviewer who graded every disc using the Pfirrmann grading system. SRS-22 scores were extracted for 
patients when available.
Results In total, 968 participants were included in the study. Of these, 93 (9.6%) had evidence of DDD, which was Pfirrmann 
grade ≥ 3 in 28 (2.9%). The most commonly affected level was L5/S1 (59.1% of DDD cases).
A total of 55 patients (5.7%) had evidence of syringomyelia, 41 (3.4%) had evidence of spondylolisthesis (all L5/S1), 14 
(1.4%) had bilateral L5 pars defects, and 5 (0.5%) had facet joint degeneration. Spondylolisthesis and bilateral pars defects 
were more common in patients with DDD identified on MRI scan (p < 0.001 and p = 0.04, respectively).
Function (p = 0.048) and pain (p = 0.046) scores were worse in patients with DDD.
Conclusion We present a baseline for the rate and severity of DDD in the non-operative AIS cohort. This should assist in 
decision-making and counselling of patients prior to surgery.
Level of evidence III.

Keywords Adolescent idiopathic scoliosis · Degenerative disc disease · Magnetic resonance imaging · Prevalence · 
Severity · Non-surgical

Introduction

Adolescent idiopathic scoliosis (AIS) affects 1–3% of chil-
dren aged 10–16 years and the natural history includes back 
pain, deformity, psychosocial problems, and reduction in 
quality of life [1, 2]. A pathology commonly associated with 

AIS in both early and late stages is degenerative disc dis-
ease (DDD) [3]. This describes both structural damage and 
accompanying inflammatory changes to the intervertebral 
discs [4, 5]. DDD may predispose patients to higher rates of 
chronic lower back pain and disc herniation [4, 6, 7].

A minority of previous studies have attempted to quantify 
the rate of occult DDD in non-operative or conservatively 
managed AIS patients, reporting DDD rates ranging from 
0 to 11.9% [8–11]. However, these studies typically review 
patients specifically selected for MRI, are limited by small 
sample sizes and heterogenous datasets, and fail to undertake 
a detailed analysis of disc quality [9–12]. Furthermore, no 
previous studies appropriately investigate patient-reported 
symptoms and how they relate to DDD.
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We investigated and reported on the rate and severity of 
radiologically identified DDD in a non-selected AIS popula-
tion who have not undergone surgical intervention and inves-
tigated the relationships between the presence and sever-
ity of DDD with patient-reported symptoms. Second, we 
quantified the rate of concurrent pathological radiological 
findings in this group and investigated how the prevalence 
differs between patients with and without radiological DDD.

Methodology

Participant selection

This was a retrospective study undertaken at a single ter-
tiary centre for spinal deformity surgery, where it is a rou-
tine standard of care for all individuals aged 10–16 years 
with a presumed diagnosis of AIS to undergo an MRI of 
the whole spine prior to them being seen in clinic. This 
allows proper characterisation of curve morphology and 
disc characteristics as well as any concurrent pathological 
findings in the spine and is thus the gold standard in workup 
of AIS patients. All scans are reviewed and reported by a 
fellowship-trained consultant radiologist. From the database 
of these MRI reports, participants were included for review 
in this study. All images were taken between September 
2007 and January 2019. Images prior to September 2007 
were before digital PACS and were not available for review. 
Exclusion criteria were incomplete demographic data, an 
incomplete scan report, non-AIS diagnosis or previous spi-
nal surgery. To factor for potential transitional segments, 
non-functional discs were excluded from analysis.

The term “non-operative patients” is used to describe the 
participants in our study. This includes patients who had not 
received surgical intervention at the time of the scan, regard-
less of whether they later went on to receive surgery or not.

Rate and severity of disc degeneration

From individuals who met the inclusion criteria, MRI reports 
were examined and information in the presence of DDD, 
syringomyelia, spondylolisthesis (includes anterolisthesis 
and retrolisthesis), pars defects, and facet joint degeneration 
was collected. All MRI images with radiologist-reported 
DDD were then reviewed by a blinded second reviewer who 
applied a Pfirrmann grade to every intervertebral disc from 
C2/3 to L5/S1.

The Pfirrmann grading system is a validated tool for 
assessing the degree of degeneration of intervertebral discs 
using an MRI scan. It takes into account the disc structure, 
height, signal intensity, and the distinction of the nucleus and 
annulus as separate entities [13]. In keeping with previous 

studies, grade 3 or higher was considered to indicate signifi-
cant DDD [14].

MRI scanner parameters

From August 2011 onwards, MR scans were performed on 
Siemens Skyra 3 Tesla Magnets using a 24-element spine 
matrix coil. Sagittal T1 (TR/TE 819/11, 3 mm slices with 
0.3 mm gap, matrix 448*314) and T2 (TR/TE 3770/104, 
3 mm slices with 0.3 mm gap, matrix 512*307) whole spine, 
coronal T1 (TR/TE 830/9.9, 3 mm slices with 0.6 mm gap, 
matrix 448*269) T/L spine and axial T2 (TR/TE 4180/114, 
4 mm slices with 1 mm gap, matrix 448*269) views were 
utilised. Unfortunately, MRI scan parameters were unavail-
able for scans performed prior to this date.

SRS‑22 symptomatology scores

Patient-reported outcomes were obtained via a Scoliosis 
Research Society 22 (SRS-22) questionnaire, where avail-
able, for participants included in the study [15]. Where mul-
tiple questionnaire results were available, the closest to the 
time of the MRI scan was used. SRS-22 scores were consid-
ered in their five domains: function, pain, self-image, mental 
health, and management satisfaction. All five domains, as 
well as the overall score, were used independently and in 
combination in statistical analysis.

Statistical analysis

Basic data analysis was performed using Microsoft Excel for 
Office 365. Statistical analysis was performed using the Sta-
tistical Package for Social Sciences 26 (SPSS26) software.

Univariable analysis used independent two-tailed 
Mann–Whitney U tests for continuous data and Fisher exact 
tests for nominal and ordinal data. Multivariable analysis 
was performed using simple linear regression with the enter 
method. A p value of less than 0.05 was considered statisti-
cally significant throughout the study.

Ethical considerations and funding

This study underwent ethical review and obtained approval 
prior to collection of data (IRAS project ID 279278, Ref 
21/PR/0060). As this was a review of previously collected, 
anonymous, routine care data with no potential for affect-
ing patient care, informed consent was deemed not to be 
required. An institutional charitable grant was obtained for 
this study to support administrative costs only.
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Results

Participant characteristics

A total of 1086 patients were selected for data analysis, 
118 of which were manually excluded following review. 
Reasons for exclusion and flow of participants are given in 
Fig. 1. This left 968 patients who met our inclusion crite-
ria. A total of 759 (78.4%) participants were female and the 
mean age of the entire cohort was 13.9 years (SD 1.5, range 
10–16 years). There were 533 (55.1%) participants who had 
appropriate SRS-22 data collected within 24 months of their 
MRI scan. The mean time between scan and SRS-22 survey 
was 4.8 months (SD 5.9 months), with all but 65 surveys 
being completed within 12 months of MRI. There were 435 
(44.9%) participants who did not have suitable SRS-22 data 
available. There were 47 patients with DDD identified on 
MRI who did not have appropriate SRS-22 scores recorded.

Disc degeneration and concurrent radiological 
findings

Disc degenerative disease (DDD) was identified in 93/968 
(9.6%) participants. In 28 (2.9%) patients, at least one disc 
was found to be of Pfirrmann grade ≥ 3. Only 1 disc was 

graded Pfirrmann 5. The mean age for patients with DDD 
was 14.2 years and 80.6% were female.

The number of spinal levels affected ranged between 1 
and 12, with 46 patients (49.5% of those with DDD) hav-
ing only single-level disease and 47 patients (50.5% of 
those with DDD) having disease affecting 2 or more lev-
els. The most commonly affected level was L5/S1 (59.1% 
of DDD cases), followed by L4/L5 (25.8%) and T11/12 
(16.1%). Figure 2 illustrates the distribution of disc degen-
eration by spinal level. There was no correlation between 
Cobb angle and severity of disc degeneration (R2 = 0.002, 
F(1,85) = 0.195, p = 0.660, β = − 0.048).

A total of 55 patients (5.7%) had evidence of syrin-
gomyelia, 41 (4.2%) had evidence of spondylolisthesis 
(all L5/S1), 14 (1.4%) had bilateral L5 pars defects, and 5 
(0.5%) had facet joint degeneration. Additionally, 3 uni-
lateral L5 pars defects were noted. Both spondylolisthesis 
(p < 0.001) and bilateral pars defects (p = 0.038) were sta-
tistically significantly more common in patients with DDD 
than those without, as demonstrated in Table 1. Further-
more, of the 41 patients with spondylolisthesis, 5 (12.2%) 
had at least one disc of Pfirrmann grade ≥ 3. Pfirrmann 
grades ≥ 3 were statistically significantly more common in 
patients with spondylolisthesis than those without.

Fig. 1  Reasons for exclusion 
and flow of participants through 
the study
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Fig. 2  Pictorial representation 
of the frequency of disc degen-
eration at each intervertebral 
disc level. Grey indicates no 
disc degeneration, and increas-
ingly darker red represents 
higher frequencies, as indicated 
in the key

Table 1  Frequency of each 
concurrent radiological finding 
compared between patients with 
and without disc degeneration 
identified on MRI scan

*p-values calculated using Fisher exact test
Statistically significant results are emboldened

Concurrent radiological finding Presence of disc degeneration

No disc degeneration 
(n = 875)
N (%)

Disc degeneration 
(n = 93)
N (%)

P-value*

Syringomyelia 52 (5.9) 3 (3.2) 0.353
Spondylolisthesis 29 (3.4) 12 (11.8) < 0.001
Bilateral pars defect 10 (1.1) 4 (4.3) 0.038
Facet joint degeneration 5 (0.6) 0 1.000
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Disc degeneration and SRS‑22 scores

The mean scores for patients with disc degeneration iden-
tified were lower than those without disc degeneration 
in every domain, as demonstrated in Table 2. Function 
(U = 9248.0, z = − 1.974, p = 0.048, r = 0.086) and pain 
(U = 9216.5, z = − 1.993, p = 0.046, r = 0.086) scores differed 
to a statistically significant degree. There was no statistically 
significant difference between these cohorts in self-image 
mental health, management satisfaction, or overall scores.

Discussion

Degenerative disc disease (DDD) has been identified in 
both early and late stages of adolescent idiopathic scoliosis 
(AIS) [16, 17]. Although the precise cause of DDD remains 
unclear and is currently a subject of active research, pre-
vailing theories suggest a complex interplay between disc 
"wedging", uneven disc loading, and structural abnormali-
ties as primary and secondary contributing factors [3].

Our study examined the prevalence of DDD in AIS 
patients who had not undergone surgery. Within this non-
operative cohort, 9.6% (93/968) exhibited DDD, with 
2.9% (28/968) having Pfirrmann grade 3 or higher disease. 
Another study, conducted by Ghandhari et al. [8], reported 
a higher DDD rate of 11.9% in non-operative patients using 
a different classification method (the J. Khanna method, 
in which degenerative discs are divided into 3 classes of 
severity) and a smaller sample size (n = 42). In the broader 
context, incidental DDD findings on MRI in asymptomatic 

non-AIS paediatric populations have been reported at 19%, 
but rates vary between 9 and 25% due to variances in study 
designs [18–21].

Among the affected disc levels, L5/S1 was the most com-
mon (59.1%), followed by L4/L5 (25.8%). There is a dearth 
of data on degenerative disc levels in non-operative AIS 
patients; however, these findings align with studies investi-
gating post-operative DDD occurrence [9, 14, 22, 23]. Nota-
bly, Nohara et al. [14] reported a similar rate (40%) of DDD 
at the L5/S1 junction.

The prevalence of syringomyelia as reported in the litera-
ture is highly variable (0.6–5.5%), [12, 24–26] but our value 
of 5.7% is consistent with the upper range of this estimate. 
The frequency of spondylolisthesis in our paper (4.2%) was 
also consistent with that previously reported by Hershman 
et al. (4.6%) [27]. However, our rate of bilateral pars defects 
(1.4%) was lower than that previously found in the litera-
ture (3.6%) [28]. Spondylolisthesis and pars defects were 
more common in patients with DDD, likely due to increased 
disc loading pressures during normal activities [29]. While 
some studies have established a connection between facet 
joint degeneration and DDD, the absence of correlation in 
our study could potentially be attributed to the time delay 
between the onset of facet joint disease and progression to 
disc degeneration, which would not yet have become appar-
ent in this paediatric population [30].

Although the impact of a scoliotic deformity on the prev-
alence and severity of back pain in AIS remains uncertain, it 
is acknowledged as a significant problem [31]. In our study, 
we report a statistically significant correlation (p = 0.046) 
between the presence of disc degeneration and self-reported 
pain scores, although the magnitude of the difference is rela-
tively small (r = 0.086). This is in contrast to the prevail-
ing consensus in the literature, which is that DDD has little 
impact on reported pain in AIS patients. [9, 14, 23, 32, 33] 
Our novel findings may be related to a comparatively large 
group size, which is better able to detect relatively small 
differences in SRS-22 scores.

There is a paucity of published data describing the rela-
tionship between the remaining SRS-22 categories (func-
tion, self-image, mental health, and management satisfac-
tion) and DDD, so direct comparison with our study is not 
possible. Green et al. [9] report no significant difference in 
overall SRS-22 score between patients with Pfirrmann grade 
I/II and grade III/IV intervertebral discs, which is consistent 
with our study. We found that overall SRS-22 score did not 
differ between patients with and without DDD to a statisti-
cally significant degree (p = 0.073).

Our study was limited by its retrospective design which 
meant SRS-22 questionnaires were not collected for all 
participants, and many were collected some time before or 
after MRI scans were taken; to ameliorate this, future studies 
should be prospective in nature. Furthermore, we were not 

Table 2  Mean scores in overall and each SRS-22 sub-category com-
pared between patients with and without disc degeneration identified 
on MRI scan

*p-value calculated using Mann–Whitney U test
a Management satisfaction data were not available for all responders 
(No disc degeneration n = 357, Disc degeneration n = 35). SD, stand-
ard deviation
Statistically significant results are emboldened

SRS-22 category Presence of disc degeneration

No disc 
degeneration 
(n = 487)
Mean (SD)

Disc 
degeneration 
(n = 46)
Mean (SD)

P-value*

Function 4.0 (0.8) 3.8 (0.6) 0.048
Pain 3.7 (0.9) 3.5 (0.9) 0.046
Self-image 3.2 (0.9) 3.0 (0.9) 0.069
Mental health 3.8 (0.9) 3.7 (0.8) 0.822
Management 

 satisfactiona
3.7 (1.0) 3.4 (1.0) 0.059

Overall 3.7 (0.7) 3.5 (0.6) 0.073
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yet able to correlate pre-operative DDD with post-operative 
outcomes. We also did not assess curve characteristics for 
all participants included in the study, principally due to the 
large cohort size and subsequent resource limitations. Lastly, 
as Pfirrmann grading was performed by one reviewer only it 
was impossible to assess interobserver reliability, which has 
been reported as variable in the literature [13, 34].

Conclusion

The rate of DDD in our conservatively managed AIS popula-
tion is 9.6%, being of Pfirrmann grade ≥ 3 in 2.9%. The most 
commonly affected disc was L5/S1, which was involved in 
59.1% of cases. Rates of spondylolisthesis and bilateral pars 
defects were significantly higher in patients with radiologi-
cally identified DDD. Function and pain scores as reported 
on SRS-22 questionnaires were statistically significantly 
worse in patients with DDD, although clinical significance 
remains to be determined.

While many studies have explored the long-term effects 
of surgical treatment for AIS on disc health, none prior to 
this have provided a reliable baseline rate of DDD in non-
operative patients. Our study addresses this gap and pro-
vides valuable insights into the prevalence and severity of 
pre-existing DDD in AIS patients, as well as its impact on 
patient symptomatology. This should assist in decision-
making and counselling of patients prior to surgery and 
should guide future research on the long-term impact of 
spinal fusion.
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