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Background and purpose — Adults treated surgically 
for lumbar disc herniation in adolescence have a higher 
degree of lumbar disc degeneration than controls. We aimed 
to establish whether the degree of lumbar degeneration dif-
fers at diagnosis or at follow-up between surgically and non-
surgically treated individuals.

Methods — We identified individuals with a lumbar 
disc herniation in adolescence diagnosed with magnetic 
resonance imaging (MRI) and contacted them for follow-
up MRI. Lumbar degeneration was assessed according to 
Pfirrmann, Modic, and total end plate score (TEP score). 
Patient-reported outcome measures at follow-up comprised 
the Oswestry Disability Index (ODI), EQ-5D-3-level ver-
sion, 36-Item Short Form Health Survey (SF-36), and Visual 
Analogue Scale (VAS) for back and leg pain. Fisher’s exact 
test, Mann–Whitney U tests, Wilcoxon tests, and logistic 
regression were used for statistical analysis.

Results — MRIs were available at diagnosis and after a 
mean of 11.9 years in 17 surgically treated individuals and 
14 non-surgically treated individuals. Lumbar degeneration 
was similar at diagnosis (P = 0.2) and at follow-up, with the 
exception of higher TEP scores in surgically treated indi-
viduals at levels L4–L5 and L5–S1 at follow-up (P ≤ 0.03), 
but this difference did not remain after adjustment for age 
and sex (P ≥ 0.8). There were no significant differences in 
patient-reported outcome measures between the groups at 
follow-up (all P ≥ 0.2).

Conclusion — Adolescents with a lumbar disc herniation 
have, irrespective of treatment, a similar degree of lumbar 
degeneration at the time of diagnosis, and similar lumbar 
degeneration and patient-reported outcomes at long-term 
follow-up.

The incidence of surgery for lumbar disc herniation in Sweden 
is 29/100,000 with adolescents accounting for 1.4% of all sur-
geries [1,2]. The risk of additional lumbar spine surgery after 
surgery for lumbar disc herniation in adolescence is around 
11%, and similar to the risk seen in young adults [3]. This 
could indicate that lumbar disc herniation in adolescence is 
associated with an early start of lumbar degeneration.

More than a decade after surgery, a higher degree of lumbar 
degeneration has been observed after lumbar disc herniation 
surgery in adolescence when compared with controls [4]. To 
our knowledge, there has been no previous research on the 
prevalence and progression of lumbar degeneration in adoles-
cents (at or below the age of 18) with lumbar disc herniation.  
It is not known whether the degree of degeneration at the time 
of diagnosis in adolescents treated surgically differs from the 
degree of degeneration in individuals treated non-surgically. 
Nor is it known whether the degree of degeneration differs 
in the long term. The aim of this study was to compare the 
degree of degeneration at the time of diagnosis and in the long 
term for adolescents treated surgically and non-surgically for 
lumbar disc herniation. We hypothesized a significant increase 
in the degree of degeneration, irrespective of treatment.

Methods
Study design
The checklist STrengthening the Reporting of OBservational 
studies in Epidemiology (STROBE) has been used when pre-
paring this manuscript.

Adolescents who had been treated surgically for lumbar disc 
herniation after a period of non-surgical management at or 
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below 18 years of age between January 1998 and March 2011 
and living in Stockholm County at the time of follow-up were 
identified using the national Swedish spine registry (www.swes-
pine.se). A comparison between the identified 23 surgically 
treated individuals and 23 healthy controls has been reported 
earlier [4]. The cohort in the current study consists of 17 of the 
23 individuals in whom we could identify a complete preopera-
tive MRI taken at the time of diagnosis. All surgeries consisted 
of removal of the herniated disc on a single level performed with 
(n = 8) or without (n = 9) the use of a surgical microscope. 

The non-surgically treated individuals had been diagnosed 
with lumbar disc herniation at or under 18 years of age between 
January 2004 and December 2016, and were identified based on 
the ICD-10 codes M51.1 and M51.1K in the hospital files of the 
Karolinska University Hospital, Stockholm, Sweden. All charts 
were screened for diagnosis verification. 63 individuals were 
contacted by mail and asked to participate in the study. When 
reviewing the group, 35 individuals were found to have had 
surgery for lumbar disc herniation a median 0.3 (25th–75th per-
centile [IQR] 0.1–1.3) years after diagnosis and were excluded. 

The MRIs at diagnosis were for both groups collected from 
the Picture Archiving and Communications System (PACS) at 
Karolinska University Hospital. All disc herniations at diag-
nosis were retrospectively classified according to the Michi-
gan State University (MSU) classification for size (1, 2, 3; 1 
being the smallest and 3 the largest herniation) and location (a, 
ab, b, c; a being the most central and c the most lateral loca-
tion) [5]. Signs of ring apophysis fracture were noted. 

The follow-up examinations for both groups were per-
formed at the MR Research Centre, Karolinska Institutet, 
Stockholm, Sweden. The follow-up MRI examinations for 
the 17 surgically treated individuals took place between May 
2019 and January 2020, a mean 13.1 years after diagnosis. 
The follow-up MRI examinations for the 14 included non-sur-
gically treated individuals took place between June 2021 and 
September 2021, a mean 10.5 years after diagnosis. 

Follow-up imaging data was acquired with identical 
sequences for both groups with the use of a 3.0-T MRI scan-
ner (Discovery MR750; GE Healthcare, Chicago, IL, USA). 
Imaging included sagittal T1-weighted, T2-weighted, and 
Short Tau Inversion Recovery (STIR) sequences of the lumbar 
spine. Follow-up questionnaires for both groups were retrieved 
in conjunction with the follow-up MRI examinations.

Degeneration
Disc degeneration was assessed using the Pfirrmann classifi-
cation on sagittal T2-weighted MRI sequences [6]. In grade 
1, the disc structure is homogeneous with a normal disc 
height and a hyperintense white signal intensity. If the disc 
structure is inhomogeneous and the distinction between the 
nucleus pulposus and anulus fibrosus is clear, with or without 
horizontal grey bands, the disc is scored as grade 2. In grade 
3 the disc is normal in height or slightly decreased with an 

inhomogeneous structure, an intermediate grey signal inten-
sity, and the distinction between nucleus pulposus and anulus 
fibrosus is unclear. A disc is scored as grade 4 if the disc is 
inhomogeneous in its structure with a hypointense dark-grey 
signal intensity, lost distinction between the nucleus pulposus 
and anulus fibrosus, and a disc height normal to moderately 
decreased. Lastly, in grade 5 the disc space is collapsed, and 
the disc structure is inhomogeneous with a hypointense black 
signal intensity. 

Figure 1. Baseline and follow-up MRI of a surgically treated individual 
(top) and a non-surgically treated individual (bottom) with disc hernia-
tions at level L5–S1. Baseline MRIs are shown on the left, and follow-
up MRIs on the right. Degeneration according to Pfirrmann in the sur-
gically treated individuals progressed from 1 to 3 at level L2–L3 and 
L3–L4, from 2 to 4 at L4–L5, and from 2 to 5 at L5–S1. Modic type 
2 changes are seen at the L5–S1 level. In the non-surgically treated 
individuals, degeneration according to Pfirrmann progressed from 1 to 
3 at L3–L4 and from 2 to 4 at L5–S1.
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width. In type 5, the defects cover up to 50% of the endplate 
width and in type 6 there is complete endplate damage with 
sclerosis. Depression of disc space is usually present from 
type 4–6. The endplate defect types were calculated into total 
endplate score (TEP score) in which the defect types, above 
and below the disc, were summated for each segment. A TEP 
score of 6 or higher is associated with a high incidence of 
degenerative disc disease [8]. 

All MRI evaluations were blinded as to the treatment and 
performed by one of the authors (MS), an experienced neuro-
radiologist. Figure 1 show examples of MRIs. 

Patient-reported outcome measures
At follow-up, the Oswestry Disability Index (ODI) 2.1a, 
EQ-5D-3 level, 36-Item Short Form Health Survey (SF-36), 
and the Visual Analogue Scale (VAS) for back and leg pain 
were used. 

The ODI is a measure of back-related disability and ranges 
between 0 (no disability) and 100 (maximum disability) (9). 
The ODI 2.1a version was used. 

EQ-5D-3L represents the societal perspective on health and 
the answers are translated to an index. We used the United 
Kingdom time trade-off tariff (UK-TTO) ranging from −0.59 
(worst) to 1.0 (best) [10].

The SF-36 is a health survey comprising 36 questions mea-
suring the respondent’s physical and mental health. We report 
the summary measures Physical Component Summary Score 
(PCS) and Mental Component Summary Score (MCS) rang-
ing from 0 (worst) to 100 (best) [11]. 

VAS for back and leg pain during the last week range 
between 0 (no pain) to 100 (maximum pain).

Current and previous smokers were asked to declare the 
number of cigarettes smoked per day and for how long they 
had been smoking. Pack years were calculated as the number 
of cigarettes per day times years smoking, divided by 20.

To assess strain related to occupation, the respondents were 
asked to describe their occupation by choosing one of 4 levels: (1) 

mainly sedentary, (2) mobile to some extent with no heavy lifting, 
(3) moderately heavy labor, and (4) heavy manual labor [12].

Statistics
Data is shown as number, mean (95% confidence interval 
[CI]), or median with 25th to 75th percentile (IQR). For statis-
tical comparisons of continuous independent variables and for 
categorical variables, the Mann–Whitney U test and Fisher’s 
exact test were used, respectively. The Wilcoxon signed-rank 
test was used for paired sample analysis of continuous vari-
ables. Logistic regression was used when adjustment for age 
and sex was performed. Pfirrmann grading was dichotomized 
into absence of degeneration (grade 1) and presence of degen-
eration (grade 2–5). Modic types were dichotomized into 
absence (type 0) or presence (type 1–3) of changes, and TEP 
scores were dichotomized as < 6 or ≥ 6. 

Any missing data was handled by case-by-case exclusion in 
the analyses. Statistical analysis was performed in IBM SPSS 
Statistics version 28 (IBM Corp, Armonk, NY, USA) and in R, 
version 4.2.3 (2023-03-15 ucrt) (R Foundation for Statistical 
Computing, Vienna, Austria).

Significance level was set to P < 0.05.

Ethics, registration, data sharing, funding, and disclosures
Written informed consent was obtained from all included 
individuals. Ethical permission for this study was given by 
the Ethical Review Board in Stockholm, Sweden (number 
2012/206-31/1, 2018/299-31/1 and 2019-01713). PG was sup-
ported by Region Stockholm (ALF), Region Stockholm in a 
clinical research appointment, by CIMED, Karolinska Institu-
tet, Uppsala University, and the Swedish Research Council. TL 
was supported by grants from HRH Crown Princess Lovisa’s 
Society for Child Care and the Swedish Society of Spinal 
Surgeons. SB was supported by grants from the Sven Jerring 
Foundation. The authors have no conflicts of interest. Complete 
disclosure of interest forms according to ICMJE are available 
on the article page, doi: 10.2340/17453674.2024.39944

SURGICAL GROUP
Treated for lumbar 

disc herniation
n = 40

NON-SURGICAL GROUP
Treated for lumbar disc herniation

with available baseline MRI
n = 63

Declined participation or
contraindications to MRI

n = 17

No available baseline
(preoperative) MRI

n = 6

Undergoing follow-up MRI
n = 23

SURGICAL GROUP with
baseline and follow-up MRI

n = 17

Surgery for lumbar
disc herniation

n = 35

Declined participation or
contraindications to MRI

n = 14

Continued non-surgical treatment
n = 28

NON-SURGICAL GROUP with
baseline and follow-up MRI

n = 14

Figure 2. Flowchart of the participants.

The vertebral body endplates were assessed 
according to Modic et al. using sagittal T1- 
and T2-weighted sequences and sagittal STIR 
sequences [7]. Type 0 represents no degen-
erative changes. If there is the presence of 
oedema, this is scored as type 1. Type 2 repre-
sents marrow replaced by fat. If there are signs 
of sclerosis in the subchondral plate, this is 
scored as type 3. 

Endplate defects were assessed according 
to Rajasekaran et al. using sagittal T1- and 
T2-weighted and STIR sequences [8]. Type 1 
represents no defects with a uniform hypoin-
tense band. Type 2 represents focal thinning 
of the endplate. In type 3, there are focal disc 
marrow contacts. In type 4, the defects in 
the endplate cover up to 25% of the endplate 
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Results

We included 17 surgically treated individuals with both a 
baseline and a follow-up MRI, and 28 individuals with contin-
ued non-surgical treatment with a baseline MRI, of whom 14 
had a follow-up MRI (Figure 2). 

At baseline, surgically treated individuals were older than 
the non-surgically treated individuals (Table 1). There were no 
statistically significant differences in lumbar degeneration at 
baseline (Table 1), and the result was similar when only con-

sidering the levels with the largest disc herniations (data not 
shown, all P > 0.1). Disc herniations tended to be smaller in 
the non-surgical group than in the surgical group, although not 
statistically significant (Table 1). Ring apophyseal fractures 
were seen in 3 non-surgically treated individuals (Table 1). 

At the time of follow-up, the surgically treated group was 
aged median 30.0 (IQR 28.7–31.4) years and the non-surgi-
cally treated group was aged 25.5 (IQR 23.2–27.8) years (P 
= 0.002). Corresponding data for body mass index was 23.3 
(IQR 21.6–24.9) and 26.1 (IQR 23.4–28.5) (P = 0.07) and for 
pack years 0 (IQR 0–0.3) and 0 (IQR 0–0.1) (P = 0.2). Occu-
pational load did not differ significantly between the groups (P 
= 0.3). At the time of follow-up, 7 individuals in the surgical 
group had been operated on a second time in the lumbar spine, 
and 6 of these were performed at the index level. 2 of them 
were operated on a third time at the index level.

From baseline to follow-up, there was a statistically signifi-
cant progression in degeneration within both groups accord-
ing to Pfirrmann at levels L3–S1 (all P ≤ 0.04). In the surgi-
cally treated group, there was a statistically significant pro-
gression of degeneration according to Modic at level L4–L5 
(P = 0.007) and TEP score at all levels (all P < 0.04).

At follow-up, there were no statistically significant differ-
ences between the groups in degeneration according to Pfir-
rmann or Modic, while the surgically treated individuals had 
a significantly higher TEP score at levels L4–S1 (Table 2). 
There were no significant differences in degeneration at fol-
low-up between the groups after adjustment for age and sex 
in logistic regressions (data not shown, all P ≥ 0.8). The result 
was similar when only considering the levels with the largest 

Table 1. Baseline characteristics including disc degeneration 
according to Pfirrmann, Modic, and Rajasekaran (TEP score) in sur-
gically and non-surgically treated individuals at baseline: size and 
location of the largest disc herniation is shown and based on the 
Michigan State University (MSU) classification (see methods for 
explanation) [5]. P values are given for Fisher’s exact test or Mann–
Whitney U test. Values are median (IQR) unless otherwise specified

		  Non-surgically
	 Surgically 	 treated group
	 treated	 Follow-up MRI
	 group	 yes	 no		
Factor	 (n = 17)	 (n = 14)	 (n = 14)	 P value a 	P value b

Mean age	 17.1	 15.1	 14.9	 0.002	 0.8
 (CI)	 16.4–17.7	 13.3–16.7	 14.1–17.3	
Females, n	   9	 10	   8	 0.5	 0.7
Level of largest disc herniation, n			 
 L1–L2	   0	   0	   1	 0.1	 1.0
 L4–L5	   5	   8	   7		
 L5–S1	 12	   6	   6		
Size of disc herniation, n				  
 1	   1	   2	   6	 0.1	 0.1
 2	 12	 10	   8		
 3	   4	   2	   0		
Location of disc herniation, n			 
 a	   4	   8	   8	 0.09	 0.5
 ab	   9	   3	   5		
 b	   4	   3	   1		
Ring apophyseal
 fracture, n	   0	   1	   2	 0.3	 1.0
Pfirrmann					   
 L1–L2	 1 (1–1)	 1 (1–1)	 1 (1–1)	 0.6	 0.8
 L2–L3	 1 (1–1)	 1 (1–1)	 1 (1–1)	 1.0	 1.0
 L3–L4	 1 (1–1)	 1 (1–1)	 1 (1–1)	 0.7	 0.8
 L4–L5	 2 (1–2)	 2 (1–2)	 2 (1–2)	 0.7	 1.0
 L5–S1	 2 (2–2)	 2 (2–3)	 1 (1–2.75)	 0.7	 0.1
Modic					   
 L1–L2	 0 (0–0)	 0 (0–0)	 0 (0–0)	 0.5	 0.5
 L2–L3	 0 (0–0)	 0 (0–0)	 0 (0–0)	 N/A	 N/A
 L3–L4	 0 (0–0)	 0 (0–0)	 0 (0–0)	 N/A	 N/A
 L4–L5	 0 (0–0)	 0 (0–0)	 0 (0–0)	 0.5	 1.0
 L5–S1	 0 (0–0)	 0 (0–0)	 0 (0–0)	 1.0	 1.0
TEP score					   
 L1–L2	 2 (2–2)	 2 (2–2)	 2 (2–2)	 0.3	 0.5
 L2–L3	 2 (2–2)	 2 (2–2)	 2 (2–2)	 1.0	 1.0
 L3–L4	 2 (2–2)	 2 (2–2)	 2 (2–2)	 1.0	 1.0
 L4–L5	 2 (2–2)	 2 (2–2)	 2 (2–2)	 0.2	 0.7
 L5–S1	 2 (2–2)	 2 (2–2)	 2 (2–2)	 0.9	 0.5

N/A = not applicable, tied data. 
a Surgically treated group vs. all non-surgically treated.
b Non-surgically treated with MRI follow-up vs. non-surgically treated 
without MRI follow-up.

Table 2. Disc degeneration according to Pfirrmann, Modic. 
and Rajasekaran (TEP score) in surgically and non-surgically 
treated individuals at follow-up. Values are median (IQR) 

 	 Surgically	 Non-surgically
 	 treated group	 treated group
Factor	 (n = 17)	 (n = 14)	 P value a

Pfirrmann			 
 L1–L2	 1 (1–1)	 1 (1–1)	 0.9
 L2–L3	 1 (1–1) 	 1 (1–1)	 0.9
 L3–L4	 1 (1–3) 	 1 (1–2) 	 1.0
 L4–L5	 3 (2–4) 	 3 (1–4) 	 0.5
 L5–S1	 3 (3–4)	 3 (3–4) 	 0.6
Modic			 
 L1–L2	 0 (0–0)	 0 (0–0)	 N/A
 L2–L3	 0 (0–0)	 0 (0–0)	 1.0
 L3–L4	 0 (0–0)	 0 (0–0)	 0.5
 L4–L5	 0 (0–2)	 0 (0–0) 	 0.3
 L5–S1	 0 (0–2)	 0 (0–0)	 0.7
TEP score			 
 L1–L2	 2 (2–4)	 2 (2–2) 	 0.2
 L2–L3	 2 (2–4)	 2 (2–2)	 0.3
 L3–L4	 2 (2–4)	 2 (2–2)	 0.3
 L4–L5	 5 (2–10) 	 2 (2–5) 	 0.03
 L5–S1	 6 (5–10)	 2 (2–5)	 < 0.001
 
N/A = not applicable, tied data. 
a Fisher’s exact test or Mann–Whitney U test.
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disc herniations, after adjustment for age and sex (data not 
shown, all P > 0.1). 

Patient-reported outcome measures
There were no statistically significant differences in patient-
reported outcome measures between surgically treated and 
non-surgically treated individuals (Table 3).

Non-responder analysis
There were no statistically significant differences in age at 
diagnosis or sex between the 23 responders and the 17 non-
responders in the surgically treated group (P = 0.6 and P = 
1.0). There were no statistically significant differences in age 
at diagnosis, sex, size and location of the disc herniation, or 
disc degeneration between the 14 responders and 14 non-
responders in the non-surgically treated group (Table 1). 

Discussion

We aimed to establish whether the degree of lumbar degenera-
tion differs at diagnosis or at follow-up between surgically and 
non-surgically treated individuals. We found that adolescents 
with a lumbar disc herniation have, irrespective of treatment, 
a similar degree of lumbar degeneration at the time of diag-
nosis, and similar lumbar degeneration and patient-reported 
outcomes at long-term follow-up.

The current study, and our previous studies [3,4], make it 
apparent that lumbar disc herniation in adolescence is indica-
tive of an early degenerative process in the lumbar spine. 
Some evidence of disc degeneration was seen in the lower 
lumbar levels already at baseline, corresponding to the levels 
affected by disc herniations. That age is an important factor 
in the degenerative processes in the spine is well described 
[13-15], but the prevalence of disc degeneration in adolescents 
with or without lumbar disc herniation has not been com-
pletely established [16,17]. 

Our hypothesis of an increase in the degree of disc degen-
eration in both study groups with time was confirmed and 
expands the current knowledge base. Others have reported 
that the extent of disc herniation in asymptomatic individuals 
is related to progression of disc degeneration [18], although 
tear of the annulus fibrosus itself, which is likely part of the 
process of developing a disc herniation, is not a predictor for 
accelerated disc degeneration [19]. Disc degeneration is more 
prevalent in youths with lumbar back pain, but its association 
with future pain or disability is weak [17,20-23]. Longer fol-
low-ups would help us define the relationships between disc 
degeneration, symptoms, and additional spine surgery. 

The total endplate score was larger in the lower lumbar levels 
in the surgically treated group at follow-up. Endplate defects 
covary with disc degeneration [15,24], and a higher total end-
plate score is associated with progression of disc degeneration 
and Modic changes, and is also age-dependent [25]. The mean 
4.5-year difference in age at follow-up between the 2 study 
groups is probably the reason for the difference, and adjust-
ment for age resulted in non-significance in the logistic regres-
sions. In other words, a presumably worse clinical presenta-
tion and possibly larger lumbar disc herniation in individuals 
admitted for surgery during adolescence was not reflected in a 
higher degree of degeneration at the time of presentation or at 
later follow-up compared with a non-surgically treated group. 

Quality of life	
Several studies suggest that non-surgical treatment is less 
effective in adolescents than in adults [26], and our data also 
shows that the majority of individuals eventually underwent 
surgery. A proposed explanation for the less effective non-
surgical management in adolescents is that the less degener-
ated and more viscous discs in youth take longer to resorb 
[27]. Even though a large number of adolescent patients with 
lumbar disc herniations are eventually treated with surgery, 
the treatment is considered successful [4,28,29]. Nonetheless, 
even though most of the patients are satisfied with their sur-
gery, they experience more back pain, disability, and lower 
quality of life compared with healthy controls [4]. 

At follow-up, there were no differences in quality-of-
life measures between the surgically and the non-surgically 
treated groups. The finding that patient-reported outcome in 
surgically and non-surgically treated individuals is similar in 
the long-term is consistent with studies on adults [30,31]. This 
strengthens the evidence of non-surgical treatment as an effec-
tive treatment for lumbar disc herniation in adolescents also, 
notwithstanding the possible differences of outcome in the 
short term. In addition, non-surgical treatment is not associ-
ated with the risk of complications that surgery poses, making 
it the first-line treatment [26].

Strengths and limitations
The strengths of this study are the long follow-up time, and 
the use of validated and well-established outcome measures. 

Table 3. Comparison of VAS for back and leg pain, ODI, EQ-5D-3L, 
SF-36 PCS, and SF-36 MCS between surgically and non-surgically 
treated individuals at follow-up. Values are as mean (CI) 

 	 Surgically	 Non-surgically
 	 treated group	 treated group
Score	 (n = 17)	 (n = 14)	 P value a

VAS back	 20 (9–32)	 24 (12–36)	 0.5
VAS leg	 8 (2–14)	 14 (1–27)	 0.8
ODI	 12 (7–17)	 12 (5–19)	 1.0
EQ-5D-3L	 0.81 (0.71–0.91)	 0.76 (0.65–0.87)	 0.3
SF-36 PCS	 50 (47–53)	 48 (43–53)	 0.6
SF-36 MCS	 50 (46–54)	 45 (40–51)	 0.2

VAS = Visual Analogue Scale for pain, ODI = Oswestry Disability Index, 
SF-36 = 36-Item Short Form Health Survey, PCS = Physical Compo-
nent Summary score, MCS = Mental Component Summary score.
a Mann–Whitney U-test.
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Limitations are as follows. The sample sizes were small, as 
the response rates were low from a relatively small group of 
individuals with a rare condition. The non-responder analysis 
indicates that at least there were no sex, disc herniation, or disc 
degeneration related differences at the time of diagnosis. Indi-
viduals were included based on age and not maturity status, 
so any associations between maturity and disc degeneration 
at baseline cannot be determined. Cross-sectional data from 
the Swespine registry covers only surgically treated individu-
als. Thus, comparison of patient-reported outcome measures 
at baseline between the groups is not feasible. It is likely that 
the individuals who underwent surgery had more symptoms 
than the non-surgically treated individuals.

Conclusions
Our study showed that the degree of lumbar degeneration is 
not associated with the choice of treatment. Furthermore, as 
seen in adults, surgically and non-surgically treated individu-
als report similar patient-reported outcome measures in the 
long term. Surgery does not seem to accelerate lumbar degen-
eration compared with non-surgical treatment. 

TL, MS, KJ and PG conceived the idea, designed and directed the study and 
are accountable for all aspects of the work. SP and TL collected question-
naire and patient data. SP did the statistical analyses and drafted the manu-
script with input from TL and PG. SP, SB, and TL performed the MRI exam-
inations, supervised by TL and KJ. MS analyzed all MRI examinations. All 
contributed with interpretation of the results and manuscript comments. PG 
edited the manuscript before submission and is the corresponding author. 
PG supported the study with grants for the ethical application, data retrieval 
and external statistical advice.

Handling co-editor: Ilkka Helenius
Acta thanks Matti Ahonen, Muharrem Yazici, and one anonymous reviewer 
for help with peer review of this manuscript.

1. 	 Lagerbäck T, Elkan P, Möller H, Grauers A, Diarbakerli E, Gerd-
hem P. An observational study on the outcome after surgery for 
lumbar disc herniation in adolescents compared with adults based on 
the Swedish Spine Register. Spine J 2015; 15: 1241-7. doi: 10.1016/j.
spinee.2015.02.024.

2. 	 Lagerbäck T, Fritzell P, Hägg O, Nordvall D, Lønne G, Solberg T 
K, et al. Effectiveness of surgery for sciatica with disc herniation is not 
substantially affected by differences in surgical incidences among three 
countries: results from the Danish, Swedish and Norwegian spine regis-
tries. Eur Spine J 2019; 28: 2562-71. doi: 10.1007/s00586-018-5768-9.

3. 	 Lagerbäck T, Möller H, Gerdhem P. Lumbar disc herniation surgery 
in adolescents and young adults: a long-term outcome comparison. Bone 
Joint J 2019; 101-B: 1534-41. doi: 10.1302/0301-620X.101B12.BJJ-
2019-0621.R1.

4. 	 Lagerbäck T, Kastrati G, Möller H, Jensen K, Skorpil M, Gerdhem 
P. MRI characteristics at a mean of thirteen years after lumbar disc her-
niation surgery in adolescents: a case-control study. JBJS Open Access 
2021; 6. doi: 10.2106/JBJS.OA.21.00081.

5. 	 Mysliwiec L W, Cholewicki J, Winkelpleck M D, Eis G P. MSU clas-
sification for herniated lumbar discs on MRI: toward developing objec-
tive criteria for surgical selection. Eur Spine J 2010; 19: 1087-93. doi: 
10.1007/s00586-009-1274-4.

6. 	 Pfirrmann C W, Metzdorf A, Zanetti M, Hodler J, Boos N. Magnetic 
resonance classification of lumbar intervertebral disc degeneration. Spine 
(Phila Pa 1976) 2001; 26: 1873-8. doi: 10.1097/00007632-200109010-
00011.

7. 	 Modic M T, Steinberg P M, Ross J S, Masaryk T J, Carter J R. 
Degenerative disk disease: assessment of changes in vertebral body 
marrow with MR imaging. Radiology 1988; 166: 193-9. doi: 10.1148/
radiology.166.1.3336678.

8. 	 Rajasekaran S, Venkatadass K, Naresh Babu J, Ganesh K, Shetty A 
P. Pharmacological enhancement of disc diffusion and differentiation of 
healthy, ageing and degenerated discs: results from in-vivo serial post-
contrast MRI studies in 365 human lumbar discs. Eur Spine J 2008; 17: 
626-43. doi: 10.1007/s00586-008-0645-6.

9. 	 Fairbank J C, Pynsent P B. The Oswestry Disability Index. Spine (Phila 
Pa 1976) 2000; 25: 2940-52; discussion 2952. doi: 10.1097/00007632-
200011150-00017.

10. 	Dolan P. Modeling valuations for EuroQol health states. Med Care 1997; 
35: 1095-108. doi: 10.1097/00005650-199711000-00002.

11. 	Ware J E. SF-36 health survey update. Spine (Phila Pa 1976) 2000; 25: 
3130-9. doi: 10.1097/00007632-200012150-00008.

12. 	Saltin B, Grimby G. Physiological analysis of middle-aged and old 
former athletes: comparison with still active athletes of the same ages. 
Circulation 1968; 38: 1104-15. doi: 10.1161/01.cir.38.6.1104.

13. 	Bernick S, Walker J M, Paule W J. Age changes to the anulus fibrosus 
in human intervertebral discs. Spine (Phila Pa 1976) 1991; 16: 520-4. doi: 
10.1097/00007632-199105000-00006.

14. 	Boos N, Weissbach S, Rohrbach H, Weiler C, Spratt K F, Nerlich A 
G. Classification of age-related changes in lumbar intervertebral discs: 
2002 Volvo Award in basic science. Spine (Phila Pa 1976) 2002; 27: 
2631-44. doi: 10.1097/00007632-200212010-00002.

15. 	Rade M, Määttä J H, Freidin M B, Airaksinen O, Karppinen J, Wil-
liams F M K. Vertebral endplate defect as initiating factor in interverte-
bral disc degeneration: strong association between endplate defect and 
disc degeneration in the general population. Spine (Phila Pa 1976) 2018; 
43: 412-19. doi: 10.1097/BRS.0000000000002352.

16. 	Urrutia J, Zamora T, Prada C. The prevalence of degenerative or inci-
dental findings in the lumbar spine of pediatric patients: a study using 
magnetic resonance imaging as a screening tool. Eur Spine J 2016; 25: 
596-601. doi: 10.1007/s00586-015-4099-3.

17. 	Lund T, Schlenzka D, Lohman M, Ristolainen L, Kautiainen H, 
Klemetti E, et al. The intervertebral disc during growth: signal intensity 
changes on magnetic resonance imaging and their relevance to low back 
pain. PLoS One 2022; 17: e0275315. doi: 10.1371/journal.pone.0275315.

18. 	Elfering A, Semmer N, Birkhofer D, Zanetti M, Hodler J, Boos N. 
Risk factors for lumbar disc degeneration: a 5-year prospective MRI 
study in asymptomatic individuals. Spine (Phila Pa 1976) 2002; 27: 125-
34. doi: 10.1097/00007632-200201150-00002.

19. 	Farshad-Amacker N A, Hughes A P, Aichmair A, Herzog R J, Far-
shad M. Is an annular tear a predictor for accelerated disc degeneration? 
Eur Spine J 2014; 23: 1825-9. doi: 10.1007/s00586-014-3260-8.

20. 	Sääksjärvi S, Kerttula L, Luoma K, Paajanen H, Waris E. Disc 
degeneration of young low back pain patients: a prospective 30-year fol-
low-up MRI study. Spine (Phila Pa 1976) 2020; 45: 1341-7. doi: 10.1097/
BRS.0000000000003548.

21. 	Takatalo J, Karppinen J, Niinimäki J, Taimela S, Näyhä S, Mutanen 
P, et al. Does lumbar disc degeneration on magnetic resonance imaging 
associate with low back symptom severity in young Finnish adults? Spine 
(Phila Pa 1976) 2011; 36: 2180-9. doi: 10.1097/BRS.0b013e3182077122.

22. 	Herlin C, Kjaer P, Espeland A, Skouen J S, Leboeuf-Yde C, Karp-
pinen J, et al. Modic changes—their associations with low back pain 
and activity limitation: a systematic literature review and meta-analysis. 
PLoS One 2018; 13: e0200677. doi: 10.1371/journal.pone.0200677.

23. 	Aavikko A, Lohman M, Ristolainen L, Kautiainen H, Osterman K, 
Schlenzka D, et al. ISSLS prize in clinical science 2022: accelerated disc 
degeneration after pubertal growth spurt differentiates adults with low 
back pain from their asymptomatic peers. Eur Spine J 2022; 31: 1080-7. 
doi: 10.1007/s00586-022-07184-0.



Acta Orthopaedica 2024; 95: 92–98  98

24. 	Duran S, Cavusoglu M, Hatipoglu H G, Sozmen Cılız D, Sakman 
B. Association between measures of vertebral endplate morphology and 
lumbar intervertebral disc degeneration. Can Assoc Radiol J 2017; 68: 
210-16. doi: 10.1016/j.carj.2016.11.002.

25. 	Farshad-Amacker N A, Hughes A, Herzog R J, Seifert B, Farshad M. 
The intervertebral disc, the endplates and the vertebral bone marrow as 
a unit in the process of degeneration. Eur Radiol 2017; 27: 2507-20. doi: 
10.1007/s00330-016-4584-z.

26. 	Dang L, Liu Z. A review of current treatment for lumbar disc herniation 
in children and adolescents. Eur Spine J 2010; 19: 205-14. doi: 10.1007/
s00586-009-1202-7.

27. 	Slotkin J R, Mislow J M, Day A L, Proctor M R. Pediatric disk disease. 
Neurosurg Clin N Am 2007; 18: 659-67. doi: 10.1016/j.nec.2007.08.001.

28. 	Cahill K S, Dunn I, Gunnarsson T, Proctor M R. Lumbar microdiscec-
tomy in pediatric patients: a large single-institution series. J Neurosurg 
Spine 2010; 12: 165-70. doi: 10.3171/2009.9.SPINE09756.

29. 	Ozgen S, Konya D, Toktas O Z, Dagcinar A, Ozek M M. Lumbar 
disc herniation in adolescence. Pediatr Neurosurg 2007; 43: 77-81. doi: 
10.1159/000098377.

30. 	Weber H. Lumbar disc herniation: a controlled, prospective study with 
ten years of observation. Spine (Phila Pa 1976) 1983; 8: 131-40. PMID: 
6857385.

31. 	Peul W C, van Houwelingen H C, van den Hout W B, Brand R, 
Eekhof J A, Tans J T, et al. Surgery versus prolonged conservative 
treatment for sciatica. N Engl J Med 2007; 356: 2245-56. doi: 10.1056/
NEJMoa064039.


