Eur Spine J (2016) 25:2809-2821
DOI 10.1007/s00586-016-4629-7

CrossMark

@

ORIGINAL ARTICLE

Multivariable modeling of factors associated with spinal pain

in young adolescence

Mieke Dolphens' - Stijn Vansteelandt” - Barbara Cagnie' - Andry Vleeming'” -

Jo Nijs* - Guy Vanderstraeten'” - Lieven Danneels’

Received: 2 September 2015/Revised: 26 May 2016/ Accepted: 27 May 2016/ Published online: 8 June 2016

© Springer-Verlag Berlin Heidelberg 2016

Abstract

Purpose To investigate the factors related to the 1-month
period prevalence of low back pain (LBP), neck pain (NP)
and thoracic spine pain (TSP) in young adolescents,
thereby considering potential correlates from the physical,
sociodemographic, lifestyle, psychosocial and comorbid
pain domains.

Methods In this cross-sectional baseline study, 69 factors
potentially associated with spinal pain were assessed
among 842 healthy adolescents before pubertal peak
growth. With consideration for possible sex differences
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in associations, multivariable analysis was used to simul-
taneously evaluate contributions of all variables collected
in the five domains.

Results A significantly higher odds of LBP was shown for
having high levels of psychosomatic complaints (odds
ratio: 4.4; 95 % confidence interval: 1.6-11.9), a high
lumbar lordotic apex, retroversed pelvis, introverted per-
sonality, and high levels of negative over positive affect.
Associations with a higher prevalence and odds of NP were
found for psychosomatic complaints (7.8; 2.5-23.9), TSP
in the last month (4.9; 2.2-10.8), backward trunk lean, high
levels of negative over positive affect and depressed mood.
Having experienced LBP (2.7; 1.3-5.7) or NP (5.5;
2.6-11.8) in the preceding month was associated with a
higher odds of TSP, as were low self-esteem, excessive
physical activity, sedentarism and not achieving the Fit-
norm.

Conclusions Psychosomatic symptoms and pain comor-
bidities had the strongest association with I-month per-
iod prevalence of spinal pain in young adolescents,
followed by factors from the physical and psychosocial
domains. The role that “physical factors” play in non-
adult spinal pain may have been underestimated by
previous studies.

Keywords Adolescent - Spinal pain - Multivariate
analysis - Back pain - Neck pain

Introduction

On a global basis, spinal pain represents a common and
significant condition with a tremendous social and eco-

nomic impact [1-5]. Since adult spinal pain problems
might originate in childhood and young adolescence
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[6-13], thorough understanding of spinal pain at young age
is needed for designing effective prevention and manage-
ment strategies.

Idiopathic adolescent spinal pain (IASP) cannot be
explained straightforwardly in simple models as it has
many aspects. Accordingly, a multidimensional approach
to the understanding of IASP is currently accepted as the
most appropriate perspective. Such an approach should
incorporate factors from all domains of the biopsychoso-
cial model, including developmental, educational and
cultural background [14-18]. Earlier studies [9, 13,
17-34] and reviews [15, 35-41] identifying risk factors
for IASP have attempted to evaluate the contribution of
multiple different physical, psychosocial, demographic,
environmental and socioeconomic factors to the devel-
opment of spinal pain at young age, mostly in relation to
low back pain (LBP) [9, 19, 20, 22-26, 35-38].

However, interpreting the literature on associated and
risk factors is complicated by 4 factors. First, method-
ological approaches differ substantially across studies,
including inconsistency and lack of standardization of
spinal pain definitions. Second, most previous studies (e.g.,
refs. [10, 18-22, 42, 43]) relied on statistical procedures
such as multivariate logistic regression, whether or not
preceded by univariate logistic regression analysis, that are
less well suited to deal with large numbers of correlated
factors relative to the sample size [44]. As a consequence,
some risk factors may have been obscured or inflated [44].
Furthermore, such analyses do not allow weighing the
importance of clusters of variables constituting (putative)
risk domains. Third, despite accruing evidence for gender-
specificity in spinal pain figures and/or pain sensitivity
[8-10, 15, 17, 21-25, 27-32, 35, 40, 42, 45-55] as well as
in associative or risk factors for IASP [8, 21, 25-27,
42, 54-58], the potentially profound influence of gender on
factors related to the development and maintenance of
IASP has not yet been deeply scrutinized. Fourth, previous
research has identified biological maturation or pubertal
development as a better predictor for IASP than age
[59-62]. Still, the maturational or developmental age of
non-adult study populations has rarely been considered
and, importantly, the vast majority of research overlooks
the well-known gender difference in timing of biological
maturation with girls being advanced, on average, about
2 years when compared to boys [63]. As a result, there is
debate as to the nature of and relationships among the
factors that underlie IASP.

The aim of the current study was to investigate the
(phenotypic) factors related to spinal pain prevalence in
young adolescents before pubertal peak growth using a
comprehensive multivariable approach that assessed the
contribution of factors from multiple domains.
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Materials and methods

A cross-sectional population-based study was conducted
from September 2008 to February 2009 in Flanders, Bel-
gium. 64 schools were selected to represent educational
networks and levels within Flemish mainstream education.
From these schools, girls in year 5 of primary education
(age: 10.6 £ 0.47 years) and boys in year 1 of secondary
education (age: 12.6 & 0.54 years) [64] were eligible to
participate. These gender-specific age groups were chosen
as the mean age of peak linear growth is known to range
from 11.6 to 12.1 years in girls and from 13.8 to 14.1 years
in boys [63]. The study was restricted to children without
neurological conditions, rheumatic disorders, metabolic or
endocrine diseases, major congenital anomalies, skeletal
disorders, connective tissue disorders, previous spinal
fracture or previous spinal surgery. Parental/guardian as
well as child consent, was obtained before enrolment.
Ethical approval was granted by the ethics committee of
the Ghent University Hospital.

In the class room or at the local pupil guidance center,
with the investigator present, children were asked to
complete a questionnaire on spinal pain and its potential
associated factors. Presumed associated factors included
physical, sociodemographic and lifestyle characteristics,
psychosocial factors, and measures of comorbid pain con-
ditions. Physical measurements took place between 3 and
5 days after questionnaire assessment. Sociodemographic
data with regard to parental education and employment
were collected through a parental questionnaire.

Outcome measures: spinal pain

The 1-month period prevalence of LBP, neck pain (NP)
and thoracic spine pain (TSP) was determined by self-
complete questions including a preshaded manikin
[58, 64, 65]. The questions relevant to this study included
the following: “Has your low back/neck/upper back been
painful in the last 4 weeks?”. The 3 categories listed were
not mutually exclusive.

Spinal pain was defined as follows: a discomfort or pain
in the back or neck that is considered to be a local,
uncomfortable feeling in the back or neck, with the pos-
sibility of radiation to other parts of the body. Problems
due to fatigue related to a single exercise are not consid-
ered as back or neck problems. The discomfort or pain can
be intermittent or constant, gradually developed or with a
sudden onset. Spinal pain due to menstruation is not taken
into account. The definition as such was not presented to
the adolescents, but it was orally “translated” in a language
that could be understood by the adolescents. This was done
during the instructions before completion. During
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completion, an examiner blinded to the results of spinal
measurements was present to provide assistance if needed.

Associated factors

Collected parameters covered a broad range of measure-
ments from 5 domains. The variables included in this study
are listed in Online Resource 1.

Physical factors

The study investigators measured body height and weight
using a standardized procedure [64]. Body mass index was
calculated as the ratio of weight to square height and was
transformed into 3 categories (thin, normal, and overweight
or obese) using the cut-off points for age and gender
defined by Cole and colleagues [66, 67]. To determine the
proportion of trunk length to body length, sitting height
was measured [64]. Habitual standing posture in the
sagittal plane was quantified as described previously
[56, 64]. More specifically, data were collected regarding
gross body segment orientations (i.e., trunk lean, body lean,
and anteroposition of the head), specific spinopelvic char-
acteristics (i.e., pelvic orientation (pelvic tilt, sacral incli-
nation), spinopelvic extensiveness parameters (number of
vertebrae included in the thoracic kyphosis and lumbar
lordosis, vertebral level of the thoracic apex, lumbar apex,
and intercristal line), magnitude of spinal curves (thoracic
kyphosis, lumbar lordosis) and knee alignment. Further-
more, postural subgrouping according to global body
alignment (neutral, sway-back, and leaning-forward) was
applied using the categorization proposed by Dolphens
et al. [58, 68]. In full flexion and extension position, the
thoracic and lumbar spine, and trunk and sacral inclination
were recorded using a skin-surface electromechanical
device, the Spinal Mouse (Idiag; Voletswil, Switzerland).
Based on these data combined with the data obtained in
upright standing, the ranges of flexion and extension
motion were determined for the thoracic and lumbar spine.
For spinopelvic range of motion assessment, all motions
and subsequent measurements were performed according
to the manufacturer’s specifications. The presence of a
gibbus deformity was evaluated using the forward-bending
test. To assess generalized joint laxity, the Beighton score
was determined [69]. A participant was classified as
hypermobile when a Beighton score of >4/9 was obtained
[69]. Hand dominance was recorded.

Sociodemographic factors
Data on gender, chronological age, and rough indications of

biological age (years from age at peak height velocity (PHV),
maturity status classification, percentage of adult stature and

predicted growth remaining) [64, 70-72] were collected. In
girls, information was gathered on whether they had started
menstruating. The respondent’s level of education (only in
boys) and educational network were recorded. The proxy
measures of family characteristics were family composition,
family size, parental educational attainment, parental
employment status, and parental social class as obtained via
coding occupational information [International Standard
Classification of Occupations (ISCO88) [73]].

Lifestyle factors

For assessing physical activity levels and sedentary
behavior, the participants completed a questionnaire based
on the Flemish Physical Activity Questionnaire [74]. The
pen and paper version of this questionnaire has been shown
to be a reliable and reasonably valid instrument in the
appropriate age group [75]. Physical activity levels were
assessed by combining the amount of active transportation,
physical activity at school and physical activity during
leisure time. The amount of screen behavior, time spent on
homework and time spent reading outside of school hours
were recorded to compute a composite index of sedentary
behavior. Furthermore, according to the Dutch physical
activity guidelines for subjects younger than 18 years, the
children were asked whether they achieved the Dutch
Norm for Health-enhancing Physical Activity (i.e., 1 h or
more of at least moderate-intensity physical activity each
day) and Fit-norm (i.e., 20 min or more of vigorous-in-
tensity physical activity on at least 3 days each week).
Participants who met at least 1 of the 2 previous mentioned
norms adhered the so-called “Combi-norm” [74, 76, 77].
Finally, participation in physical activity in leisure time
versus not was recorded as a categorical lifestyle marker.

Psychosocial factors

Psychosocial factors were recorded using the Self-Percep-
tion Profile for Adolescents [78, 79] with the less cum-
bersome question format proposed by Wichstr@m [80], the
Rosenberg Self-Esteem Scale [81, 82] the Short Amster-
dam Biographical Questionnaire for Children designed to
assess personality traits [83], Positive And Negative Affect
Schedule [84, 85], the short version of the Depression
Questionnaire for Children [86], the Satisfaction With Life
Scale [87, 88], the Subjective Vitality Scale [89], and the
Inventory of Parent and Peer Attachment [90, 91]. For
detailed information see Online Resource 1.

Comorbid (psycho) somatic complaints

To ascertain the participants’ experience of spinal pain, the
I-month period prevalence of pain in each of the 3 spinal
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regions was asked (LBP, NP, TSP) [58, 64, 65, 68]. For
assessing the prevalence of other common somatic symp-
toms (e.g., headache, abdominal pain, sore throats, etc.), a
psychosomatic complaints list was used with 26 items and
five response categories: “seldom or never”, “almost every
month”, “almost every week”, “more than once a week”
and “almost every day”. Scores range from 26 to 130, with
high scores reflecting more frequent psychosomatic com-
plaints [92].

Statistical analysis

For each of the considered outcomes, a logistic regression
model was fitted using bi-level selection methods [93, 94]
on all the variables collected in the 5 domains of interest
described above. These methods are specifically designed
for predicting an outcome measure in the presence of a
large number of correlated factors, thereby taking advan-
tage of the grouping structure in the domains of interest to
estimate regression coefficients and to select variables by
making use of a group-structured penalty. The resulting
odds ratios (ORs) and associated 95 % confidence intervals
(CIs) were reported. Level of significance was set at
o < 0.05. The relative importance of each variable was
evaluated using variable importance scores (VISs). For
each domain, the average VIS was calculated as was the
average group ranking. Further insight into the relative
importance of the different domains was obtained by
contrasting the Nagelkerke R* between the final selected
model and submodels obtained upon applying bi-level
selection methods on subsets of the 5 domains.

See Online Resource 2 for a more detailed description.

All statistical analysis was performed using the libraries
grpreg and logistf in RStudio Version 0.97.320 statistical
software (RStudio, Inc., 2009-2012).

Any variable with more than 85 missing values (8.0 %)
was excluded from the analysis and 354 incomplete cases
(29.6 %) were discarded, thus leaving a total of 69 vari-
ables collected on 842 participants of whom 385 were girls
and 461 boys. Dummy variables were created for cate-
gorical variables having more than 2 levels. Logarithmic
and square root transformations were used where appro-
priate. See Online Resource 1 for more detail.

Results

LBP, NP and TSP were present in 102 (12.1 %), 77 (9.1 %)
and 43 (5.1 %) of the 842 pre-PHV subjects, respectively.
On the domain level, the set of variables comprising the
comorbid pain domain were most important in explaining
1-month period prevalence of spinal pain as can be con-
cluded from this domain’s low mean rank and high average

@ Springer

importance score (Table 1). Based on the average group
ranking, this domain was followed by the physical and
psychosocial domains, respectively, in each of the 3 spinal
pain sites, whereas the sociodemographic and lifestyle
domains were relatively less important.

The ORs, 95 % ClIs and p values estimated for the
factors that were retained using bi-level selection in the
final regression model are shown in Table 2. All variables
whose coefficients are not included in Table 2 were
removed in the variable selection process.

For LBP, 7 variables had VIS values of 0.80 or greater
(Fig. 1; Table 2), four of which reached statistical signifi-
cance. In particular, the adjusted odds of reporting LBP in
the past month was more than 4 times higher in children
who reported high levels of psychosomatic complaints.
Having a lumbar apex that is located at a higher vertebral
level, introverted personality and high levels of negative
affect over positive affect were associated with LBP
prevalence. Having more posterior tilt of the dorsal surface
of the sacrum in habitual standing was significantly asso-
ciated with a higher odds of LBP, but corresponded to a
VIS of 0.71. Three out of the top 7 factors based on VIS did
not reach statistical significance, implying marginal evi-
dence that children who had experienced TSP or NP in the
preceding month were more likely to report LBP, as were
children who attended general as opposed to vocational
education.

For NP, four variables had VIS values of 0.80 or greater
(Fig. 1; Table 2) of which 3 reached statistical signifi-
cance: psychosomatic complaints and 1-month period
prevalence of TSP from the comorbid pain domain, and the
affect-balance score from the psychosocial domain. The
presence of high levels of psychosomatic symptoms and
the presence of TSP in the last month were associated with
a nearly 8 (95 % CI 2.5-23.9) and nearly 5 (95 % CI
2.2-10.8) times higher odds of NP. Having high levels of
negative over positive affect significantly increased the
odds of NP. In contrast, the 1-month period prevalence of
LBP from the comorbid pain domain, a top clinical pre-
dictor based on VIS, was only marginally associated with a
higher odds of NP. Statistically significant associations
were also found for 6 factors with a VIS below 0.80.
Higher odds of NP were shown for backward trunk lean in
habitual standing and high scores on the depression ques-
tionnaire. Though weak, statistically significant associa-
tions with an increased odds of NP were also observed for
high levels of pelvic retroversion in full extension, high
extension motion levels of the thoracic and lumbar spine in
standing posture, and attending subsidized publicly run
schools compared to subsidized privately run schools.

For TSP, both factors with VIS values of 0.80 or greater
(Fig. 1; Table 2) reached statistical significance: the pres-
ence of pain in spinal regions adjacent to the thoracic spine
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Table 1 Average importance score and average group ranking per domain for low back pain (LBP), neck pain (NP) and thoracic spine pain

(TSP) (N = 842)

LBP NP TSP

Average importance Mean Average importance Mean Average importance Mean

score rank score rank score rank
Physical domain 0.35 2.57 0.27 2.36 0.08 2.57
Sociodemographic 0.44 3.45 0.24 3.50 0.06 3.94

domain

Lifestyle domain 0.49 4.16 0.20 4.61 0.23 3.85
Psychosocial domain 0.55 3.42 0.46 3.42 0.09 3.39
Comorbid pain domain 0.91 1.40 0.93 1.11 0.84 1.25

For each of the spinal pain sites:

- Important domains have higher average importance scores of the set of variables comprising that domain (most important: 1.00; least important:

0.00)

- Domains that are retained in the bootstrapping procedure have low values of the average group ranking (most important: 1.00; least important:

5.00)

(NP, LBP) in the preceding month was associated with a
higher odds of reporting TSP. Although not reaching VIS
scores of 0.80 or higher, having a high extent of sedentary
behavior was significantly associated with an increased
probability of reporting TSP, as were not achieving the Fit-
norm, showing high levels of physical activity, and having
low self-esteem.

Pseudo R” values displayed in Table 3 for the variables
included in the present study, equaled 20, 33 and 23 % for
LBP, NP and TSP prevalence, respectively. We evaluated
how much these are affected by the exclusion of certain
domains, and found that the comorbid pain domain has the
biggest impact on predictive ability. This suggests that if
only 1 domain (or factor) could be investigated, future
researchers in this area should choose (a variable from) the
comorbid pain domain. On the other hand, when a slen-
derized model should be pursued in terms of number of
included domains (i.e., a 4-domain model instead of a
5-domain model), omitting the physical domain would lead
to the greatest information loss in LBP and NP, and to
limited loss of information in TSP. Comparatively less
predictive ability would be lost when omitting the set of
variables constituting the comorbid pain domain (LBP and
NP) or the psychosocial domain (TSP).

For each of the considered outcomes, the contribution of
the sociodemographic and lifestyle domain on predictive
ability is small (Table 3).

Discussion
This paper reports the results of the first population-based

study among pre-PHV subjects evaluating 69 putative risk
factors for spinal pain, with the goal to ascertain which

variables and domains were related to the 1-month period
prevalence of LBP, NP and TSP in this group of study
participants. Greater numbers of psychosomatic complaints
and pain in another spinal region were the most important
factors associated with elevated spinal pain prevalence.
Specific physical characteristics were related to spinal pain
at young age, as were adverse psychosocial factors. In
contrast, the role of sociodemographic and lifestyle factors
was limited. This is the first study to show that physical
factors, including several biometric and postural measure-
ments, are crucial for understanding spinal pain at young
age and that the impact of physical factors in IASP may
have been underestimated in earlier studies.

Out of the extensive list of investigated variables, only a
limited number showed a significant association with the
1-month period prevalence of spinal pain. In the more mobile
regions of the spine (i.e., the lumbar and cervical areas), one
of the strongest associations with pain was to the frequency
and number of psychosomatic symptoms reported by the
participant. More specifically, it was found that the presence
of high levels of psychosomatic symptoms was associated
with more than 4 times higher odds of LBP and nearly 8§ times
higher odds of NP. The increased likelihood of reporting
LBP or NP with frequent and high numbers of psychoso-
matic complaints agrees with previous prospective
[8,9,13,46,53] and cross-sectional [18, 19,27, 48] studies in
adolescent [9, 13, 18, 19, 27, 40, 46, 48, 53] and young adult
[8] study populations.

Interestingly, unlike the models for LBP and NP, the co-
occurrence of psychosomatic complaints appeared to play
only a minor role in 1-month period prevalence of TSP.
Instead, strong links were found between TSP and pain in
the adjacent areas of the spine (i.e., the odds of TSP was
more than 5.5 and 2.6 times higher when NP and LBP,

@ Springer
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Table 2 The final model showing the odds of 1-month period
prevalence of spinal pain associated with selected phenotypic measures
from 5 domains (physical characteristics, sociodemographics, lifestyle

factors, psychosocial characteristics, and presence of other pain
complaints) (N = 842)

Low back pain

Pain: 102/No pain: 740

Neck pain

Pain: 77/No pain: 765

Thoracic spine pain
Pain: 43/No pain: 799

(12.1 %) 9.1 %) (5.1 %)
OR (95 % CI) pvalue VIS OR 5 %CI) pvalue VIS OR (95 % CI) pvalue VIS
Physical factors
Height 0.99 (0.93-1.06) 0.81 0.23
Weight 0.45 (0.13-1.55) 0.21 0.06
Body mass index
Thinness vs normal 0.69 (0.34-1.40) 0.30 0.41
Overweight/obese vs normal 1.25 (0.57-2.77)  0.58 0.34 2.04 (0.95-4.39) 0.07 0.39
Proportion of trunk length to body length  0.89 (0.70-1.13)  0.32 0.52
Sagittal knee alignment
Hyperextension vs neutral
Flexion vs. neutral 0.70 (0.30-1.62)  0.40 0.55
Global body alignment
Leaning-forward vs neutral 1.51 (0.87-2.61) 0.14 0.36
Sway-back vs neutral 1.16 (0.62-2.15)  0.65 0.42
Trunk lean 1.00 (0.90-1.12) 0.94 0.35 1.16 (1.05-1.27)  0.003 0.73
Body lean 1.06 (0.84-1.34) 0.64 0.38
Generalized joint laxity 0.71 (0.39-1.30) 0.27 0.58 0.77 (0.39-1.49) 043 0.32
Pelvic tilt 0.99 (0.93-1.06) 0.83 0.37
Vertebral level of the lumbar apex 0.69 (0.49-0.98) 0.04 0.85
Spinal level iliac crest 0.91 (0.66-1.27)  0.59 0.42
# of vertebrae included in lumbar 1.26 (0.97-1.63) 0.08 0.44 0.89 (0.59-1.34) 0.57 0.01
lordosis
Sacral inclination 0.95 (0.90-1.00)  0.03 0.71 0.98 (0.93-1.04) 0.45 0.03
Vertebral level of the thoracic apex 0.99 (0.72-1.36)  0.95 0.32
Thoracic kyphosis 0.99 (0.96-1.01) 0.36 0.19
Anteroposition of the head 1.00 (0.96-1.04) 0.90 0.37
Thoracic spine posture in forward bend  1.03 (0.99-1.06) 0.12 0.42 0.97 (0.95-1.00) 0.09 0.07
position
Lumbar spine posture in forward bend 1.01 (0.95-1.07) 0.80 0.20
position
Sacral inclination in forward bend 1.34 (0.46-3.90) 0.59 0.30
position
Trunk inclination in forward bend 0.99 (0.92-1.06) 0.76 0.25
position
Sacral inclination in backward bend 0.97 (0.94-0.99)  0.008 0.28
position
Trunk inclination in backward bend 1.01 (0.98-1.03) 0.71 0.30
position
Extension mobility of the thoracic spine 0.98 (0.96-1.00) 0.03 0.25
Extension mobility of the lumbar spine  0.99 (0.97-1.02)  0.59 0.32 0.96 (0.93-0.99) 0.007 0.29 1.03 (1.00-1.06) 0.05 0.20
Handedness 1.17 (0.66-2.07)  0.60 046 1.27 (0.65-2.49) 0.49 0.29
Sociodemographic factors
Educational network
Community education vs subsidized 0.66 (0.31-1.39)  0.27 0.58 1.70 (0.724.05) 0.23 0.11
privately run schools
Subsidized publicly run schools vs. 1.21 (0.62-2.36) 0.57 0.52 192 (1.02-3.62) 0.04 0.58
subsidized privately run schools
Chronological age 1.43 (0.95-2.15) 0.09 0.37
Maturity status classification
Early vs average maturers 1.83 (0.38-8.72)  0.45 0.48
Late vs average maturers 1.15 (0.16-8.15)  0.89 0.42
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Table 2 continued

Low back pain Neck pain Thoracic spine pain

Pain: 102/No pain: 740 Pain: 77/No pain: 765 Pain: 43/No pain: 799

(12.1 %) 9.1 %) 5.1 %)

OR (95 % CI) p value VIS OR (95 % CI) p value VIS OR (95 % CI) p value VIS
Years from age at PHV 1.42 0.77 0.18

(0.14-14.50)
Predicted growth remaining 1.04 (0.79-1.36) 0.79 0.17
Secondary education level
Technical vs general 0.75 (0.38-1.47) 0.40 0.55
Vocational vs general 0.34 (0.10-1.20)  0.09 0.84
Family composition 1.69 (0.97-2.94) 0.07 048 0.56 (0.25-1.27) 0.17 0.20
Family size 1.06 (0.92-1.23) 0.42 0.51
Lifestyle factors
Physical activity 1.45 (0.90-2.34) 0.13 0.76 2.31 (1.23-4.35)  0.01 0.33
Achieving the health-norm 0.64 (0.20-2.08) 0.46 0.60 1.84 (0.47-7.15)  0.38 0.14
Achieving the fit-norm 0.83 (0.51-1.36) 0.47 0.13 0.35 (0.17-0.75)  0.006 0.34
Sports or physical activity in leisure time 1.18 (0.51-2.73)  0.70 0.52 147 (0.58-3.75) 0.42 0.28
Sedentary behavior 1.01 (0.64-1.59) 0.96 0.39 1.11 (0.69-1.80) 0.67 0.23 221 (1.11-4.38) 0.02 0.39
Psychosocial factors
Scholastic competence 0.99 (0.91-1.08) 0.85 049 1.07 (0.97-1.17) 0.17 0.60
Social acceptance 0.96 (0.87-1.05) 0.33 0.57 1.09 (0.99-1.21) 0.09 0.56
Athletic competence 1.05 (0.97-1.14) 0.22 0.68 0.98 (0.90-1.06) 0.61 0.39
Physical appearance 1.00 (0.91-1.09) 0.96 0.40
Close friendship 1.08 (0.97-1.19) 0.16 0.66 0091 (0.81-1.01) 0.06 0.50
Self-esteem 1.00 (0.90-1.12) 0.93 0.35 0.86 (0.77-0.96)  0.01 0.23
Attachment to peers 0.99 (0.94-1.04) 0.64 0.40
Attachment to mother 0.99 (0.95-1.03) 0.67 047 1.04 (0.99-1.09) 0.12 0.62
Attachment to father 1.00 (0.97-1.04)  0.76 0.44 098 (0.94-1.02) 0.27 0.43
Vitality 0.95 (0.90-1.01) 0.10 0.42
Extraversion 0.90 (0.84-0.96)  0.002 0.93
Neuroticism 1.03 (0.99-1.08) 0.19 0.65
Depression 1.02 (0.97-1.08) 0.35 0.46 1.08 (1.03-1.14)  0.002 0.72  0.99 (0.93-1.04) 0.62 0.03
Affect 0.97 (0.94-1.00)  0.03 0.82 0.94 (0.91-0.98) 0.002 0.81
Other pain symptoms
Psychosomatic complaints 4.38 0.004 0.99 7.76 0.001 0.99
(1.62-11.86) (2.52-23.88)
Thoracic spine pain in the last month 2.05 (0.93-4.49) 0.07 0.90 4.86 0.001 1.00 NA NA NA
(2.20-10.77)
Low back pain in the last month NA NA NA 1.59(0.84-3.02) 0.15 0.82 2.69 (1.28-5.65) 0.01 0.83
Neck pain in the last month 1.44 (0.74-2.82) 0.28 0.83 NA NA NA 554 0.000 0.98
(2.61-11.75)

CI confidence interval, NA not applicable, OR odds ratio, PHV peak height velocity, VIS variable importance score

Bold p values—significant at o < 0.05; Italic VISs—VIS values of 0.80 or greater

respectively, was experienced in the preceding month),
whereas co-complaints at other sites in the spine were not
significantly associated with LBP and NP. One exception
to this pattern was the 1-month period prevalence of NP
where TSP was a significant factor: the presence of TSP in
the last month was associated with nearly 5 times higher
odds of NP. The fact that other axial pains were not sys-
tematically significant, independent factors associated with
LBP and NP was a rather surprising finding considering

previous study results [46, 50, 95, 96]. While our data
might reflect that the origin and mechanisms behind pain in
diverse spinal regions may differ in certain respects, care is
warranted when attempting to draw generalized conclu-
sions. Lack of power cannot be rejected as an alternative
explanation given that high VISs were obtained for all of
the comorbid (psycho) somatic (pain) complaints (Table 2,
Fig. 1). The frequent use in the literature of composite
variables made up of responses to TSP, NP and/or LBP and
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of p value based variable selection may also add to the
difficulties in comparing our results with previous research
findings. In fact, replication is required in larger, longer
studies and future research should penetrate the mecha-
nisms behind the complex relationships between spinal
pain and other (pain) complaints.

The literature is replete with studies examining the
relationships between physical factors and spinal pain at
young age [9, 13, 19-21, 24-26, 28-30, 54]. While the
indexes of physical characteristics strongly vary across
studies, the preponderance of evidence showed that at best
weak associations exist between physical features and
spinal pain. Nevertheless, it is these authors’ contention
that the role that “physical factors” may play in non-adult
spinal pain might have been underestimated by previous
studies (see also below). Based on the present data, 2 of the
most important physical factors for elevated LBP preva-
lence were higher lumbar lordotic apex and more retro-
versed pelvis in customary standing. In this respect, one
might draw attention to the fact that an increased propor-
tion of adults with chronic LBP stand with a sagittal
lumbopelvic alignment that is similar to the postural pat-
tern described above, when compared to healthy referents
[97, 98], yet caution remains warranted in drawing pre-
mature conclusions. Regarding the 1-month period preva-
lence of NP in our pre-PHV cohort, the most important
associated factor from the physical domain was backward
trunk lean (i.e., a greater angle subtended between the
vertical and a line joining C7 to the greater trochanter) in
habitual standing. Furthermore, weak effects were seen for
a more retroversed pelvis in full trunk extension and for
higher extension motion levels of the thoracic and lumbar
spine in standing posture, suggesting that movement pat-
terns associated with spinal extension in stance may play a
role in NP. With respect to TSP, no statistically significant
factors could be disclosed from the physical domain.
Though the effects were more modest (VISs < 0.80),
tendencies towards an increased odds for TSP were found
for overweight and obese subjects when compared to
normal weight subjects and for adolescents displaying low
extension mobility in the lumbar spine. Comparison with
existing literature is not easily done, since this is the first
study to analyze a wide array of putative risk factors for
spinal pain in competition with each other, both within and
between domains. On the other hand, the associations
found in this study do not lack biological plausibility.

Based upon our results regarding the psychosocial factors,
one might argue that aspects of subjective well-being such as
affect, personality dispositions, depressed mood and self-
esteem may contribute to spinal pain at young age. More
specifically, the present study revealed that high levels of
negative affect over positive affect were associated with an
increased risk of pain in the lumbar and cervical areas. Some
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evidence was also found for “pain-prone personalities”,
since an increased likelihood of LBP was observed for more
introverted personalities. The results obtained further
demonstrated that depressed mood was significantly asso-
ciated with an increased odds of NP, whereas high self-es-
teem was accompanied by a decreased odds of TSP, although
these effects were weak. The present study results appear to
corroborate the multiple findings from previous research
highlighting (potentially reciprocal) relationships between
poor psychological health and spinal pain in adolescents
[9, 15, 17-22, 27, 34, 35, 38, 40, 49, 53, 55, 99] and adults
[43, 100-102] albeit a wide variety of “psychosocial mea-
sures” and statistical procedures has been used. The exact
mechanism whereby spinal pain and psychosocial factors are
associated with each other—a matter which is not within the
scope of the present study—is currently not understood, yet
might be related to neuroendocrine, neurological, biome-
chanical and/or behavioural pathways [51, 99, 103—-109].
Factors from the lifestyle and sociodemographic
domains were least important in explaining spinal pain
prevalence. Apparently, this lack of strong associations is
in accordance with the available literature which generally
points towards no evidence of an association between IASP
and various lifestyle variables related to physical (in)ac-
tivity [8, 9, 13, 17-22, 29, 32, 34-36, 38, 41, 49] or
sociodemographic factors [22, 29, 38, 49], apart from a few
exceptions [10, 24, 40]. Nonetheless, our results indicate
that some lifestyle factors might be implicated in childhood
TSP: both extremes in activity level and extremes of
sedentary behavior were significantly associated with an
increased 1-month period prevalence of TSP, whereas
achieving 20 min or more of vigorous-intensity physical
activity on at least 3 days each week (i.e., the Dutch “Fit-
norm”) might have a protective effect. Though these
associations were weak (Table 2), they might suggest that
an inactive spine as well as a spine subjected to high
physical demands may entail a disadvantage for the tho-
racic spine in terms of pain at young age while a certain
envelope of vigorous physical activity might imply bene-
fits. Further investigation will be needed to truly under-
stand this relationship, as high-quality research focusing on
TSP as a separate entity is scarce. With respect to the 2
most important sociodemographic measures (secondary
education level for LBP and educational network for NP),
one might argue that none of these variables are likely to
contribute directly to the 1-month period pain prevalence.
Instead, other variables associated with these sociodemo-
graphics that were not depicted in the present model of
spinal pain might be related to the variability in pain
prevalence. Further exploration is needed in this regard.
On the risk domain level, i.e., when considering the
(pre-defined) groups of factors potentially associated with
spinal pain, a prominent contribution of comorbid pain
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Table 3 The relative
importance of the 5 domains in
explaining the variance in low

back pain (LBP), neck pain
(NP) and thoracic spine pain
(TSP) obtained by Nagelkerke
R? (N = 842)

LBP NP TSP
Explained variance by all 5 domains of interest (%) 20.2 32.8 22.6
% of reduction in total explained variance upon omitting
Domain 1: Physical factors 252 40.7 13.7
Domain 2: Sociodemographics 54 10.1 0.0
Domain 3: Lifestyle characteristics 33 3.1 0.0
Domain 4: Psychosocial factors 21.8 20.8 5.1
Domain 5: Other pain symptoms 20.6 24.9 77.2
% of reduction in total explained variance upon omitting all domains except for
Domain 1: Physical factors 73.4 68.7 61.1
Domain 2: Sociodemographics 83.1 89.1 91.1
Domain 3: Lifestyle characteristics 90.0 100.0 66.5
Domain 4: Psychosocial factors 69.9 75.9 59.7
Domain 5: Other pain symptoms 63.0 61.1 46.3

symptoms to the 1-month period prevalence of spinal pain
was demonstrated (see the average importance scores and
group ranking per domain in Table 1). Based on the mean
rank (Table 1), the comorbid pain domain was followed by
the physical domain, for which somewhat smaller—yet still
pronounced—effects were found in each of the three spinal
pain sites. The psychosocial domain was less important in
explaining spinal pain prevalence whereas the lifestyle and
sociodemographic domains did not turn out to be important
domains, except maybe for TSP where the lifestyle domain
reached a relatively high average importance score.
Going deeper into the domain level, two intriguing
observations emerged from our results. First, a low mean
rank together with a low average VIS was observed for the
physical domain, indicating that the physical domain was
retained in nearly all bootstrap analyses because of a small
number of important factors (having a (relatively) high
VIS) besides a large number of surrogate—or unimpor-
tant—factors (with low VIS) in that domain. A conscien-
tious selection of predictor variables thus appears to be of
overriding importance not to misjudge the role that

“physical factors” may play. This puts into perspective
previous research concluding that psychosocial factors
rather than physical or mechanical factors may be more
important in spinal pain occurring in youths [e.g., 9,19,53],
a view that is not supported by our results. Second, the
domains’ change in the order of merit between the 2 “% of
reduction in total explained variance” conditions per out-
come (Table 3) shows that omitting the physical domain
would imply most information loss, at least for LBP and
NP, whereas omitting the set of variables comprising the
comorbid pain domain would imply less loss of informa-
tion. This suggests that the physical variables contain
unique information about the outcome while the informa-
tion constituting the comorbid pain domain is captured by
variables in the other domains of interest. It is thus con-
ceivable that comorbid pain conditions themselves reflect a
range of biopsychosocial processes that have emerged over
time to manifest as one or more comorbid pain conditions
and that, therefore, other (pain) complaints may serve to
predict the risk of spinal pain. A full understanding of such
factors and processes, however, requires further analysis
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and research. Furthermore, some caution is warranted when
interpreting Nagelkerke R’ measures since the number of
factors included in a domain may influence these values.
Nonetheless, in case only 1 domain (or factor) could be
investigated, one might propose that future researchers in
this area should choose (a variable from) the comorbid pain
domain in terms of predictive ability.

This study purposefully measured a large number of
variables from multiple domains, recognizing that spinal
pain may be influenced by a multitude of factors. A novel
multivariable analysis method was used that is well suited
to deal with problems created by the number, density and
correlation of data collected in this study cohort. With the
aim to investigate a homogenous male and female popu-
lation in terms of growth phase, research subjects were
intentionally recruited according to a maturational bench-
mark [i.e., (predicted) APHV] and within a narrow age
range. Taking a developmental age baseline as opposed to
a chronological one as a base for recruitment may be a
promising novel approach, indeed, as studies have indi-
cated that IASP is associated with pubertal development
rather than with chronological age [59, 60, 62]. Further-
more, we limited the study recall period for IASP to
1 month, since longer time recall periods may result in
unreliable information [59, 65, 110]. Recall bias, however,
cannot be excluded. The value of this study is in under-
standing the relative importance and predictive ability of
(pre-defined groups of) factors associated with spinal pain
in otherwise healthy pre-/early adolescents. It confirms that
spinal pain is a complex disorder that is associated with
multiple and overlapping factors, consistent with a
biopsychosocial model of illness. It further underlines the
importance of a broad perspective when studying, pre-
venting and treating IASP and suggests that the specific
factors behind pain might vary according to the spinal
region. This information can be harnessed to delineate
future research and evidence-based management of spinal
pain.

Several limitations should be acknowledged. The main
limitation of this study was its cross-sectional nature at this
phase, which restricts us from drawing any conclusions
regarding temporal or causal relationships between IASP
and putative risk factors. Prospective follow-up evaluations
are needed in this respect. Another concern in this study
was that only 842 of the 1196 adolescents who had data on
the 1-month prevalence of spinal pain (70.4 %) [64] had no
missing data on any of the independent variables. A mul-
tiple imputation analysis requires modeling of the distri-
bution of the covariates, which may result in bias if the
model is misspecified, and moreover relies on a subtle
missing at random assumption which essentially states that
missingness may only be selective w.r.t. the observed data.
We chose to use a complete case analysis instead, because
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this avoids modeling assumptions on the covariate distri-
bution, and moreover allows for covariate missingness to
be selective in terms of the (observed and unobserved)
covariates [111]. Its main disadvantage relative to a mul-
tiple imputation analysis, however, may be a loss of
information as a result of discarding partially observed
records. The resulting complete-case sample was further-
more found to be similar to the complete sample with
regard to pain prevalence. We therefore believe this study
may be considered representative of the prevalence of
spinal pain and the associations found. Because of the
many examined correlates of spinal pain and the relatively
low pain prevalence, we could not investigate potential
differences in associations between genders. Therefore,
only the results for both genders combined, albeit adjusted
for gender, have been reported. Third, there was a sub-
stantial proportion of unexplained variation in all consid-
ered outcomes. Indeed, the variables included in the
present models accounted only for 21, 33 and 34 % of the
variance in LBP, NP, and TSP, respectively. Other factors
or domains—not measured here—may thus be involved,
such as inherited predisposition, dysfunction in central pain
regulation, (spinopelvic) anatomy factors, movement and
motor patterns, lifestyle factors other than those related to
physical activity/sedentary behavior, environmental cir-
cumstances, the cognitive-evaluative component concern-
ing spinal pain, etc. No conclusions can be drawn about
potential contributions from factors or domains that were
not depicted in this model of spinal pain etiology. Fourth,
no questions were included focusing on duration, fre-
quency, and severity of pain periods.
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