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Abstract

Purpose In this longitudinal cohort study, we investigated the relationship of disc degeneration (DD) after pubertal growth
spurt to future low back pain (LBP).

Methods A group of healthy volunteers underwent a semi-structured interview about LBP without trauma and a 1.5T lumbar
MRI at ages 18 and 34. A Pfirrmann Summary Score (PSS) was calculated by adding up the Pfirrmann grades of the three
lowest lumbar discs of each subject (range 3—15). The relationship of PSS at age 18 to LBP at age 34 was analyzed.

Results Forty-one participants had full data at both time points. Mean PSS at age 18 was 6.8 (SD 1.1) and 5.6 (SD 1.2)
for participants with or without LBP at age 34, respectively (»p =0.009). The OR (95% CI) of PSS at age 18 for LBP at age
34 was 5.46 (1.22 to 24.47) when adjusted for sex, BMI, smoking and physical activity. All participants but one with PSS
greater than 6 at age 18 reported LBP at age 34.

Conclusion This is the first study to suggest that DD may be associated with future LBP and the critical time frame seems to
be the pubertal growth spurt. Every 1-point increase in Pfirrmann grade at age 18 increased the risk of LBP 5.5-fold at age
34 when adjusted for sex, BMI, smoking and physical activity at age 34. All participants but one with at least one disc with
Pfirrmann grade 3 or higher at age 18 reported LBP at age 34.

Keywords Disc degeneration - Low back pain - Magnetic resonance imaging - Longitudinal - Relationship

Introduction

Despite a wealth of research on the relationship between
the clinical symptom of low back pain (LBP) and degen-
erative findings on magnetic resonance imaging (MRI), the
etiology of LBP remains poorly understood. Especially disc
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degeneration (DD) has been studied extensively in relation
to LBP, albeit with conflicting results. While MRI findings
traditionally associated with LBP are frequently observed in
asymptomatic individuals [1], DD appears to be more prev-
alent among both adolescents [2] and adults [3] experienc-
ing LBP. In the latest observational studies, the prevalence
of DD has been higher in individuals with LBP compared
to asymptomatic populations [4-6]. Specifically, Smith et
al. reported a significantly higher risk of consistent LBP at
the age of 27 years in individuals with DD graded as Pfir-
rmann 3 or higher, particularly if the disc changes were mul-
tilevel [4]. Additionally, both Tertimo et al. and Jamaludin
et al. identified severe DD, defined as at least one disc with
Pfirrmann grade S or a higher lumbar DD sum score [5], or
Pfirrmann grade 4 and 5 [6], increasing the likelihood of
experiencing LBP among individuals under 50 years of age.

Few studies have investigated whether DD on MRI pre-
dicts future LBP. A systematic review did not establish an
association between baseline MRI findings and future LBP,
at least partly due to differences in patient populations, MRI
findings of interest and clinical outcomes [7]. Moreover,
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baseline MRI findings and the rate of DD progression do
not seem to be associated with the risk of future LBP in a
5- to 30-year follow-ups [8—11]. Some evidence, however,
suggests that baseline DD may be associated with increased
LBP severity at a 6.4-year follow-up [9].

In previous cross-sectional studies, the occurrence of
DD, defined as Pfirrmann grade 3 or higher, has been rare
among asymptomatic pediatric populations aged under 10
[12, 13]. However, DD appears to become more prevalent
during the pubertal growth spurt [14]. Consequently, early
adulthood emerges as a relevant period to investigate the
relationship between DD and subsequent LBP. In this lon-
gitudinal cohort study involving a group of healthy volun-
teers, our goal was first, to analyze the relationship between
lumbar DD at the age of 18 and future LBP at the age of 34,
and second, to investigate whether a specific extent of DD
after the pubertal growth spurt increases the likelihood of
LBP in adulthood.

Methods

The data of the present study were analyzed from partici-
pants enrolled in a longitudinal prospective study on the
development of lumbar intervertebral discs from child-
hood to adulthood. In 1994, 208 2™ graders were randomly
selected from the urban capital area of Helsinki and invited
to participate in the study. Of the 108 children interested in
participating, 94 underwent the baseline examination at the
age of 8-9 years. Follow-up examinations were conducted
at the ages of 11-12 years (n=81) and 1819 years (n="71).
In 2021, all those participants whose contact details were
known (n=289 of the original 94 participants) were invited
to participate in a long-term follow-up at the age of 34
(n=48). Hereby, we concentrate on the time points of 18
and 34 years of age and report the results of the participants
who had a full data set at these study time points (n=41).

All study time points included a semi-structured inter-
view, a standard clinical examination, and a lumbar spine
MRI. At the age of 34, the following patient-reported out-
come measures (PROM) were added: NRS, Oswestry Dis-
ability Index (ODI), EQ-5D-5L and IPAQ (International
Physical Activity Questionnaire). The physical activity
level of the participants was reported in metabolic equiva-
lent (MET) hours per month.

Semi-structured interview and clinical examination
The semi-structured interview inquired about a history of

LBP without specific trauma (last week/last month/last year/
earlier), sports activities (discipline, for how long and how

@ Springer

many hours per week), and smoking status (never, quitted,
currently smoking).

The participants’ height and sitting height were measured
with a stadiometer and weight with a balance-beam scale.
Body Mass Index (BMI) was calculated using the standard
formula for adults (weight in kilograms divided by the
square of height in meters).

MRI investigation

All the MRI investigations were performed before 10 am to
prevent possible diurnal variation in the disc signal intensity
(SI). The MRIs at the ages of 18 and 34 were acquired using
a 1.5T high-field scanner with a dedicated spine coil (at age
18: Siemens Symphony, Siemens, Erlangen, Germany; at
age 34: Canon Vantage Orian, Canon Medical Systems Cor-
poration, Otawara, Japan).

According to the original study protocol, at the age of
18 only T2 sagittal sequences were performed using the
following parameters: TR 4630 ms, TE 107ms, FOV 280,
image matrix 384 x 288, slice thickness 4.0 mm, interslice
gap 0.4 mm, acq.2.

At the age of 34 the imaging parameters for a standard
lumbar MRI were: T2 sagittal sequence (TR 4950ms, TE
120 ms, FOV 300, slice thickness 3.5 mm, interslice gap
0.3 mm, acq2); T1 sagittal sequence (TR 500ms, TE 9 ms,
FOV 300, slice thickness 3.5 mm, interslice gap 0.3 mm,
acql); STIR sagittal sequence (TR 4600ms, TE 50 ms,
TI 125, FOV 300, slice thickness 3.5 mm, interslice gap
0.3 mm, acql); T2 axial sequence with imaging planes in
the direction of the three lowest discs 1 +1+1 (TR 3150m:s,
TE 120 ms, FOV 220, slice thickness 3 mm, interslice gap
0.3 mm, acql).

MRI assessment

The three lowest lumbar discs were visually assessed on
mid-sagittal T2-weighted images using the Pfirrmann clas-
sification [15]. A musculoskeletal radiologist (fourth author)
and a spine surgeon (last author) independently classified
the intervertebral discs without knowledge of the partici-
pants LBP status or previous DD findings. In case of dis-
crepancy, the independent assessment of a third evaluator
(fifth author) was used for consensus. The individual Pfir-
rmann grades of the three discs were added up for a Pfir-
rmann Summary Score (PSS, range 3—15) [16].

This study was conducted according to the Declaration
of Helsinki for research on human participants. The ethi-
cal approval for the original study was granted by the Eth-
ics Committee of the Invalid Foundation (later Research
Institute Orton) on January 22, 1993. For the long-term
follow-up, the study protocol was approved by the Ethics
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Table 1 Characteristics of the

Age 34 P-value
study subjects according to LBP No LBP N=10 LBP N=31
at age 34
Age 18
Women, n (%) 3(30) 18(56) 0.15
BMI, mean (SD) 22.6(4.5) 23.2(3.6) 0.67
Smoking, n (%) 0(0) 9(29) 0.09
Physical activity (h/wk), median (IQR) 1.8(0.0,3.5) 2.0(0.0,4.0) 0.47
Age 34
BMI, mean (SD) 27.5(8.9) 26.7(4.1) 0.69
Smoking, n (%) 1(10) 6(19) 0.66
Physical activity (h/wk), median (IQR) 4.0(1.0,5.0) 4.0(1.5,7.5) 0.69
MET hour/month 101(111) 61(57) 0.15
Pain medication 0.035
No 10(100) 17(57)
Occasionally 0(0) 11(37)
Regularly 0(0) 2(7)
ODI, mean (SD) 22.9(1.8) 25.2(3.1) 0.045
EQ-5D-5L, mean (SD) 0.94(0.11) 0.89(0.12) 0.21
Committee of Helsinki University Hospital on December 9, 195 CNo LBP
2020. This approval authorized us to gain access to the con- HLBP
tact details of the original study participants from the Digital 9 -
and Population Data Services Agency, using their individual al
social security numbers. Furthermore, a written informed 3'
consent was obtained from the parents of each study par- o 8 1
ticipant before commencement of the study and from the 3
participants themselves before the long-term follow-up. U; 7
When applicable, this manuscript follows the STROBE @ E
s - . . . e
guidelines for reporting observational studies. €
g 8-
Statistical analysis <
I
Summary statistics were described using mean and stan- g 2
dard deviation (SD), median and interquartile range (IQR), a
or numbers as percentages. Statistical evaluations between 4 1
groups were analyzed using Student’s t-test, Mann—Whit-
ney U test, Pearson’s chi-squared test, and Fisher’s exact
test. Longitudinal data on the PSS was analyzed between 8- — T
groups with multilevel mixed-effects linear regression mod- 18 34
els using unstructured covariance structure. Mixed-effects Age, years

models included main effects (group and time) and their
interaction. Exact logistic regression models were used to
investigate factors related to LBP. Stata 17.0, StataCorp LP
(College Station, TX, USA) statistical package was used for
the analysis.

Results

Thirty-one (31) participants (76%) reported LBP at the age
of 34 years. A statistically significant difference in the use of
pain medication (0% vs. 35%, p=0.035) and in ODI (22.9
vs. 25.2, p=0.045) was noticed among the participants

Fig. 1 The mean Pfirrmann summary score at age 18 and 34 according
to LBP at age 34. Error bars are for 95% confidence intervals

without and with LBP at the age of 34, respectively. Table 1
for characteristics of the study population.

PSS at the age of 18 was significantly higher among par-
ticipants with LBP at the age of 34 compared to participants
without LBP at the age of 34: 6.8 (95% Confidence Inter-
val [CI] 6.4-7.2) versus 5.6 (95% CI 4.7-6.2), respectively
(»=0.009), Fig. 1. At the age of 34, the PSS was 7.6 (95%
CI 7.1-8.2) and 6.9 (95% CI 6.4-7.6) among participants
with and without LBP, respectively (p=0.20), Fig. 1.
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The OR (95% CI) of PSS at the age of 18 for LBP at the
age of 34 was 3.5 (1.08 to 11.8) when adjusted for sex and
5.46 (1.22 to 24.47) when adjusted for sex, BMI, smoking
and level of physical activity [17]. The OR (95% CI) of PSS
at the age of 34 for actual LBP at the age of 34 was 1.61
(0.76 to 3.42).

All participants except one with PSS higher than 6 at the
age of 18 reported LBP at the age of 34.

Discussion

In the current study, we utilized data from a longitudinal
prospective study on the development of lumbar interver-
tebral discs from childhood to adulthood in a cohort of
healthy randomly selected volunteers. Our specific aim was
to investigate the relationship between DD after the pubertal
growth spurt and future LBP. Further, we wanted to examine
whether a specific extent of DD in early adulthood is associ-
ated with LBP later in life. The main findings of our study
were two-fold: every 1-point increase in the Pfirrmann grade
of one of the three lowest discs at the age of 18 increased the
risk of LBP 5.5-fold at the age of 34 when adjusted with fac-
tors associated with occurrence of LBP [17]. Further, having
at least one disc with a Pfirrmann grade higher than 2 at the
age of 18 appeared to increase the likelihood of LBP at the
age of 34.

Few longitudinal studies have explored the relationship
between baseline MRI findings and future LBP. In a sys-
tematic review, no consistent relationship between baseline
MRI findings and a clinically important future LBP was
identified [7]. More recent longitudinal cohort studies have
not found a repationship between baseline MRI findings
and future LBP in a 5-year [8], 6.4-year [9], 10-year [10] or
30-year [11] follow-up. It is pertinent to note that in these
prior studies, the study populations were older compared to
the current study. In the systematic review, in studies focus-
ing on DD as the MRI finding of interest [7], the mean age
of the participants at baseline ranged from 35.2 to 44 years.
In the longitudinal study conducted by Iordanova Schistad
et al. [8], the mean age of participants at baseline was 47
years for men and 46 years for women. While Kasch et
al. [9] included younger subjects aged between 20 and 40
years, the mean age of the study population at baseline was
53.0 years (SD 13.7). Additionally, they did not report the
follow-up results based on age categories. Finally, the study
population of Tonosu et al. [10] had an average age of 44.9
years at the 10-year follow-up time point.

Sadksjarvi et al. [11] conducted a 30-year MRI follow-up
on 20-year-old males, which renders their study comparable
to the present one. They concluded that early lumbar DD
at a disc level was associated with accelerated DD at that
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specific disc level but not with future LBP. However, it is
worth noting that all their study participants had baseline
LBP severe enough to discharge them from military service.
Moreover, the authors did not have access to the baseline
MRI studies for assessing morphological disc changes and
thus had to rely on existing relative values of disc SI for
comparison. Their method involved using the disc with the
highest SI as a reference in a computerized SI measure-
ment, which could introduce error if the disc considered
the “healthiest” is already degenerated. Consequently, due
to these methodological disparities, comparing our find-
ings with those of Saéksjirvi et al. is difficult. In another
prospective MRI investigation of 20-22-year-old females,
almost one third of the subjects had DD at baseline; in these
subjects, the DD progressed rapidly during the 10-year fol-
low-up [18]. However, the authors did not investigate the
relationship between baseline DD and future LBP.

In our study, a significant difference in the extent of DD
between participants with or without LBP at the age of 34
was already observed at the age of 18. Notably, by the age of
34, the degree of DD in asymptomatic participants had pro-
gressed to a level comparable to their symptomatic peers.
This suggests that the relevant time frame for understanding
the relationship between DD and future LBP may be earlier
than previously studied, i.e., after the pubertal growth spurt.
Comparing our results with previous literature suggests that
establishing a relationship between baseline MRI findings
and future LBP in older age groups may pose challenges.

To our knowledge, this is the first study to investigate
whether a specific extent of DD at baseline increases the
likelihood of future LBP. Notably, all participants but one
with a PSS above 6 at the age of 18 reported LBP at the
age of 34. Since Pfirrmann grade 1 was rare at the age of
18 (12% of all analyzed discs), Pfirrmann grade 2 seems
to represent a “normal” disc morphology in an 18-year-old
individual. Consequently, any disc with a Pfirrmann grade
3 or higher at this age may indicate DD and increase the
likelihood of LBP in adulthood. In our asymptomatic par-
ticipants, age-related degenerative changes of Pfirrmann
grade 3 or higher did not manifest until the third and fourth
decades of life.

Our study has several strengths. To our knowledge this
is the first study to investigate the development of lumbar
discs from childhood to adulthood. Due to the prospective
longitudinal study design the disc changes reported herein
represent true age-associated findings. The study partici-
pants comprise a group of randomly chosen volunteers
drawn from a general population. Further, at no point during
the study were the participants aware of their MRI findings.
During the semi-structured interview, the questions about
LBP were presented as only one of several topics.
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Some limitations need to be considered when interpret-
ing our results. Selection bias may impact the generalizabil-
ity of our findings. Families who initially opted to enroll
their children in the study might have a stronger family
history of LBP compared to those who did not participate.
Additionally, participants who took part in the long-term
follow-up may differ from those who did not respond to
our invitation, specifically in terms of occurrence and inten-
sity of LBP. Furthermore, with self-reported LBP, particu-
larly concerning life-time prevalence, potential recall bias
should be acknowledged. Participants may have forgotten
about earlier episodes of LBP, albeit less likely more severe
or recurrent episodes. However, the cumulative life-time
prevalence of LBP in our study population (76%) corre-
sponds to a previous report on a larger cohort in the same
age group [19]. Longitudinal studies encounter problems
of missing data due to multiple data collection points and
participant attrition [20]. In the present analysis, we only
included participants with complete data at the ages of 18
and 34. Further, our analysis focused solely on DD whereas
other morphological changes, either individually or col-
lectively, may be associated with LBP. Indeed, clusters of
degenerative findings have been suggested to be more pre-
dictive of clinical outcome [7]. A recent narrative review
identified type I Modic changes, DD, endplate defects, disc
herniation, spinal canal stenosis, nerve compression, and
muscle fat infiltration as having the highest probability of
being linked to LBP [21]. On the other hand, in a cross-sec-
tional study of a birth cohort comprising 1303 middle-aged
adults, a significant association between DD and LBP was
observed, independent of other pain-related imaging find-
ings [5]. In our study population, no statistically significant
difference at the age of 34 was found between participants
with or without LBP regarding the occurrence of Modic
changes, high-intensity zones (HIZ) or disc protrusions
(data not shown). While our study population size might
have been underpowered to detect associations between
these changes and LBP, a statistically significant association
of PSS after pubertal growth spurt with LBP in adulthood
was established.

It is important to bear in mind that we did not find any
relationship between the degree of DD and current LBP in
our study population. Thus, we do not suggest that young
adults with more widespread DD after the pubertal growth
spurt should be labeled as having a “degenerative disc dis-
ease” and a future of chronic disabling LBP. We believe,
however, that our results may have clinical relevance to
those young adults who are incidentally “diagnosed” as
having a more widespread DD. A randomized clinical trial
has shown that this age group is receptive to health-promot-
ing lifestyle modifications [22]. Specifically for LBP, people
who adopt lifestyle behaviors such as adequate levels of

physical activity, optimal sleep quality, ideal BMI and non-
smoking status, are likely to cope better with their LBP [23].

Conclusions

Our findings suggest that disc changes indicative of future
LBP may emerge during the pubertal growth spurt. Specifi-
cally, each 1-point increase in the Pfirrmann grade in one of
the three lowest lumbar discs at the age of 18 resulted in a
5.5-fold increase in the risk of LBP at the age of 34 when
adjusted for factors associated with LBP (sex, BMI, smok-
ing and physical activity level). The presence of lumbar
discs with a Pfirrmann grade higher than 2 after the pubertal
growth spurt may increase the likelihood of experiencing
LBP in adulthood. Future studies should aim to elucidate
the complex interplay between DD and LBP across various
age groups.
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