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Abstract

Objectives: Musculoskeletal pain is common among
children and adolescents. Despite the lack of evidence
regarding harms and benefits, musculoskeletal pain is
often managed with pain medication. The aim of this
systematic review is to assess the prevalence of pain
medication use for musculoskeletal pain among children
and adolescents and the factors and side effects associ-
ated with use.

Content: Three databases (EMBASE, CINAHL and Psy-
chINFO) were systematically searched to identify studies
designed to examine the prevalence, frequency or factors
associated with the use of pain medication for musculo-
skeletal pain in children and adolescents (aged 619 years).
The included studies were assessed for study quality and
data were extracted.

Summary: The search initially provided 20,135 studies.
After screening titles, abstracts and full-texts, 20 studies
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were included. In school settings, 8—42% of children used
pain medication for musculoskeletal pain, and 67-75% of
children in sports clubs and from pain clinics used pain
medication. The most consistent factors associated with
the use of pain medications were pain characteristics and
psychological factors (e.g. being bullied, low-self-esteem),
while mixed evidence was found for increasing age and
female gender. Only two studies reported on the duration
of use and only one study on adverse effects related to the
use of pain medication.

Outlook: We found that 8-42% of adolescents from
school-based samples use pain medication for MSK pain,
while the prevalence among adolescents from sports clubs
and pain clinics is higher (67-75%). Pain characteristics
(pain duration, severity, intensity, disability levels and the
presence of >2 pain conditions or multisite pain) and psy-
chological factors were associated with a higher use of pain
medication, while for higher age and female gender the
evidence of association was mixed. Future studies should
systematically collect information on the type, duration of
use of pain medication and side effects to confirm the
findings of this review.

Keywords: adolescent; children; musculoskeletal pain;
pain medication.

Introduction

Musculoskeletal (MSK) pain is common in the general
population and affects up to 40% of children and adoles-
cents [1]. One in every two adolescents develop a MSK pain
complaint that lasts for 2 weeks and between 20 and 40% of
these adolescents will continue to experience recurrent
pain episodes transitioning from adolescence into adult-
hood [2-6]. Previous research show that back and neck
pain alone are the fourth leading cause for years lived with
disability globally in 10-14 years old, and similarly for
older (15-19) adolescents [7]. MSK pain affects the health-
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related quality of life and health behaviors such as physical
activity [8, 9], and is associated to anxiety, depression and
sleep problems [8-11].

Data from the U.K., Australia and Spain show that
annually up to 10% of adolescents have a consultation with
their general practitioner due to MSK pain [12-16]. First line
treatment for children and adolescents with MSK pain is often
pharmacological despite there is lack of evidence to support
this approach or its safety, as shown by recent reviews
[17-21]. Pain medications are often easily accessible in most
countries, which may drive its use. This is exemplified by the
common use of pain medication for non-musculoskeletal
pain conditions, such as headache, where the prevalence of
use has been reported to be up to 89% in a review that
included 12 studies from several countries [22]. However, the
prevalence of the use of pain medication specifically for MSK
pain is not known. In addition, users often lack knowledge
regarding efficacy, side effects and consequences of a pro-
longed use [18, 22-24].

Inadequate knowledge may lead to inappropriate use
of pain medication among children and adolescents [22,
25-27]. Furthermore, it remains to be investigated if inap-
propriate use of pain medication may contribute to long-
term health-issues [19, 20]. This is important as persistent
misuse during adulthood may be predicted by a behav-
ioural pattern developed during adolescence [22, 24, 28].
This underlines the importance of investigating the prev-
alence of the use of pain medication for MSK pain (both
prescribed and over-the-counter) in children and adoles-
cents, and the factors and side effects associated with use.
This knowledge can contribute to a broader understanding
of the use of pain medication. Furthermore, it can aid
healthcare professionals working with children and ado-
lescents in guiding the rational use of pain medication for
MSK pain. Therefore, the primary aim of this systematic
review is to synthesize the literature investigating the
prevalence of use of pain medication (i.e. paracetamol,
non-steroidal antinflammatory drugs, opioids) for MSK
pain among children and adolescents. The secondary aim
is to assess the factors and side effects associated with the
use of pain medication for MSK pain among children and
adolescents.

Methods

The protocol for this systematic review was registered prior to initiation
and was made publicly available in Open Science Framework (OSF)
[29]. The development of the study protocol of this systematic review as
well as the reporting of results followed the Preferred Reporting Items
for Systematic reviews and Meta-Analyses (PRISMA) Statement [30].
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Literature selection

A literature search strategy was developed using a combination of
medical subject headings (MeSH) and text words related to the child/
adolescent (e.g. child, children, adolescent, teenagers, school-
children, school), MSK pain (e.g. back pain, neck pain, knee pain,
chronic widespread pain), study design (e.g. prospective study,
retrospective study, cross-sectional study) and pain medications (e.g.
paracetamol, aspirin, opioids, NSAID, ibuprofen, codein) categories.
The search strategy is outlined in Supplementary Material. Key words
were identified by the senior investigator (AA) after consulting sys-
tematic reviews on the topic of MSK pain and pain medications and
discussions with the other reviewers and research librarians at Aal-
borg University.

All databases were searched from inception to the 5th of May
2021. The EMBASE, CINAHL and PsychINFO scientific databases were
searched. The search terms included in the strategy were tailored to
each specific scientific database.

Eligibility criteria

Eligible studies had to report data on the outcomes of this review. The
primary outcome was the prevalence of the use of pain medication for
MSK pain in children and adolescents. The secondary outcomes were
the factors and side effects associated with the use of pain medication
for MSK pain in children and adolescents. Studies designed to inves-
tigate the 1) prevalence 2) use (e.g. doses, frequency, duration) 3)
factors and side effects associated with the use of pain medication for
MSK pain were included. Studies where information on the use of pain
medication for MSK pain was reported in the abstract were also
included. Pain medications such as paracetamol, non-steroidal anti-
nflammatory drugs and opioids were considered. MSK pain was
considered as pain arising from the components of the MSK system
(muscles, joints, bones, ligaments and tendons) [31, 32]. Studies
reporting on adolescents with either MSK pain of a duration <3 months
or MSK pain of a duration >3 months, as defined by the International
Association for the Study of Pain [33], were considered. Studies had to
include children and adolescents aged 6—19 years old. According to
the World Health Organization (WHO) consolidated guidelines [34],
June 2013, “child” is a person 19 years or younger unless national law
defines a person to be an adult at an earlier age and “adolescent” a
person into the 10 to 19 age category. In addition, the age range 6-19 is
chosen as the age of 6 is considered as the starting age for a child to be
able to reliably self-report pain [35, 36]. Peer-reviewed studies pub-
lished in English, Scandinavian languages, Spanish, Italian were
eligible for inclusion. Studies published in any other language (e.g.
Portoguese) that could be translated by the authors were also
considered for inclusion. Studies with a prospective, retrospective or
cross-sectional study design were included. Randomized controlled
trials (RCTs) were excluded as an intervention was delivered and the
required selection criteria would likely compromise generalizability.
Studies were excluded if: data were reported on adults only, if separate
information for children and adults in case of a mixed sample were not
available or if children under the mean age of 6 were included in the
sample. Studies were further excluded if pain medication was not used
for MSK pain or if focusing on populations with specific diseases or
conditions (e.g. cancer pain) where pain is assessed and reported but
is a result of the disease or underlying condition. Studies reporting
treatment in the acute setting (e.g. treatment for acute pain related to
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injuries) were excluded. Studies were also excluded if full-text was not
available or if translation was not possible. An attempt was made to
obtain the full-text of the article through the interlibrary loan service
when the full-text was not available.

Selection process

The process of literature selection was carried out by four authors
(NAJ, AA, CG and CLS) and is summarized in the following stages: 1)
Initial search of articles, upload of all references on the reference
manager software (Covidence) and elimination of duplicates. This
stage was performed by one author (AA) with the support of the li-
brarians at Aalborg University Library. 2) Screening of titles and ab-
stracts to identify articles potentially suitable for inclusion. This stage
was performed by two authors (NAJ and AA). 3) Full text reading and
selection of the articles that met the inclusion criteria. Four reviewers
(NAJ, AA, CG and CLS, two authors for each paper) who assessed
eligibility of the studies undertook this stage.

Data extraction

Data was extracted by AA, NAJ, CG and CLS. Data was extracted
independently by a minimum of two authors for each study and then
cross checked in order to ensure consistency in the data extraction
process. In cases of disagreement, the article was discussed between
two authors until agreement was reached. In case disagreement
remained, a third author (MSR) would decide the outcome of the
disagreement. A standardized Excel data extraction form was used
during the data extraction process (Supplementary Material).

Quality assessment

The quality assessment was carried out by using a modified version of
the Epidemiological Appraisal Instrument (EAI). The modified version
of the EAI consisted of 31 items and is displayed in Figure 1. For each
item, a response was given among the following options: Yes (2 points
given), Partial (1 point given), No (0 points given), Unable to determine
(0 points given) and Not applicable (0 points given). The quality score
range for each study was therefore 0-62. The EAI has been appraised
and shown as being an excellent tool for the assessment of observa-
tional studies, cross-sectional studies and prospective studies [37].
During the quality assessment process, each article was assessed by a
minimum of two authors. In cases of disagreements the items in
question were discussed between two authors. A third author (MSR)
would decide on the final verdict if an agreement could not be reached.

Data synthesis

Data retrieved from studies identified were synthetized, as reported in
the “results” section and discussed to reflect on the credibility and
thoroughness of the results. Due to heterogeneity in terms of design and
measures used in the included studies, it was not possible to conduct a
meta-analysis. Therefore, a narrative synthesis was considered as the
most suitable method to report the results of the review. To summarize
the characteristics and outline the findings of the included studies,
information was presented in the text in the following sections: “Study
selection process”, “Quality and characteristics of the studies”,
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“Prevalence of the use of pain medication”, “Factors associated with the

use of pain medication”, “Side effects”, “Duration of the use of pain

medication”. Information was also presented in tables.

Results
Study selection process

The electronic search initially provided 20,135 studies, of
which 17,694 remained after duplicate deletion. After title
and abstract screening 334 studies were screened for
eligibility, of which 314 were excluded because they did not
meet the eligibility criteria. Finally, 20 studies met the
eligibility criteria and were included. The process of se-
lection of studies in the review is outlined following the
PRISMA model, Figure 2.

Quality and characteristics of the studies

Table 1 outlines the characteristics of the included studies,
which were all published in English language. The
included studies were from 11 countries (seven from the
USA, three from Finland, two from Greece and one from
Italy, Germany, Thailand, Norway, Iceland, Spain, The
Netherlands and Australia each), reporting data on a total
of 629,424 participants (range 80-268,228). More than half
of the studies (n=11; 55%) had a sample size >1,000 par-
ticipants. The majority of studies (n=9) were carried out in
the school setting, while one study was from a sport club (a
youth swimming team), one study from a mixed sample of
sport clubs (including several youth sports teams) and
schools, two from pediatric departments, two from birth
cohorts, two from pain clinics and three studies were
registry-based. The registry-based studies included data
from four different registries: the Tennessee Medicaid
program [40], and three registries of privately insured
populations: the MarketScan commercial claims database
[38], the HealthCore Integrated Research Database and the
Arkansas Medicaid [51]. Thirteen studies were cross-
sectional, six were retrospective studies and one had a
prospective study design. The majority of the studies re-
ported on adolescents aged 15-16 years old. Further, in
most studies the sample had an equal distribution of boys
and girls while four studies had a higher proportion of girls
than boys [38, 42, 43, 57]. One study did not report on the
gender distribution [46]. Five studies (25%) reported in-
formation on the ethnicity of participants, and 10 studies
(50%) reported on the participation rate (for three studies
this was not applicable as they were registry-based). The
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Epidemiological Appraisal Instrument (EAI)

1) Is the hypothesis/aim/objective of the study clearly described?
2) Are all the exposure variables/intervention(s) clearly described?

3) Are the main outcomes clearly described?

4) Ts the study design clearly described?

5) Is the source of subject population (including sampling frame) clearly
described?

6) Are the eligibility criteria for subject selection clearly described?
7) Are the participation rate(s) reported? Are ascertainments of record
availability described?

8) Are the characteristics of study participants described?

9) Have the characteristics of subjects lost after entry into the study or
subjects not participating from among the eligible population been
described? Have the details of unavailable records been described?

10) Are the important covariates and confounders described in terms of
individual variables?

11) Are the statistical methods clearly described?

12) Are the main findings of the study clearly described?

13) Does the study provide estimates of the random variability in the data for
the main outcomes or exposures (i.e. confidence intervals, standard
deviations)?

14) Does the study provide estimates of the statistical
parameters (e.g. regression coefficients or parameter
estimates such as odds ratio)?

15) Are sample size calculations performed and reported?

16) Is the participation rate adequate? Is the ascertainment of record
availability adequate?

17) Are subject losses or unavailable records after entry into the study taken
into account?

18) Are the exposure variables reliable?

19) Are the exposure variables valid?

20) Are the methods of assessing the exposure variables similar for each
group?

21) Is exposure conducted at a time prior to the occurrence of disease or
symptoms?

22) Are the main outcome measures reliable?

23) Are the main outcome measures valid?

24) Are the methods of assessing the outcome variables standard across all
groups?

25) Are the observations taken over the same time for all groups?

26) Is prior history of disease and/or symptoms collected and included in the
analysis?

27) Is there adequate adjustment for covariates and
confounders in terms of individual variables in the
analyses?

28) Are outcome data reported by levels of exposure?

29) Are the outcome/exposure data reported by subgroups of subjects?

30) Can the study results be applied to the eligible population?

- - Figure 1: Modified version of the
31) Can the study results be applied to other relevant populations? Epidemiological Appraisal Instrument (EAI).
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PRISMA 2009 Flow Diagram

Al-Janabi et al.: Pain medication use for musculoskeletal pain =—— 657

Additional records Records identified through
_5 identified through other database searching (n = 20,135)
E sources 15,759 Embase
& 440 PsycINFO
€ 3,936 CINHAL
=
L l v Duplicates excluded
(n=2441)
) Records remaining after duplicates were
removed (n =17,694)
=
s
g A4
2 Records screened R Records excluded after reading
(n=17,694) " title and abstract (n = 17,360)
) v
Full-text articles assessed Full-text articles excluded, with
= for eligibility > reasons (n = 314)
3 (n=334) Adult population (78)
& Wrong topic (66)
“ No info on MSK pain (35)
v Wrong patient population (33)
- Studies included in Wrong study design (28)
qualitative synthesis Population with other disease (17)
) (n=20) Other reasons (15)
No information on pain medication
= (11)
e ¥ Review (8)
% Studies included in Non-MSK pain (8)
= quantitative synthesis Population too young (8)
(meta-analysis) Wrong outcomes (2)
(n=0) Full-text not available (2)
R Abstract not available (1)
Pediatric population (1)
Post-operative pain (1)

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting /tems for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(7): €1000097. doi:10.1371/journal.pmed1000097

For more information, visit www.prisma-statement.org.

Figure 2: Flowchart showing the process of selection of the studies in the review.

studies were published between year 2000 and 2020, with
the majority (15/22) published after 2010.

Based on the EAI the average quality score of studies
was 36.0 (potential maximum score: 62). By applying a
categorization of studies in tertiles, the scores for the studies
of higher quality ranged from 39 to 47, from 31 to 38 for
studies of medium quality and from 24 to 30 for studies of

lower quality according to our criteria. The quality assess-
ment for each study is outlined in Supplementary Material.

Prevalence of the use of pain medication

The prevalence of pain medication use in children and ado-
lescents with MSK pain is reported in Table 2. Prevalence
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Table 1: Characteristics of the studies included in the review.
Author (Year) Country Study setting  Study setting Sample size Mean age Gender Participation Quality
(range) rate score
Azad et al. 2020 U.S.A. Retrospective  Registry-based 268,228 13.6 42.9% N/A 37
[38] (5-17) boys
57.1%
girls
Beales et al. 2012  Australia Cross-sectional Birth cohort 1,391 17 47.2% 93.4% 42
[39] boys
52.8%
girls
Chungetal. 2019 U.S.A. Retrospective  Registry-based 201,940 15.2 44.6% N/A 45
[40] (12-17) boys
55.4%
girls
Garmy et al. 2019  Iceland Cross-sectional School 11,018 11-15 50% boys 84% 38
[41] 50% girls
Guite et al. 2018 U.S.A. Cross-sectional Tertiary pain 120 15.6 20% boys 87% 47
[42] clinic (11-18) 80% girls
Hibberd and Myers U.S.A. Cross-sectional Sport club 102 15.1 38.2% 70% 34
2013 [43] (13-18) boys
61.8%
girls
Huguet and Miré Spain Cross-sectional School 561 11.9 51.7% 62.2% 36
2008 [44] (8-16) boys
48.3%
girls
lacovelli etal. 2019 ltaly Cross-sectional School 1,301 15.9 47.4% Not reported 24
[45] (14-19) boys
52.6%
girls
Karjalainen etal.  Finland Cross-sectional Birth cohort 1987 16-18 Not Not reported 30
2013 [46] reported
Kaspiris et al. 2010 Greece Retrospective  Pediatric 692 11.2 49% boys Not reported 29
[47] department (7.5-14) 51% girls
Kaspiris and Greece Retrospective  Pediatric 532 8.6 52.4% Not reported 29
Zafiropoulou department boys
20009 [48] 47.6%
girls
Keeratisiroj and Thailand Cross-sectional School 2,750 10-19 50% boys Not reported 37
Siritaratiwat 2018 50% girls
[49]
Perquin et al. 2000 The Cross-sectional School 5,423 9.3 (0-18) 48.9% 82% 44
[50] Netherlands boys
51.1%
girls
Richardson et al. U.S.A. Retrospective  Registry-based  HealthCore: 13-17 50% boys N/A 27
2011 [51] 2001 50% girls
(n=39,566),
2005
(n=64,354).
Arkansas
Medicaid:
2001
(n=7,384)
2005

(n=15,346)
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Table 1: (continued)
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Author (Year) Country Study setting  Study setting Sample size Mean age Gender Participation Quality
(range) rate score
Rossi et al. 2016 Finland Cross-sectional Sport club and 1,637 15.5 47.2% 41% 39
[52] schools (14-16) boys
52.8%
girls
Roth-Isigkeit et al. Germany Cross-sectional School 749 4-19 47.4% 80.3% 43
2005 [53] boys
52.6%
girls
Skaggs et al. 2006 U.S.A. Cross-sectional School 1,540 12.4 52% boys Not reported 35
[54] (10-15) 48% girls
Skarstein et al. Norway Cross-sectional School 367 15-16 49% boys 59% 39
2014 [55] 51% girls
Stahl et al. 2004 Finland Prospective School 366 13-16 48.4% 71.9% 38
[56] boys
51.6%
girls
Tianetal. 2018 [57] U.S.A. Retrospective  Rheumatolo-gy 80 15(13-16) 11% boys Not reported 27
clinic 89% girls

N/A, not applicable.

estimates varied depending on the study setting. The preva-
lence in an American study [57] (n=80) from a pain clinic
(75%) and an American [43] (n=102) and Finnish [52] (n=1,637)
study from sport clubs (62-72%) was higher compared to
estimates from studies carried out in school settings (8—-42%).
Studies from school settings (n ranged from 366 to 11,018)
were from Finland [56], Iceland [41], Thailand [49], Italy [45],
Germany [53], Norway [55], Spain [44], The Netherlands [50]
and the U.S.A. [54]. Among school-based studies, a low
prevalence (10.4%) of pain medication use was reported in
one study [45] while the remaining studies [41, 44, 49, 50,
53-56] reported prevalence estimates ranging from 15 to 42%.
Studies from the pediatric department (n=532) [48] and
(n=692) [47] reported a prevalence estimate between 17.5 and
23.5%. Registry-based studies (all from the U.S.A.) provided
slightly different information. One study (n=201,940) [40]
reported that among all the opioid prescription for several
indication (i.e. dental, medical or surgical procedure, trauma,
infection, headache or other pain), 5.5% of hydrocodone,
4.7% of codeine, 3.1% of oxycodone and 18.3% of tramadol
prescriptions were for back or other MSK pain. The second
registry-based study (2 registries included, n up to 64,354) [51],
reported data on opioid prescription for chronic non-cancer
pain conditions among privately insured adolescents. In
2001, 21.5-37.8% of all the prescription were for joint pain,
and 21.2-39.0% for back/neck pain. In 2005, these figures
increased to 21.6-41.0% (joint pain), and 21.4-44.5% (back/
neck pain) [51]. Only three studies [42, 51, 57] included chil-
dren and adolescents with MSK pain of a duration >3 months
or with a ICD-9-CM code for MSK pain and showed the highest

prevalence of use of pain medication (from 20 up to 75%). The
third registry based-study [38] (n=268,228) showed that 13% of
children and adolescents with low back pain were prescribed
opioids within 12 months from their diagnosis.

Eleven studies reported on the type of medication
used. These were mainly paracetamol and NSAIDs in
studies from school settings [41, 44, 55], sport club [52] or
pediatric department [47, 48]. Opioids were reported only
in four American studies, one from a pain clinic [42] and
three registry-based studies [38, 40, 51].

Five studies (4 from school settings and 1 from a sport
club) reported on the frequency of use of pain medication.
Depending on the categorization (bullied vs. non bullied),
Icelandic adolescents reported using “sometimes” the
following medication when experiencing pain: 40-50%
paracetamol, 39-44% ibuprofen, 3-7% aspirin and 3-8%
diclofenac [41]. In another study, the frequency of use of
pain medication in Italian school adolescents with mild
back pain was 2 times/month, while it was 5 times/month
among those with moderate to severe back pain [45]. In a
study among German school children who reported expe-
riencing pain in the last three months, 39.1% reported using
pain medication for their pain sometimes and 12.4% often or
always [53]. In a study including Norwegian school-
adolescents, 10% reported that they were daily users of
over-the-counter analgesic, while 35% of them used over-
the-counter analgesics less than weekly and 39% did not use
them in the past previous 4 weeks [55]. In one study among
102 adolescent American swimmers, 72% reported using
pain medications to manage shoulder pain, of whom 20%
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Table 2: Use of pain medications in children and adolescent with MSK pain categorized by setting.

DE GRUYTER

Author Pain location and definition Pain prevalence Pain medication use %  Type of pain Frequency of pain
(Year & country) medication medication use
School-based studies
Garmy et al. 2019 BP, NSP BP 8.1% (non-bullied) Paracetamol Pain medication
[41] (Iceland) Definition: Pain on a weekly basis 17.9% (bullied) Ibuprofen use sometimes:
NSP 9.3% (non-bullied)  Aspirin Paracetamol
21.5% (bullied) Diclofenac (41.8% non-
bullied; 49.1%
bullied)
Ibuprofen (39.4%
non-bullied;
43.4% bullied)
Aspirin (2.8%
non-bullied;
7.2% bullied)
Diclofenac (3.3%
non-bullied;
8.0% bullied)
Huguet and Mir6  HP, LP, ABP, CP, BP, NP, PP HP: 43% 42.2% Paracetamol Not reported
2008 [44] (Spain) Definition: Troublesome pain in LP: 47% Ibuprofen
the last three months ABP: 34.3% Acetylsalicylic acid
CP: 2.3%
BP: 11.3%
NP: 5%
PP: 2.9%
lacovelli et al. BP 87.5% 10.4% Not reported 2 times/month
2019 [45] (Italy)  Definition: Pain in the last three (mild pain)
months 5 times/month
(moderate/se-
vere pain)
Keeratisiroj and HP, NP, SP, EP, WP, UBP, LBP, AFP  76.1% (Pain in at 33.7% Not reported Not reported

Siritaratiwat 2018
[49] (Thailand)

Perquin et al.
2000 [50] (The
Netherlands)

Roth-Isigkeit et al.
2005 [53]
(Germany)

Skaggs et al.
2006 [54] (U.S.A)

Skarstein et al.
2014 [55]
(Norway)

Stahl et al. 2004
[56] (Finland)

Definition: Pain in the last week
and in the last 12 months

HP, LP, BP, EP, THP, ABP
Definition: Chronic pain: pain
existing for more than three
months recurrently or
continuously.

BP, LP

Definition: Any prolonged or
recurrent pain in the last three
months

BP

Definition: “Do you have back
pain?”

Not reported

NP
Definition: Neck pain once a
month

least one area in
the last week)
73.0% (Pain in at
least one area in
the last

12 months)
Chronic pain:
25%
Non-chronic
pain: 28%
BP=4.6%

LP 10.4%

BP 30.2%

LP 33.6%

37%

Not reported

21.3% (1-year

follow-up)

43.4% (4-year
follow-up)

39% of those with chronic
pain

BP 16.4%
LP 22.5%

14%

26%

28%

Not reported

Not reported

Not reported

OTC analgesics

Not reported

Not reported

39.1% some-
times

12.4% often or
always

Not reported

10% daily users
35% less than
weekly

39% no use in
previous 4 weeks
Not reported
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Table 2: (continued)

Author Pain location and definition Pain prevalence Pain medication use %  Type of pain Frequency of pain
(Year & country) medication medication use

Birth cohort studies

Beales et al. 2012 LBP** Cluster 1 (45.8%) Overall 16.3% Not reported Not reported
[39] (Australia) Definition: Lifetime experience of Cluster2 (63.2%) Cluster 1 (13.7%)
low back pain Cluster3(66.7%) Cluster 2 (28.1%)

Cluster 4 (63.9%) Cluster 3 (33.3%)
Cluster 4 (25.7%)

Karjalainen et al.  Sciatic pain Lifetime preva-  Intensity of sciatic pain Not reported Not reported
2013 [46] Definition: Have you ever suffered lence (0-3) Girls 16%, Boys 0%
(Finland) from sciatic pain ever? During the 7.2% girls (4-7) Girls 52%, Boys
past year? 3.4% boys 31%
12-month preva- (8-10) Girls 43%, Boys
lence 83%
6.5% girls Physical limitations (0) —
3.0% boys Girls 26%, Boys 9%
(1-2) Girls 35%, Boys
36%
(3-5) Girls 56%, Boys
60%
Sport clubs
Hibberd and SP Mild SP: 85% 72% Not reported 20% 1< time/
Myers 2013 [43]  Definition: Shoulder pain in the Moderate month
(U.S.A) last 12 monthsonascalefromOto SP:61% 33% 1-3 times/
10 Severe SP: 21% month
47% >1 times/
week
Rossi et al. 2016  LBP, NSP LBP girls 35% 67.2% sports club mem-  NSAIDs Not reported
[52] (Finland) Definition: Pain more than once a LBP boys 24.5% bers

month in the last three months NSP girls 52.9% 62.2% non-sport club
NSP boys 27.3% members
Pediatric department

Kaspiris and GP 24.5% 17.5% Paracetamol Not reported
Zafiropoulou Definition: growing pains (ac- Acetaminophen
20009 [48] cording to Petersen’s criteria) in Mefenamic acid
(Greece) the last year
Kaspiris et al. LBP 22.1% 23.5% Paracetamol Not reported
2010 [47] Definition: non-specific low back Mefenamic acid
(Greece) pain
Pain clinic
Guite et al. 2018 AMPS (44%) diffuse 17% Opioids Opioids Not reported
[42] (U.S.A) Definition: complex regional pain  MSK pain 31% non-opioid Nonopioids

syndrome, localize or diffuse (26%) CRPS analgesics Psychotropic or

musculoskeletal pain and other (30%) localised neuropathic medi-

amplified musculoskeletal pain MSK pain cations

syndromes lasting >3 months Other pain

medications

Tian et al. 2018  AMPS 100% Overall 75%: NSAIDs narcotics ~ Not reported
[57] (U.S.A)) Definition: diagnosis of chronic 66% at least 1 NSAID, muscle relaxants

musculoskeletal pain syndrome 15% at least 1 narcotic ~ antidepressants

10% at least 1 muscle
relaxant

19% at least 1
antidepressant
Registry-based
Azad et al. 2020  LBP N/A 13.2% Opioids Not reported
[38] (U.S.A)) Definition: ICD-9 code for low back
pain
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Table 2: (continued)
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Author Pain location and definition Pain prevalence Pain medication use %  Type of pain Frequency of pain
(Year & country) medication medication use
Chung et al. 2019 BP, other MSK pain N/A 5.5% of hydrocodone, Hydrocodone Not reported
[40] (U.S.A)) Definition: medical record 4.7% of codeine, 3.1% of Codeine

indication for back pain or other oxycodone and 18.3% of Oxycodone

musculoskeletal pain tramadol Tramadol

Richardson etal. BP, NP, JP Health Core*
2011 [51] (U.S.A.) Definition: ICD-9-CM code for back JP: 81%
pain, neck pain, joint pain BP/NP: 33%
Arkansas
Medicaid*
JP: 74%

BP/NP: 37%

prescriptions were for
back or other musculo-
skeletal pain
HealthCore (2001)

JP: 21.5%

BP/NP: 21.2%
HealthCore (2005)

JP: 21.6%

BP/NP: 21.4%
Arkansas Medicaid
(2001)

JP: 37.8%

BP/NP: 39.0%
Arkansas Medicaid
(2005)

JP: 41.0%

BP/NP: 44.5%

Short-acting and
long-acting opioids

Not reported

BP, Back pain; LBP, Low back pain; UBP, Upper back pain; NSP, Neck/shoulder pain; HP, Head pain; NP, Neck pain; SP, Shoulder pain; EP, Elbow
pain; WP, Wrist/hand pain; TP, Hip/thigh pain; KP, Knee pain; AP, Arm pain; AFP, Ankle/foot pain; ABP, Abdominal pain; CP, Chest pain; LP, Pain
in the extremities/limb pain; EP, Ear pain; THP, Throat pain; PP, Pelvis pain; GP, Growing pain; AMPS, Amplified musculoskeletal pain syndrome;
CRPS, Chronic regional pain syndrome; JP, Joint pain. *Prevalence estimated among all those with chronic non-cancer pain. ** Individuals were
categorized in 4 clusters: Cluster 1 — Low probability of diagnosed low back pain or any other medical condition; Cluster 2 — High probability of
diagnosed low back pain and neck/shoulder pain, but a low probability of other diagnosed health conditions; Cluster 3 - Moderate probability
of diagnosed low back pain and high probability of diagnosed anxiety and depression; Cluster 4 — Moderate probability of diagnosed low back
pain and high probability of diagnosed behavioral and attention disorders.

used them <1 time per month, 33% 1-3 times per month and
47% > 1 times per week [43].

Factors associated with the use of pain
medication

Fourteen studies (70%) reported information on the factors
associated with the use of pain medication for MSK pain in
children and adolescents (outlined in Table 3). Mixed-
evidence was found regarding the association between the
use of pain medication and increasing age, with four studies
[38, 41, 51, 53] reporting a positive association and two
studies reporting no evidence of association [44, 50].
Regarding female gender, six studies [38, 39, 44, 46, 52, 53]
reported higher use in girls compared to boys and two studies
[50, 55] reported a non-statistically significant association.
However, it should be noted that for both age and female
gender, the studies reporting no evidence of association also
included the use of pain medication for non-MSK pain con-
ditions (e.g. headache, abdominal pain) in the analysis.

Several pain characteristics were associated with the
use of pain medication as assessed with a statistical test, or
as shown by a marked increase in the percentage of pain
medication use. These pain characteristics were: pain
severity [44, 45], pain intensity [42, 46, 50, 53], pain dura-
tion [42, 44, 53], disability levels [42, 46] and the presence
of >2 pain conditions or pain in various body sites [50, 51,
55]. Conflicting results were reported for pain frequency,
which was associated with the use of pain medication in
two studies [41, 56], of which one study [41] considered
pain frequency as weekly symptoms of either headache,
stomachache, backache, and/or neck and shoulder pain.
Conversely, other studies reported that healthcare utiliza-
tion [53] (e.g. visit to the doctor and/or using pain medi-
cation) or pain medication use [50] were not predicted by
pain frequency. However, in these latter studies the use of
pain medication might also include use for other condi-
tions such as headache and abdominal pain, as separate
analysis for each pain condition was not carried out.

Factors pertaining to the psychological domain (pres-
ence of one or more mental health condition, being bullied
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Table 3: Factors associated with the use of pain medications in children and adolescent with MSK pain.

Factors associated with pain Study reporting the Pain location Effect found
medication use association
Increasing age Azad et al. [38] LBP Patients aged 10 to 14 (OR, 2.89; 95% Cl, 2.71-3.08; p<0.0001) and

15-18 years (OR, 6.98; 95% Cl, 6.56—7.44; p<0.0001) were signifi-
cantly more likely to be prescribed opioids
Reference category: 5-9 years

Garmy et al. [41] BP Increasing age associated with using analgesics during the past week
OR 1.18,95% Cl 1.05-1.34
Huguet and HP, LP, ABP, CP, Theage ofthe child was not related to the use of medication to get pain
Mir6 [44]** BP, NP, PP relief.
Perquin et al. [50]** HP, LP, BP, EP,  Age was not a predictor of medication use:
THP, ABP 8-11 years (OR 0.91; 0.59-1.42)

12-15 years (OR 1.11; 0.75-1.65)
Reference category: 16-18 years
Richardsonetal.[51] BP, NP, JP Rates of prescription were highest among older adolescents
RR=1.70, Cl: 1.64-1.76 (Health Core registry)*
RR=1.34, Cl: 1.28-1.40 (Arkansas Medicaid registry)*

Roth-Isigkeit et al. BP, LP The prevalence of medication use because of pain significantly

[53] increased with age (p=0.001);
Healthcare utilization was predicted by increasing age (OR 1.08; 95%
Cl1.01-1.16)

Female gender Azad et al. [38] LBP Females were more likely than males to receive an opioid prescription

(odds ratio [OR], 1.13; 95% Cl, 1.10-1.15; p<0.0001).

Beales et al. 2012 LBP Use of pain medication by gender: 143 girls (68.4%) and 66 boys

[39] (31.6%)

Huguet and HP, LP, ABP, CP, Compared to boys, girls had a higher probability of having consumed

Mir6 [44]** BP, NP, PP pain medication (45.26 vs. 59.75%; chi-2=9.50; p=0.01)

Karjalainen et al. Sciatic pain Females used pain medication for sciatic pain more often than males,

[46] and the difference was statistically significant (p=0.003).

Perquin et al. [50]** HP, LP, BP, EP,  Sex was not a predictor of medication use:

THP, ABP Boys (OR 0.87; 0.67-1.12)

Reference category: girls

Rossi et al. [52] LBP, NSP Higher use of NSAIDs in girls compared to boys among both sport clubs
members (75 vs. 59.6%) and non-sport club members (73.7 vs. 46.1%)

Roth-Isigkeit et al. BP, LP Girls >10 years of age used more medications for their pain than did

[53]** boys of the same age (p=0.001)

Skarstein et al. [55] Females were not significantly more likely to be high-frequency users
of OTC analgesics OR 1.89, 95% Cl 0.89-4.01

Pain frequency Garmy et al. [41] BP Having weekly pain was associated with using analgesics during the

past week

OR 7,45; 95% Cl 6.32-8.78***
Perquin et al. [50]** HP, LP, BP, EP,  Frequency of pain was not associated with medication use:
THP, ABP <1/month (OR 1.56; 1.13-2.15)
>1/month (OR 0.86; 0.65-1.15)
Reference category: >1/week

Roth-Isigkeit et al. BP, LP Healthcare utilization was not predicted by pain frequency (OR 0.96;
[53] 95% Cl1 0.85-1.09)
Stahl et al. [56] NP The proportion of painkiller users increased with the frequency of neck

pain (p=0:054), from 22% (Neck pain 1 time a month) to 43% (Neck
pain almost daily)

Pain severity lacovelli et al. [45] BP Increase in use of analgesic with increased pain severity (3.7% mild
pain; 5.6% moderate pain; 18% severe pain).
Huguet and HP, LP, ABP, CP, The greater the grade of pain severity the higher the likelihood that
Mir6 [44]** BP, NP, PP children used medication (y*=25.56, p<0.01). Medication use and pain
severity:

Grade 0: 39.3%
Grade 1: 42.3%
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Table 3: (continued)

Factors associated with pain Study reporting the Pain location Effect found

medication use association
Grade 2: 64.1%

Grade 3: 80.0%
Grade 4: 83.3%

Pain intensity Guite et al. [42] AMPS Subjects who used any pain medication, compared with those who
took none, reported higher levels of usual pain intensity F[1,119]
=4.55, p<0.05

Karjalainen et al. Sciatic pain No specific analysis was performed. However, the use of pain medi-
[46] cations increased with increasing levels of intensity of sciatic pain
(especially in males)
Perquin et al. [50]** HP, LP, BP, EP, Intensity of pain was positively associated with medication use
THP, ABP <50 mm (OR 0.52; 0.40-0.67)
Reference category: >50 mm
Roth-Isigkeit et al. BP, LP Healthcare utilization was predicted by greater intensity of pain (OR
[53] 1.30; 95% Cl 1.18-1.45)

Pain duration Guite et al. [42] AMPS Significant correlation found between number of pain medications

used and pain duration r=0.18, p<0.05
Huguet and HP, LP, ABP, CP, Children with chronic pain were more likely to use medication than

Mir6 [44]**

Roth-Isigkeit et al.
[53]
Disability levels Guite et al. [42]

Karjalainen et al.
[46]

>2 pain conditions or pain in Perquin et al. [50]**
various body sites

Richardsonetal. [51]

Skarstein et al. [55]
Pain location Perquin et al. [50]**

Previous prescription Azad et al. [38]

Consulting a greater number Guite et al. [42]
of doctors
Time to diagnosis Tian et al. [57]

Being member of a sport club Rossi et al. [52]

BP, NP, PP

BP, LP

AMPS

Sciatic pain

HP, LP, BP, EP,
THP, ABP

BP, NP, JP

HP, LP, BP, EP,
THP, ABP

LBP

AMPS

AMPS

LBP, NSP

children without chronic pain (Chi-2=28.74; p<0.001, and
Chi-2=12.07; p<0.01)

Pain medication use:

54.60% in children with chronic pain

39.30% in children without chronic problems.

Healthcare utilization was predicted by longer duration of pain (OR
1,15; 95% Cl 1.04-1.27)

Subjects who used any pain medication, compared with those who
took none, had higher disability scores F[1,119]=4.15, p<0.05
Significant correlation found between number of pain medications
used and patient-reported disability r=0.28, p<0.01

No specific analysis was performed. However, the use of pain medi-
cations increased with the number of physical limitations (in both
gender)

Individuals who reported pain in multiple locations had used medi-
cation significantly (p<0.001) more often (45%) than those reporting a
single pain location (33%).

Single pain location (OR 1.06; 0.72-1.55)

Reference category: multiple pain location

RR=1.28, Cl: 1.22-1.34 (Health Core registry)*

RR=1.91, Cl: 1.76-2.07 (Arkansas Medicaid registry)*

OR 3.14, 95% Cl 1.55-6.35

Limb pain was negatively associated with use of medication and the
association was significant. Back pain was not associated with
medication use

Limb pain (OR 0.63; 0.48-0.84)*

Back pain (OR 0.72; 0.51-1.01)

Having a filled opioid prescription was strongly associated with a
second filled opioid prescription (OR, 13.7; 95% Cl, 12.9-14.5;
p<0.0001)

Consulting a greater number of doctors for pain relief was related to
use of pain medication r=0.19, p<0.05

The number of medications used (rho=-0.04; p=0.772) was not
associated with time to diagnosis

Use of pain killers (NSAIDs) among sports club members (67.2%) vs.
non-sport club members (62.2%), p<0.05; Especially in boys with LBP:
sports club members (38.2%) vs. non-sport club members (20.5%),
p<0.002
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Table 3: (continued)
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Factors associated with pain Study reporting the Pain location

medication use association

Effect found

Skarstein et al. [55]

Presence of >1 mental health
condition
Being bullied

Richardsonetal.[51] BP, NP, JP
Garmy et al. [41] BP
Skarstein et al. [55]

Self-esteem

Sleeping <7 h/night Skarstein et al. [55]

Consumption of caffeinated
drinks

Skarstein et al. [55]

Binge drinking Skarstein et al. [55]

Performing paid work Skarstein et al. [55]

Socio-economic status Skarstein et al. [55]

Parental/ethnic background Skarstein et al. [55]

Educational level Perquin et al. [50]** HP, LP, BP, EP,

THP, ABP

Skarstein et al. [55]

Absence from school Skarstein et al. [55]

No statistically significant differences between high and low-
frequency users with regard to participation in sports

RR=1.37, Cl: 1.29-1.45 (Health Core registry)*

RR=1.41, CI: 1.30-1.52 (Arkansas Medicaid registry)*

Being bullied at least 2-3 times monthly was associated with using
analgesics during the past week OR 2.10, 95% Cl 1.73-2.55

Lower self-esteem was significantly associated with being a high-
frequency user of OTC analgesics OR 2.77, 95% Cl 1.40-5.46
Sleeping >7 h/night was significantly inversely associated with being a
high-frequency user of OTC analgesics

OR 0.47, 95% Cl 0.24-0.91

Daily intake of caffeinated drinks was significantly associated with
being a high-frequency user of OTC analgesics

OR 2.25, 95% Cl 1.14-4.45

Two or more episodes of binge drinking was significantly associated
with being a high-frequency user of OTC analgesics

OR 3.41, 95% Cl 1.76-6.62

Performing paid spare-time work was significantly associated with
being a high-frequency user of OTC analgesics OR 3.57, 95% Cl 1.88—
3.70

Good/very good perceived economic status was not significantly
associated with being a high-frequency user of OTC analgesics

OR 2.14, 95% Cl 0.99-4.62

No statistically significant differences between high and low-
frequency users with regard to cultural backgrounds of parents
Educational level was not associated with use of medication

Lower secondary school (OR 0.87; 0.56-1.35)

Middle secondary school (OR 0.62; 0.36-1.06)

Higher secondary school (OR 0.76; 0.44-1.31)

Reference category: Lower vocational training

Less ambitious educational plans (ref. no plans)

University OR 0.23, 95% Cl1 0.10-0.53

Vocational OR 0.67, 95% Cl 0.27-1.65

Absence from school three days or more was significantly associated
with being a high-frequency user of OTC analgesics

OR 2.91, 95% Cl 1.46-5.77

BP, Back pain; LBP, Low back pain; UBP, Upper back pain; NSP, Neck/shoulder pain; HP, Head pain; NP, Neck pain; SP, Shoulder pain; EP, Elbow
pain; WP, Wrist/hand pain; TP, Hip/thigh pain; KP, Knee pain; AP, Arm pain; AFP, Ankle/foot pain; ABP, Abdominal pain; CP, Chest pain; LP, Pain
in the extremities/limb pain; EP, Ear pain; THP, Throat pain; PP, Pelvis pain; GP, Growing pain; AMPS, Amplified musculoskeletal pain syndrome;
CRPS, Chronic regional pain syndrome; JP, Joint pain. Healthcare utilization=visit to the doctor and/or using pain medication. *RR of being

prescribed opioids, **includes medication for other pain conditions (e.g. headache, abdominal pain), ***Any weekly symptoms of pain (either

headache, stomachache, backache, and/or neck and shoulder pain).

and low-self-esteem) were also associated with the use or
prescription of pain medication, as reported in three different
studies [41, 51, 55]. Consulting a greater number of doctors
was associated with the use of pain medication in one study
[42]. Regarding physical activity, being a member of a sport
club was associated with the use of pain medication (espe-
cially in boys) in one study [52]. However, no differences
between high and low-frequency pain medication users in
relation to participation in sports were observed in another

study [55]. Having an opioid prescription was associated with
a future opioid prescription in one study [38] Conflicting re-
sults were found for an association between use of pain
medication and educational level [50, 55]. Finally one study
[55] found statistically significant associations between the
use of pain medication and other factors such as sleeping
<7 h per night, daily consumption of caffeinated drinks,
binge drinking, performing spare-time paid work and
absence from school three days or more.
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Side effects

Only one study, registry based [40], reported on side effects
(n=275) observed. Side effects related to the use of opioids
included neurologic or respiratory symptoms (49% of
cases), of which 25.8% was central nervous system
depression, 3.3% respiratory depression and 30.2%
neuropsychiatric symptoms. Other individuals had
gastrointestinal (20.7%), dermatologic (18.5%), allergic
(12.7%) or other (1.5%) symptoms [40]. However, the risk of
experiencing the side effects was different depending on
the type of opioid used, with tramadol and oxycodone
users who had increased risk for all opioid-related side
events compared to codeine and hydrocodone users. There
were no studies reporting on side effects related to the use
of non-opioid pain medication (paracetamol or NSAIDs).

Duration of the use of pain medication

Only two American studies (10%) [40, 51] reported on the
duration of use of pain medication. In one study [40],
opioids were prescribed for a mean of 4.4 days, while in
another study [51] opioids were prescribed for a mean of
11.5 days in 2001 (Arkansas Medicaid registry) and 7.5 days
(HealthCore registry) and 13 days (Arkansas Medicaid
registry) in 2005. However, these estimates might also
include the use of opioids for other non-MSK pain
conditions.

Discussion
Summary

We identified 20 studies, which reported that 8-75% of
children and adolescents use pain medication for MSK
pain. The lowest prevalence was found in studies from
school-based samples (8—42%) while 67-75% of adoles-
cents in sports clubs or pain clinics used pain medication
for their MSK pain. The most consistent factors associated
with the use of pain medications were pain characteristics
and psychological factors. Mixed evidence was found for
increasing age and female gender, although most studies
reported that these factors were associated with use of pain
medication, and the studies reporting no evidence of as-
sociation also included the use of pain medication for other
pain conditions in the analysis.

Only two studies reported on the duration of the use of
pain medication and only one study on side effects related
to the use of pain medication, which assessed only opioids,
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however. The lack of data regarding side effects (especially
related to the use of paracetamol and NSAIDs) and dura-
tion of pain medication use requires further investigation.

Comparison with previous studies and
interpretation of results

We found a higher use of pain medication among children
and adolescents with more severe or long-lasting MSK
pain. This aligns with previous studies reporting that pain
medication is the first line of treatment for chronic pediatric
MSK pain [17]. Previous reviews on the use of medication in
children and adolescents focused mainly on other pain
conditions or symptoms (e.g. headache, allergies, fever,
cold and cough, insomnia, skin problems and menstrua-
tion) [22, 23, 58], which limits comparison. These reviews
report that 2-92% of children and adolescents self-
medicate for these conditions [22, 58]. Importantly, these
studies found that factors such as female gender, older age,
maternal education and familial practices were associated
with self-medication suggesting that children and adoles-
cents with certain traits are more likely to self-medicate
across different conditions [22]. This finding could be
interpreted as social learning involved in self-medication
as previous research have shown that mothers’ use of
medication was associated with their children’s use [23,
59]. In our review we found mixed evidence for increasing
age and female gender, although most studies reported
that these factors were associated with use of pain medi-
cation, and future studies are needed to confirm this as-
sociation. If evidence of association will be found, the
higher use of pain medication in girls might be explained
by use due to the management of menstrual pain [60]. In
addition, older adolescents might tend to use pain medi-
cation independently because they want to engage in so-
cial activities despite their pain [53, 61] and, depending on
the regulations on sales of pain medication of specific
countries, might be able to buy pain medication them-
selves without the parental control [62, 63].

The higher prevalence of pain medication use found in
populations regularly engaging in sport activities is in
agreement with previous findings in adult athletes [64].
This could be explained by cultural factors shared by sport
participants (e.g. pain medication are used to win the
competition or not to lose the role in the team) [64]. This is
supported by the fact that 84% of swimmers in one study
[43] agreed with the statement: “Taking time off of swim-
ming due to an injury is not a practical option if I want to
succeed at a high level.” [43]. Self-medication may be one
of the strong drivers of the high use. The severity of self-
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medication is supported by Iacovelli et al. [45] who showed
that 63-80% of adolescents used analgesic for their back
pain without a doctor’s prescription.

Three American studies reported on opioids use in the
management of MSK pain. In one study 21-44% of ado-
lescents with joint or back/neck pain were given an opioid
prescription [51], in another study 13% of adolescents with
low back pain were prescribed opioids [38], while in
another study 4.7-18.3% of opioid prescriptions were for
back or other musculoskeletal pain [40]. This is a signifi-
cant concern as opioids are currently not recommended for
management of chronic MSK pain and opioid use is asso-
ciated with significant risks for the patients [65, 66]. Since
both studies were performed in the U.S.A., these findings
may be due to cultural and healthcare system differences
between the U.S.A. and most of the OECD countries (with
safer opioid regulations in the European Union [67]), along
with the opioid epidemic in the U.S.A. [66, 68—70].

Strengths and limitations of this study

We took several steps to ensure the quality of the present
systematic review. Firstly, three different databases covering
the majority of the published health-science literature were
systematically searched without any time restriction and
including the most common languages for publication. In
addition, although it could be argued that the Pubmed or
Medline databases were not searched, the EMBASE database
provides the same coverage with an additional focus on
drugs and pharmacology. Secondly, we focused on study
designs which were compatible with the provision of infor-
mation on the prevalence of use of pain medication and
excluded designs which could have provided a biased esti-
mate (i.e. RCT). Thirdly, no restriction was applied to the
study settings. This enabled us to observe the prevalence of
pain medication use in a broad setting and among pop-
ulations with different grades of MSK pain severity (e.g.
schools vs. pain clinics) or which might be more likely to
experience MSK pain due to overuse (e.g. sport clubs).
Fourthly, the inclusion of studies from different countries and
continents allowed us to obtain an understanding on differ-
ences in use of pain medication (and type) for MSK pain. The
use of pain medication may be influenced by cultural factors
(pain perception and reporting as well as the prescription of
pain medication varies across countries and ethnicities
[71-73]) and legislations applied in the specific countries
(especially regarding the availability of over-the-counter and
opioid pain medication) [67]. Lastly, the majority of studies
included had a high number of participants or a response rate
>70%, which supports generalizability of results.
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This review also presents some limitations. Different
methods were used for the assessment of MSK pain (e.g.
intervals considered for the prevalence, frequency, dura-
tion of pain), of pain medication (e.g. prevalence, type,
frequency) and the recall period considered between
studies. Therefore, recall bias cannot be excluded [74]. This
may also limit comparability of the results between studies.
Due to the variability in how MSK pain was measured and
lack of information on pain medication we could not
perform a meta-analysis to create a pooled estimate. The
variability in data collection in the original studies also
prevented us from subgroup analysis to explore the asso-
ciation between duration of pain and use of pain medica-
tion. This review focused on studies reporting on the
prevalence of pain medication use among children and
adolescents with MSK pain as a primary aim of the study or
that reported this information in the abstract. Therefore, it
is possible that other studies that did not focus on pain
medication as a primary outcome but reported such in-
formation in the text or tables were not included. However,
it is likely that such studies would report a lower quality
information on pain medication use as this was not the
main objective of those studies.

Implication for future research

This review showed that pain medication is commonly used
in children and adolescents to manage MSK pain (not
related to injuries, as studies reporting on acute pain
resulting from injuries were not included). However, we
found a lack of information on the duration of use and the
side effects of pain medication, especially regarding para-
cetamol and NSAIDs. Future studies should strive to collect
detailed information on the use which will allow to differ-
entiate between occasional use of pain medication for MSK
pain of shorter duration, which might be safe, and regular
and long-lasting use that might occur for MSK pain of a
longer duration. Regular and long-lasting use of pain
medication might result in side effects, as it has been shown
in adults [75], but there is little information available from
the best evidence in children and adolescents [17-21].
Therefore, future dependencies, overuse, misuse and po-
tential health hazardous consequences of the use of pain
medication in children and adolescents should be investi-
gated and collected. Other information that should be
collected in future studies include the use of medication for
concurrent comorbidities (e.g. headache, menstrual pain)
and the gateway to pain medication (e.g. sport coach, fam-
ily, friends, general practitioner) [22, 76, 77]. Future studies
should validate which factors are associated with the use of
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pain medication (e.g. bullying, being a member of a sport
club, self-esteem). This might lead to the assessment and
targeting of specific factors (e.g. psychological factors),
which might be currently overlooked in daily practice.

Conclusions

This systematic review showed that 8-42% of adolescents
from school-based samples use pain medication for MSK
pain, while the prevalence in sports clubs and pain clinics
is higher (67-75%). Pain characteristics (pain duration,
severity, intensity, disability levels and the presence of =2
pain conditions or multisite pain) and psychological fac-
tors were associated with a higher use of pain medication,
and mixed evidence was found for higher age and female
gender. Future studies should collect information on the
type, duration of use of pain medication and side effects to
confirm the findings of this review.

Acknowledgments: The authors would like to acknowl-
edge the research librarians at Aalborg University Library
Jette Thise Pedersen and Gitte Thomsen for their contri-
bution in developing the search strategy and performing
the comprehensive search for the systematic review.
Research funding: Alessandro Andreucci has been funded
by the Research Unit for General Practice in Aalborg. The
funders had no role in study design, decision to publish, or
preparation of the manuscript.

Author contribution: Nabil Al-Janabi and Dr. Andreucci
provided a substantial contribution in developing the search
strategy for the systematic review, screening the articles,
extracting information from the articles, assessing the quality
of the articles, summarising the information reported in the
articles and writing the manuscript. Christian Lund Straszek
and Clara Guldhammer provided a substantial contribution
in screening the articles, extracting information from the
articles, assessing the quality of the articles, summarising the
information reported in the articles and writing the
manuscript. Prof. Anne Estrup Olesen and Prof. Michael
Skovdal Rathleff provided a substantial contribution in
developing the search strategy for the systematic review
and writing the manuscript.

Competing interest: the authors declare no conflict of interest.

References

1. King S, Chambers CT, Huguet A, MacNevin RC, McGrath PJ, Parker L,
et al. The epidemiology of chronic pain in children and adolescents
revisited: a systematic review. Pain 2011;152:2729-38.

10.

11.

12.

13.

14.

15.

16.

17.

18.

DE GRUYTER

. Rathleff MS, Holden S, Straszek CL, Olesen JL, Jensen MB, Roos

EM. 5-year prognosis and impact of adolescent knee pain: a
prospective population-based cohort study in 504 adolescents.
BM] Open 2019;9:e024113.

. Dunn KM, Jordan KP, Mancl L, Drangsholt MT, Le Resche L.

Trajectories of pain in adolescents: a prospective cohort study.
Pain 2011;152:66-73.

. Kastelein M, Luijsterburg PAJ, Heintjes EM, Van Middelkoop M,

Verhaar JAN, Koes BW, et al. The 6-year trajectory of non-
traumatic knee symptoms (including patellofemoral pain) in
adolescents and young adults in general practice: a study of
clinical predictors. Br ) Sports Med 2015;49:400-5.

. Hestbaek L, Leboeuf-Yde C, Kyvik KO, Manniche C. The course of

low back pain from adolescence to adulthood: eight-year follow-
up of 9600 twins. Spine 2006;31:468-72.

. Hanvold TN, Veiersted KB, Waersted M. A prospective study of neck,

shoulder, and upper back pain among technical school students
entering working life. ] Adolesc Health 2010;46:488-94.

. Mokdad AH, Forouzanfar MH, Daoud F, Mokdad AA, El Bcheraoui

C, Moradi-Lakeh M, et al. Global burden of diseases, injuries, and
risk factors for young people’s health during 1990-2013: a
systematic analysis for the Global Burden of Disease Study 2013.
Lancet 2016;387:2383-401.

. Rathleff MS, Rathleff CR, Olesen JL, Rasmussen S, Roos EM. Is

knee pain during adolescence a self-limiting condition? Am )
Sports Med 2015;44:1165-71.

. Myrtveit SM, Sivertsen B, Skogen JC, Frostholm L, Stormark

KM, Hysing M. Adolescent neck and shoulder pain - the
association with depression, physical activity, screen-based
activities, and use of health care services. ] Adolesc Health
2014;55:366-72.

Haraldstad K, Sgrum R, Eide H, Natvig GK, Helseth S. Pain in children
and adolescents: prevalence, impact on daily life, and parents’
perception, a school survey. Scand ] Caring Sci 2011;25:27-36.
Andreucci A, Campbell P, Richardson E, Chen Y, Dunn KM. Sleep
problems and psychological symptoms as predictors of
musculoskeletal conditions in children and adolescents. Eur |
Pain 2020;24:354-63.

Tan A, Strauss VY, Protheroe J, Dunn KM. Epidemiology of
paediatric presentations with musculoskeletal problems in
primary care. BMC Muscoskel Disord 2018;19:1-6.
Bhayankaram NP, Lacey RJ, Barnett LA, Jordan KP, Dunn KM.
Musculoskeletal consultations from childhood to adulthood : a
longitudinal study. ] Public Health 2020;42:e428-34.

Henschke N, Harrison C, McKay D, Broderick C, Latimer J, Britt H,
et al. Musculoskeletal conditions in children and adolescents
managed in Australian primary care. BMC Muscoskel Disord
2014;15:164.

De Inocencio J. Epidemiology of musculoskeletal pain in primary
care. Arch Dis Child 2004;89:431-4.

de Inocencio J. Musculoskeletal pain in primary pediatric care:
analysis of 1000 consecutive general pediatric clinic visits.
Pediatrics 1998;102:E63.

Caes L, Fisher E, Clinch J, Eccleston C. Current evidence-based
interdisciplinary treatment options for pediatric musculoskeletal
pain. Curr Treat Options Rheumatol 2018;4:223-34.

Eccleston C, Fisher E, Cooper TE, Grégoire M-C, Heathcote LC,
Krane E, et al. Pharmacological interventions for chronic pain in
children: an overview of systematic reviews. Pain 2019;160:
1698-707.



DE GRUYTER

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31
32.

33.

34.

35.

Cooper TE, Fisher E, Anderson B, Wilkinson NMR, Williams DG,
Eccleston C. Paracetamol (acetaminophen) for chronic non-
cancer painin children and adolescents. Cochrane Database Syst
Rev 2017;8. https://doi.org/10.1002/14651858.CD012539.pub2.
Eccleston C, Te C, Fisher E, Anderson B, Nmr W. Non-steroidal
anti-inflammatory drugs (NSAIDs) for chronic non-cancer pain in
children and adolescents. Cochrane Database Syst Rev 2017;8.
https://doi.org/10.1002/14651858.CD012537.pub2.

Cooper TE, Fisher E, Gray AL, Krane E, Sethna N, van Tilburh M,
et al. Opioids for chronic non-cancer pain in children and
adolescents. Cochrane Database Syst Rev 2017;7. https://doi.
0rg/10.1002/14651858.CD012538.pub?2.

Shehnaz Sl, Agarwal AK, Khan N. A systematic review of self-
medication practices among adolescents. ] Adolesc Health 2014;
55:467-83.

H@meen-Anttila K, Bush PJ. Healthy children’s perceptions of
medicines: a review. Res Soc Adm Pharm 2008;4:98-114.
Bertoldi AD, Camargo AL, Silveira MPT, Menezes AMB, Assunc¢ao
MCF, Gongalves H, et al. Self-medication among adolescents
aged 18 years: the 1993 Pelotas (Brazil) birth cohort study. |
Adolesc Health 2014;55:175-81.

Darmanin Ellul R, Cordina M, Buhagiar A, Fenech A, Mifsud J.
Knowledge and sources of information about medicines among
adolescents in Malta. Pharm Pract 2008;6:178-86.

Wilson KM, Singh P, Blumkin AK, Dallas L, Klein JD. Knowledge
gaps and misconceptions about over-the-counter analgesics
among adolescents attending a hospital-based clinic. Acad
Pediatr 2010;10:228-32.

Stoelben S, Krappweis J, Rossler G, Kirch W. Adolescents’ drug
use and drug knowledge. Eur ) Pediatr 2000;159:608-14.
Andersen A, Holstein BE, Due P, Hansen EH. Medicine use for
headachein adolescence predicts medicine use for headache in
young adulthood. Pharmacoepidemiol Drug Saf 2009;18:
619-23.

Andreucci A, Al-Janabi N, Olesen AE, Straszek C, Vad CG,
Rathleff MS. Study protocol - the prevalence and factors
associated with the use of pain medications for musculoskeletal
pain among children and adolescents: protocol for a systematic
review. Open Sci Framew 2020. https://osf.io/7ab5n/.
Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M,
et al. Preferred reporting items for systematic review and meta-
analysis protocols (prisma-p) 2015: elaboration and explanation.
BM) 2015;349:1-25.

Dieppe P. Chronic musculoskeletal pain. BM) 2013;346:f3146.
IASP IA for the S of P. Musculoskeletal pain fact sheet n.d.
Available from: https://s3.amazonaws.com/rdcms-iasp/files/
production/public/Content/ContentFolders/
GlobalYearAgainstPain2/MusculoskeletalPainFactSheets/
AcutePain_Final.pdf [Accessed 20 Feb 2020].

Treede RD, Rief W, Barke A, Aziz Q, Bennett MI, Benoliel R, et al.
Chronic pain as a symptom or a disease: the IASP classification of
chronic pain for the international classification of diseases
(ICD-12). Pain 2019;160:19-27.

World Health Organization. WHO - definition of key terms 2013.
Available from: www.who.int/hiv/pub/guidelines/arv2013/
intro/keyterms/en/ [Accessed 3 Sep 2018].

Michaleff ZA, Kamper SJ, Stinson JN, Hestbaek L, Williams CM,
Campbell P, et al. Measuring musculoskeletal pain in infants,
children, and adolescents. ] Orthop Sports Phys Ther 2017;47:
712-30.

36.

37.

38.

39.

40.

41.

42,

43,

44,

45.

46.

47.

48.

49.

50.

51.

52.

Al-Janabi et al.: Pain medication use for musculoskeletal pain =—— 669

Stanford EA, Chambers CT, Craig KD. A normative analysis of the
development of pain-related vocabulary in children. Pain 2005;
114:278-84.

Genaidy AM, LeMasters GK, Lockey ], Succop P, Deddens J,
Sobeih T, et al. An epidemiological appraisal instrument - a tool
for evaluation of epidemiological studies. Ergonomics 2007;50:
920-60.

Azad TD, Harries MD, Veeravagu A, Ratliff JK. Opioid prescribing
patterns for low back pain among commercially insured children.
Spine 2020;45:E1365-6.

Beales DJ, Smith AJ, O’Sullivan PB, Straker LM. Low back pain and
comorbidity clusters at 17 years of age: a cross-sectional
examination of health-related quality of life and specific low back
pain impacts. ) Adolesc Health 2012;50:509-16.

Chung CP, Callahan ST, Cooper WO, Dupont WD, Murray KT,
Franklin AD, et al. Individual short-acting opioids and the risk of
opioid-related adverse events in adolescents.
Pharmacoepidemiol Drug Saf 2019;28:1448-56.

Garmy P, Hansson E, Vilhjalmsson R, Kristjansdéttir G. Bullying,
pain and analgesic use in school-age children. Acta Paediatr Int )
Paediatr 2019;108:1896-900.

Guite JW, Sherry DD, Jarvis EW, O Lewen M, Khan S,

Wickham Kraemer F. Medication use among pediatric patients
with chronic musculoskeletal pain syndromes at initial pain clinic
evaluation. Pain Manag 2018;8:15-25.

Hibberd EE, Myers B. Practice habits and attitudes and behaviors
concerning shoulder pain in high school competitive club
swimmers. Clin ) Sport Med 2013;23:450-5.

Huguet A, Mir6 J. The severity of chronic pediatric pain: an
epidemiological study. J Pain 2008;9:226-36.

lacovelli C, Germanotta M, Coraci D, Mosca R, Vincenzi MT,
Gilardi A, et al. Back pain in adolescents: characteristics, quality
of life, and drug self-management: a cross-sectional study of
1301 Italian students. Pediatr Emerg Care 2019;Aug 5. https://
doi.org/10.1097/PEC.0000000000001876. 31389902.
Karjalainen U, Paananen M, Okuloff A, Taimela S, Auvinen }J,
Mannikko M, et al. Role of environmental factors and history of
low back pain in sciatica symptoms among Finnish adolescents.
Spine 2013;38:1105-11.

Kaspiris A, Grivas TB, Zafiropoulou C, Vasiliadis E, Tsadira O.
Nonspecific low back pain during childhood: a retrospective
epidemiological study of risk factors. ) Clin Rheumatol 2010;16:
55-60.

Kaspiris A, Zafiropoulou C. Growing pains in children:
epidemiological analysis in a Mediterranean population. Jt Bone
Spine 2009;76:486-90.

Keeratisiroj O, Siritaratiwat W. Prevalence of self-reported
musculoskeletal pain symptoms among school-age adolescents:
age and sex differences. Scand ) Pain 2018;18:273-80.

Perquin CW, Hazebroek-Kampschreur AA, Hunfeld JA,

van Suijlekom-Smit LW, Passchier ], van der Wouden JC. Chronic
pain among children and adolescents: physician consultation
and medication use. Clin J Pain 2000;16:229-35.

Richardson LP, Fan MY, McCarty CA, Katon W, Edlund M, DeVries
A, et al. Trends in the prescription of opioids for adolescents with
non-cancer pain. Gen Hosp Psychiatr 2011;33:423-8.

Rossi M, Pasanen K, Kokko S, Alanko L, Heinonen 0},
Korpelainen R, et al. Low back and neck and shoulder pain in
members and non-members of adolescents’ sports clubs: the
Finnish Health Promoting Sports Club (FHPSC) study. BMC


https://doi.org/10.1002/14651858.CD012539.pub2
https://doi.org/10.1002/14651858.CD012537.pub2
https://doi.org/10.1002/14651858.CD012538.pub2
https://doi.org/10.1002/14651858.CD012538.pub2
https://osf.io/7ab5n/
https://s3.amazonaws.com/rdcms-iasp/files/production/public/Content/ContentFolders/GlobalYearAgainstPain2/MusculoskeletalPainFactSheets/AcutePain_Final.pdf
https://s3.amazonaws.com/rdcms-iasp/files/production/public/Content/ContentFolders/GlobalYearAgainstPain2/MusculoskeletalPainFactSheets/AcutePain_Final.pdf
https://s3.amazonaws.com/rdcms-iasp/files/production/public/Content/ContentFolders/GlobalYearAgainstPain2/MusculoskeletalPainFactSheets/AcutePain_Final.pdf
https://s3.amazonaws.com/rdcms-iasp/files/production/public/Content/ContentFolders/GlobalYearAgainstPain2/MusculoskeletalPainFactSheets/AcutePain_Final.pdf
http://www.who.int/hiv/pub/guidelines/arv2013/intro/keyterms/en/
http://www.who.int/hiv/pub/guidelines/arv2013/intro/keyterms/en/
https://doi.org/10.1097/PEC.0000000000001876
https://doi.org/10.1097/PEC.0000000000001876

670 —— Al-Janabi et al.: Pain medication use for musculoskeletal pain

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Muscoskel Disord 2016;17. https://doi.org/10.1186/s12891-016-
1114-8.

Roth-Isigkeit A, Thyen U, Stoven H, Schwarzenberger J,
Schmucker P. Pain among children and adolescents: restrictions
in daily living and triggering factors. Pediatrics 2005;115:€152-62.
Skaggs DL, Early SD, D’Ambra P, Tolo VT, Kay RM. Back pain and
backpacks in school children. ] Pediatr Orthop 2006;26:358-63.
Skarstein S, Rosvold EO, Helseth S, Kvarme LG, Holager T,
Smastuen MC, et al. High-frequency use of over-the-counter
analgesics among adolescents: reflections of an emerging
difficult life, a cross-sectional study. Scand ] Caring Sci 2014;28:
49-56.

Stahl M, Mikkelsson M, Kautiainen H, Hakkinen A, Ylinen J,
Salminen ). Neck pain in adolescence. A 4-year follow-up of pain-
free preadolescents. Pain 2004;110:427-31.

Tian F, Guittar P, Moore-Clingenpeel M, Higgins G, Ardoin SP,
Spencer CH, et al. Healthcare use patterns and economic burden
of chronic musculoskeletal pain in children before diagnosis. )
Pediatr 2018;197:172-6.

Gualano MR, BertF, Passi S, Stillo M, Galis V, Manzoli L, et al. Use
of self-medication among adolescents: a systematic review and
meta-analysis. Eur ] Publ Health 2015;25:444-50.

Jensen JF, Gottschau M, Siersma VD, Graungaard AH, Holstein BE,
Knudsen LE. Association of maternal self-medication and over-
the-counter analgesics for children. Pediatrics 2014;133. https://
doi.org/10.1542/peds.2013-1107.

Westerlund M, Branstad JO, Westerlund T. Medicine-taking
behaviour and drug-related problems in adolescents of a
Swedish high school. Pharm World Sci 2008;30:243-50.
Chambers CT, Reid G), McGrath PJ, Finley GA. Self-administration
of over-the-counter medication for pain among adolescents. Arch
Pediatr Adolesc Med 1997;151:449-55.

Skarstein S, Lagerlgv P, Kvarme LG, Helseth S. Pain and
development of identity in adolescents who frequently use over-
the-counter analgesics: a qualitative study. J Clin Nurs 2018;27:
3583-91.

Wastesson JW, Martikainen JE, Zoéga H, Schmidt M, Karlstad @,
Pottegard A. Trends in use of paracetamol in the nordic countries.
Basic Clin Pharmacol Toxicol 2018;123:301-7.

Harle CA, Danielson EC, Derman W, Stuart M, Dvorak J, Smith L,
et al. Analgesic management of pain in elite athletes: a
systematic review. Clin ) Sport Med 2018;28:417-26.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

DE GRUYTER

. Volkow ND, Thomas McLellan A. Opioid abuse in chronic pain-

misconceptions and mitigation strategies. N Engl ] Med 2016;
374:1253-63.

Hadland SE. How clinicians caring for youth can address the
opioid-related overdose crisis. ] Adolesc Health 2019;65:177-80.
Alho H, Dematteis M, Lembo D, Maremmani |, Roncero C, Somaini
L. Opioid-related deaths in Europe: strategies for a
comprehensive approach to address a major public health
concern. Int ) Drug Pol 2020;76:102616.

Sharma B, Bruner A, Barnett G, Fishman M. Opioid use disorders.
Child Adolesc Psychiatr Clin N Am 2016;25:473-87.

Volkow ND, Frieden TR, Hyde PS, Cha SS. Medication-Assisted
therapies — tackling the opioid- overdose epidemic. N Engl ] Med
2014;370:2063-6.

Levy S, Ryan SA, Gonzalez PK, Patrick SW, Quigley J, Siqueira L,
et al. Medication-assisted treatment of adolescents with opioid
use disorders. Pediatrics 2016;138. https://doi.org/10.1542/
peds.2016-1893.

Jimenez N, Garroutte EM, Jundu A, Morales L, Buchwald D. A
review of the experience, epidemiology, and management of pain
among American Indian, Alaska Native, and Aboriginal Canadian
peoples. | Pain 2012;12:511-22.

McBeth ], Jones K. Epidemiology of chronic musculoskeletal pain.
Best Pract Res Rheumatol 2007;21:403-25.

Groenewald CB, Rabbitts JA, Hansen EE, Palermo TM. Racial
differences in opioid prescribing for children in the United States.
Pain 2018;159:2050-7.

Delgado-Rodriguez M, Llorca ). Bias. ] Epidemiol Community
2004;58:635-41.

McCrae JC, Morrison EE, MacIntyre IM, Dear JW, Webb D). Long-
term adverse effects of paracetamol — a review. BrJ Clin
Pharmacol 2018;84:2218-30.

Holstein BE. Association between adolescent and parental use of
analgesics. Scand ) Pain 2017;16:138-9.

Hasseleid SN, Clench-Aas J, Raanaas RK, Lundqyvist C. The
association between adolescent and parental use of non-
prescription analgesics for headache and other somatic pain — a
cross-sectional study. Scand ) Pain 2017;16:114-21.

Supplementary Material: The online version of this article offers
supplementary material (https://doi.org/10.1515/sjpain-2021-0033).


https://doi.org/10.1186/s12891-016-1114-8
https://doi.org/10.1186/s12891-016-1114-8
https://doi.org/10.1542/peds.2013-1107
https://doi.org/10.1542/peds.2013-1107
https://doi.org/10.1542/peds.2016-1893
https://doi.org/10.1542/peds.2016-1893
https://doi.org/10.1515/sjpain-2021-0033

	Pain medication use for musculoskeletal pain among children and adolescents: a systematic review
	Introduction
	Methods
	Literature selection
	Eligibility criteria
	Selection process
	Data extraction
	Quality assessment
	Data synthesis

	Results
	Study selection process
	Quality and characteristics of the studies
	Prevalence of the use of pain medication
	Factors associated with the use of pain medication
	Side effects
	Duration of the use of pain medication

	Discussion
	Summary
	Comparison with previous studies and interpretation of results
	Strengths and limitations of this study
	Implication for future research

	Conclusions
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


