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Summary

Low back pain (LBP) is a ‘pain, ache or discomfort in the low back with or without referral
to the buttocks or legs.’ It is known that LBP affects people of all ages. Adolescents (aged
10 to 19 years old) experience LBP regularly, although less is known about LBP in this age
group. For adolescents participating in sport, LBP can disrupt the development of lifelong
healthy physical activity habits in adolescence. Additionally, since a previous episode of
LBP is a risk factor for future LBP, the development of LBP in adolescence can increase
LBP risk later in life. The aim of this thesis was to explore and characterise LBP in
adolescent athletes to inform future development of evidence-based management strategies
for LBP in this population. The work in this thesis explored the epidemiology, lived
experiences, and current clinician management and beliefs about LBP in adolescent

athletes.

Study | investigated the prevalence, incidence, risk factors, and common morphologies of
LBP in adolescent athletes. It found that LBP was common in adolescent athletes, with a
12-month incidence estimate of 36.0% (95% CI 4-68, 1°=99.3%), and a 12-month
prevalence estimate of 42% (95% CI 29-55, 12=96.6%). Risk factors for LBP included
sport participation, sport volume/intensity, concurrent lower extremity pain,
overweight/high BMI, older adolescent age, female sex, and family history of LBP.
Spondylolysis was the most commonly reported morphology in this population. Incidence
and prevalence varied widely due to differences in methodological quality and LBP

definition.

Study Il explored current management of LBP diagnoses in adolescent athletes. Findings
showed that non-specific LBP was the largest diagnostic group in adolescent athletes,
followed by spondylolysis or spondylolisthesis. There were some associations between
female sex and facet-based or Sl-joint pain compared to spondylolysis or spondylolisthesis.



Commonly used management techniques in this cohort were diagnostic MRI, physical
therapy, relative rest, and bracing. There was a high rate of imaging use although there is

no consensus on imaging for spondylolysis in adolescent athletes.

Study 111 summarised the lived experiences of adolescent athletes with LBP. The main
themes were: 1) The culture of normalising LBP in sport negates safeguarding efforts

aimed at protecting adolescent athletes against injury and pain, 2) LBP changes how

athletes are perceived and perceive themselves, and 3) Low back pain has broad effects on

the well-being of adolescent athletes. Overall, the lived experience of LBP for adolescent
athletes showed that the normalisation of LBP in adolescent sport can create safeguarding

risks for adolescent athletes, particularly in terms of competing with pain.

Study IV examined clinician management techniques and LBP beliefs. While clinician
management largely followed existing guidance on LBP management, it is important to
note that there are no management guidelines or clinical pathways specific to adolescent
athletes. Although LBP beliefs were largely helpful in this cohort, there were still some

beliefs that were not supported by evidence held by clinicians in this participant group.

Collectively, these studies aimed to explore and characterise LBP in adolescent athletes.
The results of this thesis will contribute to the evidence based about LBP in adolescent
athletes and may be a starting point for future research in this area to ensure optimal
management of this condition. Future research in this area should focus on the
development of a LBP definition and management guidelines specific to adolescent
athletes, investigation into optimal methods of spondylolysis diagnosis and management,
educational programmes about pain for coaches and athletes, and ongoing clinician

education about LBP beliefs.
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Chapter 1: Introduction

1.1 Overview
Adolescence is defined by the World Health Organization (WHO) as ‘the phase of life

between childhood and adulthood, from ages 10 to 19°%. It is a time when many changes are
occurring, including physical (increased rate of growth and maturation, musculoskeletal
considerations such as epiphyseal growth plates, and differences in coordination/skills),
cognitive (a developing sense of risk and emotional regulation), and social changes

(increased influence of peer interactions).

Because of these features unique to adolescence, adolescents must be considered separately
from adults for a variety of musculoskeletal conditions, including low back pain (LBP).
For adolescents participating in sport, sport presents a unique duality in which sport
participation can both decrease risk in some areas (ex: cardiovascular disease) and increase
risk in others (ex: sports injury)2. This thesis focuses on LBP in adolescent athletes
specifically. This chapter will provide background on the importance of investigating LBP
in adolescent athletes and demonstrate the value of this thesis characterising LBP in
adolescent athletes. It will discuss the benefits and risks of physical activity, considerations
specific to adolescents in sport injury, types of injury and pain in adolescents, LBP and

injury in adolescents, LBP in adult athletes, and LBP in adolescent athletes.



1.2 Physical activity and sport in adolescents

1.2.1 Benefits of physical activity for adolescents

Physical activity in adolescence is important for developing improved health outcomes, such
as cardiorespiratory and muscular fitness, bone health, weight status, and cognitive
development®. In addition to physical health outcomes, physical activity during adolescence
can aid cognitive development® and mental health®®. It is important to maintain physical
activity throughout the lifespan, but habits developed in adolescence can affect physical
activity and related health outcomes later in life®. Physical activity in adolescence has been
found to contribute to levels of physical activity in adulthood’. Improved health outcomes
due to physical activity in adolescence also transfer into adulthood, both physical® and

mental®.

Health Benefits of Physical L

Academic

Performance ii!)) Brain Health
Improves attention Y ﬁb Reduces risk of depression
and memory Y
‘ Heart and
Muscular ’ - %" Lung Health
Fitness > Improves blood pressure
Bullds strong muscles and aerobic fitness
and endurance
s Long-term
Cardiometabolic Health

Reduces risk of several
Heaith o chronlc diseases, Including
type 2 dlabetes and obeslty

_~. Healthy Weight
% Helps regulate body weight

Helps malntain normal
blood sugar levels

" and reduce body fat

Bone Strength
sStrengthens bones

Figure 1-1: Benefits of physical activity.
Source: https://www.cdc.gov/physicalactivity/basics/adults/health-benefits-of-physical-activity-for-
children.html



1.2.2 Sport in adolescence

One type of physical activity which adolescents can engage in is organised sport. The
number of children and adolescents participating in sport appears to be increasing, propelled
in part by public health initiatives that encourage youth sport participation®22, It is estimated
that, in the United States alone, 60 million children (ages 6-18) play an organised sport®3.
Adolescents participating in sport can benefit from improved bone health, increased aerobic
capacity®*, and muscular fitness. There is also evidence that participation in sport, especially
team sport, provides psychosocial®® and mental health*® benefits beyond those conferred by
participation in physical activity. In a cross-sectional study of Irish adolescents, those who
participated in sport had higher levels of well-being, and lower levels of reported anxiety
and depression, with additional benefit in those participating in team sport®. Similarly, a
cross-sectional survey in Norway found that adolescents who participated in team sport had
higher reported self-esteem and life satisfaction®. Participation in sport during childhood and

adolescence has also been linked to greater fitness in adulthood®®!’,

1.2.3 Barriers to physical activity and sport in adolescence

The physical activity recommendation for adolescents is 60 minutes of moderate to vigorous
physical activity per day*®'°. Research shows, however, that many adolescents do not meet

this guideline®. Further, girls were overall less active than boys®.

Despite its many benefits and the higher rate of children and adolescents now engaging in
sport, there is still a high rate of drop out in adolescent sports-35% of children and
adolescents annually drop out of sport in the United States?. Participation in sport appears
to peak around age 11-13 years and then decline®. In an Irish cross-sectional study of
adolescents, the frequency of activity declined with age®. In a Norwegian cross-sectional
study, fewer senior high school students participated in sport than junior high school

students®. Research has shown that girls drop out of sport twice as often as boys by the age



of 1421, There are many factors contributing to this, including physical?® and psychosocial
barriers?® 22 to sport participation. Examples of psychosocial factors associated with sport
dropout are lack of enjoyment or decreased perceptions of competence?® 22, Another physical

factor which can contribute to adolescent sport dropout is injury? or fear of reinjury.



1.3 Sport injury-specific differences between adults and adolescents
There are several factors specific to adolescents which may impact the rate of pain and

injury experienced by adolescents. Young athletes may have increased susceptibility to
injury for a variety of reasons, including high physical stress during growth, cognitive

considerations, and the possibility of poor coaching®.

In the United States alone, there are an estimated 60 million young athletes between the
ages of 6 and 18 years old who participate in organised sport?. It appears that the rate of
sport participation is highest in childhood/adolescence compared to other life stages®.
Although this is generally thought to be positive due to the beneficial effects of physical
activity for young people, participation in sport also carries considerable risk of injury. In
the European Union, the annual incidence of hospital-treated sports injuries in those under
age 15 is 1.3 million?*. Young people are the group with the highest rate of sports injury
burden?®. Further, there may be a higher prevalence of injuries in organized sport
compared to other forms of physical activity?®.

1.3.1 Biological considerations in adolescents

1.3.1.1 Immature skeleton
The adolescent skeleton has several features that are unique compared to adults. During the

adolescent stage of life, the skeleton is immature. Because of musculoskeletal
considerations specific to adolescents such as epiphyseal growth zones on growing bones,
the same mechanical force can result in different injuries for adults and adolescents. For
example, adolescents are at a higher risk of overuse injuries than adults®’. Other common
injuries in those that are actively growing include physeal plate injuries, apophyseal
injuries (including Sever’s disease and Osgood Schlatter disease), and stress fractures.
During adolescent growth, structures such as physes, apophyses, and articular surfaces are
less able to withstand stress because there is less collagen and calcified tissue than in

mature bone?®-%, This susceptibility to injury appears to increase during growth®. Further,



bone and muscle growth occur at different rates, which can cause a difference between

rates of growth or flexibility and strength®!.

1.3.1.2 The adolescent growth spurt
In adolescents, growth refers to ‘changes in body size, shape, and/or composition’?°. Many

adolescents undergo a growth spurt, which is a ‘fast and intense increase in the rate of
growth in height and weight’32, The onset and length of the adolescent growth spurt varies
person by person. Generally, the adolescent growth spurt begins earlier for girls than for
boys. The average age of onset is 11-12 years for boys and 9-10 years for girls®2. For boys,
the adolescent growth spurt is generally longer than for girls, and there is a higher peak
growth rate®.

The growth spurt can be a period during which an adolescent is at increased risk of injury?®
3, The timing of an adolescent’s growth spurt is important for those participating in sport.

It may coincide with a significant increase in workload or significant sporting events?.

1.3.1.3 Maturation
Maturation can be defined as ‘the act of progression from conception towards the

adult/mature state’?® 34, There are several ways that maturation state can be identified,
including skeletal age, secondary sex characteristics, and peak height velocity. There is

some evidence that maturation can be estimated by youth sports coaches®.

Generally, girls mature at an earlier age than boys. Maturation status does not correlate
directly with chronological age, meaning that some adolescent athletes competing in the
same age category may be at different rates of maturation®. Differences in maturation
status in adolescents of the same age can potentially lead to unbalanced competition. Those
that have matured earlier are more likely to have size, strength, and power advantages®’ 6.

Later maturing adolescents can also have deficits in muscle strength and coordination®.

The interaction between maturation status and training load could also lead to increased or

decreased injury risk in adolescents®’, although evidence in this area is conflicting. For



instance, a late-maturing athlete may experience temporary decreases in skill at a more
important time in their athletic career than an earlier-maturing athlete of the same
chronological age. This may involve an increase in workload accompanied by a reduction
in skill, leading to increased injury risk?. In a study of male track and field athletes, late-
maturing athletes experienced more lower limb injuries than those that matured earlier®.
Conversely, a recent study of adolescent male football players demonstrated that earlier-
maturing athletes were at greater risk of injury®. In another study of adolescent male
footballers, early maturing athletes experienced more injuries, but when confounding
variables such as playing time were controlled, there was no longer a significant difference
in injury rate®. The relationship between maturation status and injury requires further

research.

Another feature of adolescent maturation is the onset of menarche for biologically female
adolescents. Menarche typically occurs between 10 to 16 years of age, at an average age of
12.4 years old*. The onset of menarche and the effect of the menstrual cycle on sport
performance and injury is an emerging area of research and should be considered as a

factor which can impact the sport performance of adolescents who menstruate®,

1.3.1.4 Differences in coordination/skills
Another consideration specific to adolescent sport is potentially underdeveloped

coordination or motor skills. Complex motor skill acquisition is not completed until ages

10-12, which is at the beginning of the adolescent age range®.

During growth, there can also be temporary reductions in coordination abilities*®. This has
been documented in several sports and is sometimes referred to as ‘adolescent
awkwardness’#*. In gymnastics, there can be changes in postural control during growth,
affecting gymnastic performance®. Similarly, in adolescent soccer, postural control is
affected by maturation state*®. There were decreases in balance as athletes underwent

maturation®.



1.3.2 Psychosocial considerations in adolescents

There are also important psychosocial considerations that may contribute to sports injury
risk in adolescence. Adolescents may have an under-developed sense of their own ability,
and tend to overestimate their own ability in sport skills?®. This overestimation of one’s
own ability is associated with sports injury?. During adolescence, athletes may also have a
still-developing sense of risk. There may be less consideration for the future impact of
sport participation and sport injury during adolescence, as they may not yet be able to
estimate the long term impact®®. Emotional regulation and identity are also developed
during adolescence. For adolescents participating in sport often, an ‘athletic identity’ can
be developed?®. This refers to the degree that an athlete identifies with the athlete role*’.
This can also increase risk of injury, as an individual with a strong sense of athletic identity

may be more likely to overtrain, as well as to compete with pain or injury*4°,

Athletes who have been injured can report feelings of social isolation, fear of re-injury and
loss of motivation if they are not able to participate in sport®. Further, lower self-esteem
has been demonstrated in some injured athletes in research in runners and football players,

although this has not been consistent across all sports investigated®°.

1.3.3 Sports injury in adolescence

1.3.3.1 Common sports injuries in adolescents

Table 1-1 provides an overview of several injuries that adolescent athletes may be
particularly susceptible to, along with factors specific to adolescents that may contribute to
this susceptibility. Injuries common to those actively growing include physeal plate

injuries, apophyseal injuries and stress fractures?®,



Type of injury Example Brief explanation

Apophyseal injury Sever’s disease, Osgood- | Inflammation at a
Schlatter disease tendon insertion site.
Sever’s disease
occurs at the
calcaneus, Osgood-
Schlatter at the tibial

tuberosity.>

Stress fracture Spondylolysis Stress fracture at the
pars interarticularis.
Could be due to
repetitive forces

through an immature

spine?.
Physeal plate injury Salter Harris type |1 Fracture through a
fracture growth plate.

Table 1-1: Common sports injuries in adolescence.

Common to all these injuries is the presence of pain. The next section outlines unique

factors in addressing pain in adolescents specifically.



1.4 Understanding pain in adolescents

The International Association for the Study of Pain (IASP) defines pain as: ‘An unpleasant
sensory and emotional experience associated with, or resembling that associated with,
actual or potential tissue damage,’?, noting that pain is a ‘personal experience...influenced
to varying degrees by biological, psychological, and social factors’®. Pain is a common
symptom experienced by adolescents, although it can be under-recognised and under-
treated in this population®s. It is estimated that up to 20-30% of children and adolescents
experience chronic pain worldwide®. The most common types of pain experienced by

children and adolescents include abdominal pain, migraine, and musculoskeletal pain®.

Four Decades Later: Revision of the IASP Definition of Pain and Notes

The currently accepted definition of pain was originally adopted
in 1979 by the International Association for the Study of Pain (IASP)
020 Revised Definition of Pain

1979 Definition of Pain An unpleasant sensory
An unpleasant sensory and emotional experience

and emotional experience associated with, or.4
associated with actual or resembling that associated

Do liaeous Camage. with, actual or potential
or described in terms of .
tissue damage

such damage

2020 Revised Definition of Pain Notes
L L}

Pain s always a personal experience
that is influenced to varyi A person's report of an experience
degrees by biological, psychological, as pain should be respected

and social factors

Although pain usually serves an
adaptive role, it may have adverse
effects on function and social and
psychological well-being

Pain and nociception are different
phenomena. Pain cannot be inferred
solely from activity in sensory neurons

Verbal description is only one of several
Through their life experiences, behaviors to express pain; inability to
individuals learn the concept of pain communicate does not negate the
possibility that a human or a nonhuman
animal experiences pain

: A B (
The revised IASP definition of pain: pts, ck and p i N
Raja et al. (2020) | Pain PAIN
DOI: 10.1097/j.pain.0000000000001939

Figure 1-2: IASP definition.
Source: https://painmanagementcollaboratory.org/the-iasp-revised-definition-of-pain/

1.4.1 Differences between adult and adolescent pain

There are several unique factors which influence adolescent pain compared to adult pain.
The presence of parent/guardians or relatives at a medical appointment can contribute to the
paediatric experience by increasing the child’s pain or distress®. Self-report is the gold
standard for pain evaluation in children®®, however, adults are often consulted about their

child’s pain®’. Research has shown that parents’ perception of their child’s pain differs from

10



the child’s, with the adult often underestimating the pain of their child °® *°. This approach
can disregard the individualised nature of a child’s pain, and it is best to consider a child-

centred approach to pain management®°.

Pain is often under-treated in children due to misconceptions around paediatric pain®. One
such example is the misconception that children do not feel pain as much as adults. Although
there is slower transmission of pain in children, the length of the pain pathway is shorter,
meaning that pain is felt the same in adults and children®. In fact, children can have a higher

sensitivity to pain due to a higher amount of neuromediators®.

1.4.2 Biopsychosocial factors unigue to children and adolescents

The biopsychosocial model of pain was first introduced in 1977, and considers biological,

psychological, and social factors which may impact an individual’s health®:.

The biopsychosocial physical health
model of health disability
Biological

genetic vulnerabilities

drug effects temperament;
1Q
Mental
self-esteem
Health

family Psychological

relationships.

family

. coping skills
circumstances ping

social skills

school

Figure 1-3: Biopsychosocial model of health.
Source: https://www.physio-pedia.com/File:Biopsychosocial-model-of-health.PNG

The biopsychosocial nature of pain is included in the IASP definition®2. This considers all
factors which may influence an individual’s experience of pain. For children and
adolescents specifically, there are some unique biopsychosocial factors to consider. During
adolescence, children undergo changes in all parts of their life, including hormonal
changes, emotional maturation, and new social environments®?. Other people, such as
parents/guardians or friends, may have a larger influence on adolescents. A parent or
guardian’s response to the child’s pain can affect the pain response of the child®. In

addition, the presence of a parent or guardian experiencing pain themselves can affect a
11



child’s reports of pain®®. Adolescents are also more easily influenced by relationships with

their peers and social acceptance than younger children®?.

1.4.3 Risks of pain in adolescence

Pain in adolescence can have broad effects on the adolescent and their family. Adolescents
with chronic pain have self-reported reduced social functioning®®, higher rates of
absenteeism from school, and decreased academic success®. There is also a high financial

cost®’, and increased parental leave from work®e,

Beyond immediate effects of the experience of pain during adolescence, it has been shown
to predict the occurrence of pain later in life®®. Adolescents with pain at multiple sites, for
instance LBP and headaches®, have been found to be at even higher risk of developing pain
in the future. One-third of adolescents have chronic pain®, and up to 70% of adolescents

with under-managed pain in adolescence go on to develop chronic pain in adulthood .

It is important to mitigate initial episodes of pain in adolescence to prevent negative effects
on social life, school, family, and future pain. One type of pain that affects this age group is

LBP.

12



1.5 Low Back Pain and Injury in Adolescence

1.5.1 Overview

LBP is defined as a ‘pain, ache or discomfort in the low back with or without referral
to the buttocks or legs’ ', with the low back area defined as ‘the posterior aspect of the body
from the lower margin of the twelfth ribs to the lower gluteal folds’ ’2. There are many
pathologies associated with LBP, including congenital conditions, injuries, and
degeneration; however, up to 90% of all LBP is non-specific, meaning there is no known
specific associated pathology . Back pain can affect people all of ages, and it is estimated

that as many as 50 to 80% of adults will experience LBP at least once in their lifetime ™,

Over recent years, there has been a noted increase in reported LBP in adolescents (aged
10-19 years) * . Some studies estimate lifetime prevalence of LBP to be as high as 70-80%
by the age of 20 . Other estimates have indicated that the twelve-month prevalence of LBP
in adolescents is between 33-57% " and point prevalence falls between 3.2%-35% '’
Since a previous episode of LBP is a risk factor for the development of future LBP, the onset
of LBP early in life puts adolescents at higher risk for continuing LBP later in life 8%, Thus,
an episode LBP in adolescence can have a notable impact on an individual throughout life.
This section will explore the outcome measures, risk factors, associated pathologies,

treatment methods, and impacts associated with LBP in adolescents.

1.5.2 Outcome measures

There are up to 36 LBP-specific outcome measures, but a scarcity of those specific
to adolescents 8282, Some of the most common outcome measures used to assess LBP include
the Roland Morris Disability Questionnaire (RMDQ) and the Oswestry LBP Disability
Questionnaire (ODI) #. According to the British Pain Society, the ODI is the “gold standard”
for LBP assessment 84 Although the RMDQ has good construct validity, internal
consistency, responsiveness, and reliability in assessing disability related to LBP, it is

inadequate to assess psychological or social problems 8. The ODI is more suited to explore
13



social problems, but is recommended in patients with more severe persistent LBP 8. Neither
questionnaire was developed specifically for adolescents. A modified version of the ODI has

been used to assess LBP in adolescent athletes previously &.

The Nordic Musculoskeletal Questionnaire (NMQ) is another questionnaire that has
been used to assess LBP in adolescents. It assesses prevalence of pain at nine body regions,
including the low back region. The NMQ has acceptable validity and is repeatable and
sensitive 8. Although not specifically designed for use in the adolescent age group, some
versions of the NMQ have been adapted for use in adolescents, such as the French version

87 The NMQ has also been used to assess LBP in adolescent research .

The Micheli Functional Scale (MFS) was designed to measure LBP in adolescent
athletes specifically. This is a five-item questionnaire which includes one question about
symptoms, three questions about activities of daily living (extension, flexion, and jumping),
and a Visual Analogue Scale (VAS). In a study of 93 adolescents, the MFS had acceptable

reliability and concurrent validity .

1.5.3 Risk and associated factors

Factors associated with LBP in adolescents that have been identified include female
sex, overweight and obesity, psychosocial factors, age, family history, and lifestyle factors.

The factors associated with LBP in adolescents are presented here.

1.5.3.1 Sex

Female sex is associated with an increased risk of LBP. This may evolve throughout
the adolescent age range. At age 14, chronic LBP is present in 11% of both sexes %°, but by
the age of 17 there are significant differences, with 26% of female adolescents and 13% of
male adolescents reporting chronic LBP 1. However, other research has found a higher LBP
prevalence in girls aged 11-14 compared to boys of the same age, demonstrating that this
association is present across the younger adolescent age range %2. Although it is unclear
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whether this relationship changes as adolescents age, there is consistent cross-sectional
evidence demonstrating associations between LBP and female sex. Internationally, data
from 28 countries indicates that LBP is more prevalent in girls %. When further examined in
school environments, there are significant associations between female sex and LBP in
adolescents %%, Although some research has found no difference in the rate of LBP by sex
95 96

, it is generally thought that there is an association between female sex and LBP in the

adolescent age group.

1.5.3.2 BMI

A high body mass index (BMI) or weight has also been identified as a risk factor for
adolescent LBP. In a study of medical records of 829,791 adolescents over 12 years, there
was a dose-response relationship between higher BMI and LBP in both boys and girls, with
underweight adolescents at lowest risk of LBP %’. Other research has found associations
between BMI and LBP only over a certain BMI. In 13 to 16 year old adolescents, a BMI
over 25 kg/m? has been associated with moderate to severe recurrent or continuous LBP %,
There have also been associations between BMI and LBP across a range of adolescent ages,
although there was a stronger association between BMI and LBP in younger adolescents (9
to 11 years old) than older adolescents (12 to 14 years old) *°. These findings demonstrate

that there may be a relationship between high BMI and LBP in adolescents.

1.5.3.3 Psychosocial factors

There is evidence that psychosocial factors play a role in the experience of LBP for
adolescents. In a population-based cohort study of adolescents aged 11-14 years old, those
that reported higher exposure to adverse psychosocial factors were more likely to develop
LBP at one-year follow up . In an interdisciplinary pain clinic setting, there were
associations between catastrophising and reported disability related to chronic LBP in
patients aged 8-18 191, There has been cross-sectional evidence that in in schoolchildren aged

12-16, self-reported depression, stress, and poorer mental health factors are associated with
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increased risk of LBP 192103 An adolescent’s perception of LBP may also affect their
experience of LBP. In a cross-sectional study of back pain beliefs in 17-year-olds, negative
LBP beliefs affected behaviour associated with LBP, including increased care seeking and
activity modification %, The research in this area demonstrates that there is a strong

association between adverse psychosocial factors and LBP in adolescents.

1.5.3.4 Age

Research has shown that the prevalence of LBP in adolescents increases with age.
International data from 28 countries indicates that six-month prevalence of LBP increases
from 27.4% at age 11 to 46.7% at age 15 ®8. Similarly, in a five-year longitudinal study,
lifetime prevalence between ages 11-15 rose from 11.6% to 50.4% %, and a Danish cross-
sectional study demonstrated an age-related increased in LBP of 13.2% from under 14 years
to over 15 years old %. In a six-year follow up study, point prevalence increased significantly
each year until the age of 13 %, and in a cross-sectional study, LBP point and lifetime
prevalence increased as year in school increased 1. LBP risk increases with age, starting as

young as in adolescence.

1.5.3.5 Family history of LBP

Adolescents with a family history of LBP appear to be at greater risk of developing
LBP. In a study of 7542 adolescents in school, those that reported a positive family history
of LBP had an associated increased risk of LBP °. Similarly, in a study of 1608 14-year-
olds examining the relationship between carer and adolescent LBP, adolescent experience
of LBP was associated with the carer’s experience of LBP *°. The risk of LBP increased in
adolescents when their carer had LBP and increased further if two carers experienced LBP
(odds ratio(OR)= 1.6)*°. As opposed to an association with parental LBP history, in a cross-
sectional study of 615 schoolchildren aged 12-17, there were associations between
adolescents whose siblings reported LBP and increased risk of LBP . Family history and

experiences of LBP impacts an adolescent’s risk of developing LBP.
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1.5.3.6 Lifestyle factors

Mechanical load

Mechanical load as a possible risk factor for LBP in adolescents is often discussed
in relation to backpack use. Overall, it is not clear whether there is an association between
backpack use or backpack weight and LBP. There is some cross-sectional evidence that
heavier backpack use 1% or heavier backpack weight is associated with LBP %419 However,
a recent systematic review of 69 studies found that there is insufficient evidence to support
an association between factors related to carrying a schoolbag and LBP 119, There is evidence
that perceived schoolbag weight may play a role rather than actual schoolbag weight, further

indicating the significance of psychosocial factors in adolescent LBP %,

There has not been as much focus on spinal mechanical loading during activities in
adolescent LBP research as there has in adult LBP research, but there is some evidence that
adolescent male rowers with LBP adopt different movement patterns than those without LBP

during a 15-minute ergometer trial 2.

Sleep
Insufficient sleep may also be a risk factor for LBP in adolescents, although there is
little research in this area specifically. A Finnish study of 6911 adolescents showed that

insufficient sleep at age 16 predicted LBP at age 18 in both sexes 13,

Diet
Diet may have an impact on LBP in adolescents, although there is little evidence in this
area. A cross-sectional study of 1424 adolescents found weak and inconsistent associations

between some elements of diet and LBP in 14-year-olds 4,
Physical activity

Very low and very high levels of physical activity may increase risk of LBP. In a

recent systematic review of physical activity and LBP in children and adolescents, there was
17



an association between physical activity and LBP in 6 of 9 included studies, with moderate
evidence °. Similar to the ‘U-shaped relationship’ between physical activity and LBP
previously observed in adults '8, the findings of this review supported associations between
very high and very low levels of physical activity *°. Other research has also supported an
association between low levels of physical activity and LBP. Increased sedentary behaviour,
such as time spent sitting to do homework or use electronic devices, is associated with

increased risk of LBP 117118,

1.5.4 Conditions associated with low back pain in adolescents

1.5.4.1 Overview

There are many conditions which are associated with LBP in adolescents, including
spondylolysis, spondylolisthesis, adolescent idiopathic scoliosis (AIS), Scheuermann’s
kyphosis, and disc disease. Non-specific LBP must also be considered in adolescents,
although adolescents appear to have a higher likelihood of being assigned a specific

diagnosis**®.

1.5.4.2 Spondylolysis and spondylolisthesis

Spondylolysis is a fracture of the pars interarticularis of the vertebrae, often
associated with repeated mechanical stress %, In the general population, most cases of
spondylolysis are asymptomatic 12122 In adolescents, spondylolysis is often asymptomatic,
with a prevalence of 6% %12, Symptomatic spondylolysis occurs most often in adolescent
athletes 2%, There is a higher incidence of symptomatic spondylolysis in young athletes than
in the general adult population, with one study finding spondylolysis in 47% of young
athletes presenting to a sports medicine clinic, compared to 5% of adults %
Spondylolisthesis is a condition related to spondylolysis, in which one vertebra slips on the
other, either anteriorly or posteriorly. Anterior slippage (anterolisthesis) is more common

than posterior (retrolisthesis), and the most common site of spondylolisthesis is L5 1%,
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Slippage increases during growth in adolescents %°. Pain is the most common symptom at

the initial stages of spondylolisthesis'?.

1.5.4.3 Adolescent idiopathic scoliosis

Adolescent idiopathic scoliosis (AIS) is the most common form of scoliosis in
children and adolescents, and is often diagnosed between the ages of 10 and 182°. There is
a moderately high rate of LBP associated with AIS, with nearly 20% of adolescents reporting
pain in the lumbar region in a retrospective chart review!?’. In a cross-sectional study of
43,630 students in Japan, the risk of LBP in those with AIS was twice as high as it was in
individuals without AIS (OR 2.3, P =0.01 for point and OR 2.1, P =0.01 for lifetime
prevalence)'?®. However, a recent systematic review concluded that while many adolescents
with AIS experience LBP, AIS may not be an aetiological contributor to LBP 1%°. Cobb angle
and LBP were not correlated in adolescents, and the rate of LBP experience by adolescents
with AIS was similar to that of those without AIS 1%, Overall, current evidence does not

support a linear relationship between LBP and AlS.

1.5.4.4 Scheuermann’s kyphosis

Scheuermann’s kyphosis is a condition that has a hallmark of excessive kyphosis of
the spine®*’. There are two types of Scheuermann’s kyphosis: Type 1 typically affects the
thoracic spine, and Type 2 affects both the thoracic and lumbar spine®®. It is commonly
identified in adolescents aged 12 to 17, with males more commonly affected than females*°.
Research has shown that Scheuermann’s kyphosis can be associated with LBP, although it
may develop later in life. A 37-year follow up study of those with untreated Scheuermann’s
kyphosis found that Scheuermann’s kyphosis was significantly associated with higher risk
of constant back pain (37.5%, OR 2.5 (1.4-4.5)), disability due to back pain in the past five
years (53.3%, OR 2.6 (1.4-4.7)), and back pain in the past 30 days (71.1%, OR 3.7 (1.4-4.3))

when compared to a control group from the general population®3!.

19



1.5.4.5 Disc disease

Disc disease can also be associated with LBP in adolescence, although when
compared to the rate of LBP-related disc disease in adults, it is relatively infrequent!?*, A
retrospective case comparison study comparing adolescent and adult LBP found that
discogenic LBP was diagnosed in 11% of adolescents compared to 38% of adults'?*. One
type of disc disease, disc herniation, often presents with LBP in the adolescent age group but

is not common, representing only 3.5% of disc disease in adolescents'3?

. Magnetic resonance
imaging (MRI) findings of disc degeneration appear to be prevalent in adolescents, with

signs of disc degeneration present in up to 30% of 13-year-olds*33,

1.5.4.6 Non-specific low back pain

In adults, up to 90% of LBP is non-specifict®*, meaning that there is no identifiable
pathology associated with the pain. LBP in adolescence also appears to be mostly non-
specifict® 3¢ although adolescents are more likely to receive a specific diagnosis related to
LBP, when compared to adults'*®. The rate of non-specific LBP in adolescents may be lower
than that of adults, although still representing the majority, with a retrospective chart review

of 648 patients indicating that there was no organic cause in 57% of LBP cases .

1.5.5 Treatment of low back pain in adolescents

There has been little investigation into the optimal treatment for non-specific LBP in
adolescents. A systematic review of physical therapy treatments for LBP included eight
studies of low methodological quality’” 7. In this review, a combination of physical
conditioning and manual therapy was most effective in treating LBP when compared to
control interventions, although the generalisability of this review was limited by low
methodological quality’. Another systematic review of LBP interventions in children and
adolescents indicated that there is a paucity of evidence regarding treatment of LBP in

children and adolescents, although exercise may be effective®’. This review included four
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randomised controlled trials investigating treatment of LBP%’. Further research into the

optimal treatment of LBP in adolescents in required.

Interventions examining pain generally have found that management following a
biopsychosocial model has positive effects on adolescent pain. Of these interventions, the
common aspects have been pain education, psychological interventions, and involvement of
physical and occupational therapy®*. A large focus of theses interventions is the self-

management of pain.

1.5.6 The impact of low back pain on adolescents

1.5.6.1 Activity limitation

LBP influences adolescents’ ability to participate in social activities and activities of
daily living. In a survey of 500 adolescents, 7.8% of participants reported absence from
school related to LBP!%, In the same study, nearly 10% of participants were unable to
participate in sport or physical activity due to LBP*%. In those that reported recurrent LBP,
there was a higher rate of absence from school®®. Activity limitation is strongly linked to
LBP in adolescents, with difficulties reported in activities such as sitting in school, sports
participation, carrying a school bag, and standing for over ten minutes*®14°. In a cross-
sectional study of 17-year-olds, LBP was associated with medication taking, reduced
recreational activity, absence from school, and lower health-related quality of life®l. The
difference in the physical functioning and mental health areas of health-related quality of
life (QOL) was both statistically significant and clinically meaningful®®. This indicates that
LBP has a substantial effect on QOL in adolescents. As this research has shown, LBP can
have a significant effect on the lives of adolescents through limiting participation in school,

social, and sports activities.
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1.5.6.2 Recurrence of adolescent low back pain

A first episode of LBP, or initial onset, can have significant impacts on an adolescent’s
life. There are also strong links between LBP in early life and recurrent episodes throughout
life. A previous episode of LBP is a risk factor for the development of future LBP® &,
Longitudinal studies have found that LBP during adolescence is a risk factor for LBP in
adulthood 841, Those who experienced a longer episode of LBP in adolescence had a higher
risk of future LBP, demonstrating the importance of effective management of LBP in
adolescents®. A review on the long-term course of LBP also found that those with previous

LBP were twice as likely to report LBP in future®®.

LBP in early adolescence has also been linked to recurrent LBP in late adolescence.
The rate of recurrent LBP appears to increase with age at least until the age of 161%13, Those
with recurrent LBP also reported a higher rate of disability than those without recurrent
LBP**®, Another study of adolescents aged 11-14 found that 25% of participants reported

persistent LBP after four years*?.

An episode of LBP in adolescence can have a notable impact on an individual
throughout their life. Since optimal management of LBP in adolescents is not currently
supported by high quality evidence, there needs to be more research in this area to prevent

lifelong LBP-related disability.
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1.6 Low back pain in athletes

1.6.1 Qverview
LBP is a prevalent issue for athletes across different sport disciplines** 144, Lifetime

145 with a cumulative

prevalence of LBP in athletes has been reported to range from 1-94%
weighted mean prevalence of 63% in adults'*®. Point prevalence has been reported to range

from 18-80%"4° 146 with an estimated mean of 42% in adults*.

Two recent systematic reviews of athlete LBP found that LBP in sport was
common!® 146 Both reviews found that there was a large amount of variation in the reported
prevalence of LBP in athletes'*® %6, Disruptions to competition and training are unique to

LBP in sport, which were not captured in many LBP definitions4°.

1.6.2 Risk and associated factors

In a recent systematic review of adult athletes, there were associations between LBP
and load increases and years of participation in sport!#. Other reported risk factors for LBP
in sport include previous history of LBP¢148 high training volume!*® 149 repetitive

motion4°, and high physical load*°.

1.6.3 Treatment

The optimal treatment for LBP in athletes is unclear. Several systematic reviews of
the treatment and management of LBP have concluded that there were no treatments that
were clearly more effective than others'® 51, Most existing research on management of
sport-related LBP did not report of the effect of interventions on return to sport, which is an
important measure for athletes*>. There is a need for more high-quality research in this

areat®.

1.6.4 The impact of low back pain in adult athletes

LBP can affect adult athletes throughout their lives, both in relation to sport and in

their daily lives. A previous episode of LBP is a risk factor for future LBP, meaning that
23



some athletes experience continuing LBP-related disability'*® 152, For some professional
athletes, LBP can be career-ending'“®. In a qualitative study on LBP in adult rowers, some
participants discussed LBP impacting their non-sport related jobs, as well as their ability to
take college exams®®. Some athletes felt that the disclosure of LBP to coaches and
teammates might make them seem weak or a liability®™®. The impacts of LBP on adult
athletes are variable, from affecting an athlete’s sport participation or career to affecting their

mental health.

1.6.5 Psychosocial injury models within sport
1.6.5.1 Stress-injury model

The Stress-Injury model was proposed by Andersen and Williams in 1988°*, with an
updated critique in 1998%°. This model proposes that several factors can affect how an
athlete copes with a potentially stressful situation, which in turn affects the likelihood of
this athlete being injured. The way an athlete handles a stressful situation modulate the
level of injury risk. This model is widely accepted within sports psychology. There are

clear associations between high life stress and injury.
1.6.5.2 Integrated model of response to sport injury

This model, posited by Diane Wiese-Bjornstal and colleagues™, builds on the Stress-Injury
model to suggest that the same factors which impact susceptibility to injury can also
influence response to injury after the fact. Personal and situational factors can impact how
an athlete cognitively appraises the threat of an injury to themselves. This in turn affects
emotions, which can impact athlete behaviour. This could also go the other way, in that
athlete behaviour affects their emotions, impacting their cognitive appraisal of an injury

situation. This model better accounts for the individuality of injury responses.

1.6.5.3 Biopsychosocial model of sport injury
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The biopsychosocial model includes the effect of biological, psychological, and social
factors on injury and rehabilitation outcomes. There are a variety of ways that this could
manifest. For example, psychological factors can directly impact self-reported injury
outcomes like pain, quality of life, and symptom reporting*®. Psychological factors could
also impact adherence to treatment regimens, in turn affecting rehabilitation outcomes?,
Furthermore, psychological or social factors such as life stress could directly affect
biological factors. For example, stress and other psychological factors can impact immune
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function®® and wound healing*®®. This model has limited evidence in this domain.

1.6.5. 4 Multilevel model of sport injury

The multilevel model of sport injury includes the impact the environment has on an athlete
in their injury risk and recovery. This includes the athlete as well as their relationships and
social circle, the institution/organisation sport is practiced in, cultural influences, and local
and national policy?. This model is newer and has limited research but includes important
recognition that the athlete operates within a specific context, and sport injuries can be

affected by this context.

1.6.6 Differences between adult and adolescent athletes

There are important differences to consider when assessing adult and adolescent athlete LBP.
For instance, the reasons for participation in sport may be different between adults and
adolescents. Although not all athletes are motivated by the same factors, in child and
adolescent sport, fun is the main reported reason for participation'®®. For adults, the main
motivators for sport participation may lean more towards physical and mental health

benefits!®®, community'®, or mastery!®! and competition®°,

Adolescence is also a habit-forming time of life. For instance, adolescents who play sport

are eight times more likely to play sport as young adults (at age 24)%%2. Adolescent sport
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participation is a significant predictor of adult sport participation®. Injury or pain during

this time may affect the formation of beneficial physical activity habits.

In adolescents, the impact of teammate and parent/guardian relationships may be greater.
This can influence an adolescent’s risk of pain and injury in different ways to adult
athletes. There is also the formation of identity in adolescence!®®, which can include an
athletic identity formation. This is the extent to which an athlete identifies with an athlete
role*’, and can form in those that participate in a large amount of sport in adolescence.

Those with a stronger sense of athletic identity can be at higher risk of pain and injury*® 4,

Because of the unique considerations in adolescent sport outlined here, low back pain in

adolescent athletes must be considered separately to adults.

26



1.7 Low back pain in adolescent athletes

1.7.1 Qverview

LBP is a common problem among athletes, even as early as adolescence. There has been a
lack of emphasis in research focusing on the epidemiology, presentation, lived experience,
and beliefs associated with this condition. The incidence, prevalence, risk factors, and
impacts that LBP has on adolescent athletes may be like those seen in the general adolescent
population and the adult athlete population, but there has been a lack of evidence synthesis

of available studies to date.

Presentation of LBP in the adolescent athlete appears to vary by sport, although there has
been no published overview of aetiologies related to specific sports. Contact sports are more
likely to result in acute low back injuries, whereas sports like gymnastics or dance are more
likely to result in overuse injuries due to repetitive extension'®. In adolescent athletes,
spondylolysis appears to be most associated with LBP. In a randomised case comparison
study, compared to the adult prevalence of 5%, 47% of adolescent athletes presenting with

LBP were diagnosed with spondylolysis'?*.

In some cases, LBP resulting from sport may result in ongoing disability for adolescent
athletes. Studies have reported that up to one fifth of all injuries during youth sport are
classified as ‘severe’, meaning they result in four weeks or more away from
sport'®®, Additionally, LBP in adolescence can lead to adult LBP®°. More importance must
be placed on understanding presentation and management of adolescent LBP. This could

prevent recurrent problems later in life, as well as loss of training and competition time.

The research from this thesis will contribute to the evidence base about LBP in adolescent
athletes. It will provide more insight into the rate of LBP in adolescent athletes, the clinical

presentation and management of these athletes, and their lived experience of LBP. It will
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also explore adolescent and clinician understandings of LBP, which may affect the rate of

specific diagnoses in this age group.
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1.8 Rationale for thesis

Although under-represented in research, adolescent athletes appear to report LBP
regularly®®4. LBP can lead to an adolescent athlete taking time off from playing sports or
quitting sports entirely®®. For some, LBP can become more pervasive, affecting not only
participation in sport, but home and school life as well*%®, There is currently a paucity of
high-quality evidence on the impact of LBP on adolescent athletes specifically. The primary
aim of this PhD research was to fill the gaps in existing research by documenting the

following:

» Prevalence, incidence, risk factors, and associated morphologies with LBP in
adolescent athletes.

» Common pathologies and treatment methods for adolescent athletes experiencing
LBP and presenting to a sports medicine clinic.

» Qualitative accounts of the effects LBP can have on the lives of adolescent athletes.

» Clinician LBP beliefs about LBP.

» Current assessment and management techniques for adolescent LBP

This research included both qualitative and quantitative methodologies and took place in

both Ireland and in the United States.
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Research question:

Action:

What are the prevalence, incidence, risk
factors, and associated morphologies of
LBP in adolescent athletes?

What are the lived experiences of
adolescent athletes with LBP?

What are common morphologies and

management methods for adolescent
athletes with LBP?

What are clinician beliefs about LBP?

What are the current assessment and
management techniques for LBP in
adolescent athletes?

eSystematic review with meta-analysis of the existing
literature on adolescent athlete LBP (Chapter Two)

eQualitative interviews with adolescent athletes

eRetrospective chart review of adolescent athletes
with LBP presenting to a sport medicine clinic

eSurvey of clinicians involved in the management of
adolescent athletes with LBP

eSurvey of clinicians involved in the management of
adolescent athletes with LBP

Figure 1-4: Research questions and actions within this thesis to investigate each research question.
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1.9 Value of research

This research contributes to an under-researched area in the field of Sports Medicine. The
international nature of this research between Ireland and the United States increases the
scope and impact of the results. It quantifies the rate of LBP in this population and highlight
associated risks and pathologies. It provides insight into the lived experiences of adolescent
athletes with LBP and highlight issues which are important to the athletes themselves. It
provides an overview of the current clinical management pathways of adolescent athletes
with LBP. Finally, it provides a snapshot of the beliefs about LBP held by clinicians. Current
management of LBP in adolescent athletes is explored, which may inform appropriate
management strategies. The results of this body of work contribute to increased

understanding of how LBP affects adolescents participating in sport.
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1.10 Overall Thesis Aim and Hypotheses

The overall aim of this thesis is to characterise LBP in adolescent athletes and explore
current management practices. This includes cumulative incidence and prevalence, lived
experience, common conditions, clinician pain beliefs, and management. To give structure
to this thesis, the Sackett model of evidence-based medicine is used throughout (Figure 1-

6)166.

Best research
evidence

Chapter 2

Evidence-based

medicine CI | n |Ca I

Patient .
expertise
values
Chapters 3
Chapter 4 and 5

Figure 1-5: Sackett model of evidence-based medicine exploring LBP in adolescent athletes.

1.10.1 Thesis hypothesis

LBP in adolescent athletes is common. Awareness of the prevalence and risk factors, the
lived experience of athletes, common morphologies, and the current management practices
and beliefs of clinicians will improve understanding of this condition. This may modify risk

and improve athlete experience and clinician management.
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1.10.2 Aims and objectives of Study |

Title: Incidence, prevalence, and risk factors for low back pain among adolescent athletes: a

systematic review and meta-analysis.

Aim: To systematically examine and synthesise research about LBP in adolescent athletes.

Obijectives:

Estimate the cumulative incidence and prevalence of sport-related LBP in
adolescent athletes across a variety of sports

e Report risk factors for sport-related LBP in adolescent athletes

e Outline the common conditions associated with sport-related LBP in adolescent
athletes

¢ Investigate the quality of studies in adolescent athlete LBP

1.10.3 Aims and objectives of Study Il

Title: Diagnoses associated with low back pain in adolescent athletes: a retrospective chart

review of 400 patients

Aim: To characterise presentation of adolescent athletes presenting to a Sports Medicine

clinic with LBP.

Obijectives:

e Categorise the differences in LBP aetiology and presentation by sport, by sex, and
by age.
e Identify conditions associated with LBP in adolescent athletes.

e Examine current treatment and management methods of LBP in adolescent athletes.
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1.10.4 Aims and objectives of Study Ill

Title: “Back pain is part of sport ... I’m just gonna have to live with it”: Exploring the

lived experience of sport-related low back pain in adolescent athletes

Aim: To examine the lived experiences of adolescent athletes reporting an episode of sport-

related LBP.
Obijectives:

e To examine the effects of LBP on daily life.

e To examine adolescent athlete relationships with parents/guardians, teammates, and
coaches with relation to LBP.

e To examine adolescent athlete experiences of treatment/management for LBP.

e To document adolescent athletes’ understanding of LBP.

1.10.5 Aims and objectives of Study IV

Title: Healthcare professionals’ assessment, management, and beliefs about low back pain

in adolescent athletes

Aim: To investigate current management of LBP in adolescent athletes, including the LBP

beliefs of clinicians.
Objectives:

e To establish current assessment and management practices of HCPs managing LBP
in adolescent athletes.

e To establish the back pain beliefs of HCPs managing LBP in adolescent athletes.

e To establish whether assessment, management, or beliefs varied based on
geographical region or healthcare profession.

e To explore the components of adolescent LBP care that HCPs identify as differing

from adult LBP care.
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Chapter 2: Incidence, prevalence, and risk factors for low back
pain in adolescent athletes: a systematic review and meta-
analysis

Best research
evidence

Systematic review

Clinical

Patient values )
expertise

Figure 2-1: Sackett model of evidence-based medicine exploring LBP in adolescent athletes.

2.1 Introduction

A leading cause of disability worldwide,” low back pain (LBP) is prevalent in adolescents,
with some studies estimating a twelve month prevalence to be 33-57%7’ ’® and lifetime

prevalence to be 70-80% by the age of 207,

LBP can pose unique risks to adolescents participating in sport. Estimates suggest that 10-
15% of young athletes experience LBP, with some variation based on sport played* 167,
Although LBP resolves quickly for some athletes, it can result in consequences, including
time off from playing sports or quitting sports entirely>®. Since a previous history of LBP is
a risk factor for the development of future episodes, the onset of LBP during adolescence
also carries other risks, such as the potential for continued LBP later in life® 8L, There has
not been a published synthesis exploring prevalence of LBP in adolescent sport even though

adolescent athletes report LBP regularly*®.

In this review we aim to create a comprehensive synthesis across multiple sports about the

incidence, prevalence, morphologies, and risk factors associated with LBP in adolescent
35



athletes. Our objectives were to establish the 1) incidence and prevalence, 2) risk factors,

and 3) morphologies associated with LBP in adolescent athletes.

2.1.1 Aims and objectives

Aim: To systematically examine and synthesise research about LBP in adolescent athletes.

Objectives:
e Estimate the cumulative incidence and prevalence of sport-related LBP in
adolescent athletes across a variety of sports
e Report risk factors for sport-related LBP in adolescent athletes
e Outline the common conditions associated with sport-related LBP in adolescent
athletes

¢ Investigate the quality of studies in adolescent athlete LBP
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2.2 Methods

2.2.1 Protocol and registration

We used the Preferred Reporting Items for Systematic Reviews and Meta- Analyses
(PRISMA)®8 recommendations in the reporting of this systematic review. Prior to
beginning the review, criteria were established and published in a protocol on the
International Prospective Register of Systematic Reviews (PROSPERO)
(https://www.crd.york.ac.uk/prospero/), registration number: CRD42020157206.

Differences between protocol and review can be found in Appendix 2-1.

2.2.2 Study eligibility criteria

We included prospective and retrospective studies that evaluated the prevalence and/or
incidence of LBP in athletes aged 10-19 years old. An athlete was defined as an individual
participating in extracurricular sport. Population studies and studies that compared athletes
to a non-sport population were included if they reported sport-related LBP. This review
was limited to observational studies, including case control, cross-sectional, and cohort
studies. We excluded studies that were published in a language other than English without

an easily accessible translation, and conference papers with insufficient data (Figure 2-2).

2.2.3 Sources and study selection

We searched five sources (Medline, Embase, Cumulated Index to Nursing and Allied
Health Literature (CINAHL), Web of Science, Scopus) from inception to September 30™,
2021, using a search strategy designed by a medical librarian experienced in the process
(DM) (Appendix 2-2). The final search was conducted on September 30", 2021. Search
results were exported to EndNote (Clarivate Analytics, Philadelphia, USA) citation
management software where duplicates were removed. Studies were uploaded to
Covidence Systematic Review Software (Veritas Health Innovation, Melbourne,
Australia). Two researchers (FW and JW) screened the titles and abstracts of these studies

using Covidence. Titles, keywords, and abstracts were screened to determine whether they
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met inclusion criteria. Disagreements identified by Covidence were discussed until
consensus was reached. There was no blinding to study author, institution, or journal. The
same two researchers conducted full text screening of studies using Covidence software.
Gray literature was included by searching the reference lists of included studies as well as
American College of Sports Medicine conference abstracts 2016-2020, American Physical
Therapy Association conference abstracts 2015-2020, and World Physiotherapy

conference abstracts 2019 and archive.

2.2.4 Data extraction and management

One review author (JW) independently extracted data from included studies using a
customised data extraction form, based on a recent systematic review of LBP in adult
athletes!#®, Extracted data contained the following study details: design, aims, objectives,
country, sport, sample size, and setting. Characteristics of participants were extracted
including age and type of participants. We also extracted main observations, outcome
measures, definition of LBP (if included), reported incidence and/or prevalence, time

period used, and risk factors.

2.2.5 Data analysis

We synthesized data to calculate an overall weighted mean prevalence and incidence of
LBP in adolescent athletes for each different time period used. Data from studies on six-
month, 12-month, and two-year time periods for incidence were synthesized. For
prevalence, data from high-quality studies 12-month period prevalence, three-month period
prevalence, and point prevalence were synthesized. Weighted means were calculated for
high-quality studies in each time period to consider the effect of sample size using a
random effects model in Metafor in R Core Team (2020). Forest and funnel plots were
generated for all time periods. It was assumed that random effects followed a normal

distribution. For the meta-analyses an expit link function was used with a random effects
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model [yi = (u + pi) €ij] that allowed for random errors and true variation between
studies. Where yi is the dependent variable (prevalence), p is the mean prevalence effect,
ui is the study specific deviation with between study variation, &ij is the difference between

observed and predicted

Meta-regression analyses using a mixed-effects model were conducted using Metafor in
R, Factors which could potentially contribute to heterogeneity in prevalence and
incidence estimates were investigated, including methodological quality (high or low),
number of participants (N), outcome expression (percentage of people with LBP or
percentage of injuries to the low back out of all injuries), LBP definition (yes or no,
included written and drawn definitions), sex (male or female), mean age, sport (specific
sport or multiple), prospective or retrospective study design, and method of data collection
(questionnaire or other). The linearity assumptions were tested using Q-Q plots and

residual plots.

2.2.6 Assessment of methodological quality

Two reviewers (KT and JW) assessed included studies using a quality appraisal tool
developed by Lebeouf-Yde and Lauritsen (1995)'7° to assess quality in studies of LBP
cohorts (Table 2-3). This tool was modified by Walker (2000)!! to include an additional
criterion. It was further modified by Trompeter et al. (2017)*° to consider studies scoring
65% and above as high quality. This tool (Appendix 2-3) assesses three main areas (twelve
items in total): whether the final sample was representative of the target population (three
items), quality of the data (six items), and definition of back pain (three items). Each item
is scored as criteria fulfilled (+), criteria not fulfilled (-), or not applicable (NA). The
percentage of items with criteria fulfilled out of the total applicable items represents the

methodological quality score.
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2.3 Results

2.3.1 Search strategy

After removing duplicates, the search yielded 1,907 papers for screening. After screening

and exclusions (Figure 2-2), 80 studies were eligible for data extraction.

=
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v database searching |———— {n=75)
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Figure 2-2: Flow chart of study selection for the analysis of incidence, prevalence, and risk factors for low
back pain in adolescent athletes.

2.3.2 Characteristics of included studies

A total of 80 studies included 31 cohort studies and 49 cross-sectional studies (Table 2-1).
Athlete-specific participant numbers ranged from 7172 to 21,2803, There were 60 sports
across 23 countries. Data were most often collected by use of a questionnaire. Common
questionnaires included Nordic Musculoskeletal Questionnaire’ or adaptations thereof,

and the Oslo Sports Research Trauma Centre Questionnaire!’.
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Among the 49 cross-sectional studies, 30 were included in meta-analysis of high-quality
studies reporting lifetime prevalence (n=18), 12-month prevalence (n=8), three-month
prevalence (n=4), and point prevalence (n=15). Among the 31 cohort studies, 10 were
included in meta-analysis of studies reporting two-year incidence (n=2), 12-month
incidence (n=4), and six-month incidence (n=4). Since there were so few high-quality
cohort studies reporting the same time period, data from high- and low-quality cohort
studies was included in meta-analysis for incidence. Further details of reported incidence

prevalence, and risk factors can be found in Table 2-4.

Data from 74 studies (study reporting explanation in Appendix 2-4) was included in the
analyses. For this review, “soccer” refers to football, while other football codes are

explicitly stated (i.e., “American football”, “Australian Rules football”, and “Gaelic

football”).
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Table 2-1: Characteristics of participants of all the included studies.

Author,
year

Abe et al.
2017

Alricsson
and Werner
2006

Alricsson
and Werner
2005

Country

Japan

Sweden

Sweden

Sport(s)

Team sports (Baseball,
softball, basketball, soccer,
volleyball, other)

Cross country skiing

Cross country skiing

Study
design

Cross-
sectional

Longitudinal
cohort

Cross-
sectional
with age
matched
controls

Setting

Junior high
schools and high
schools in Unnan

City, Shimane,
Japan

Northern part of
Sweden

High schools in
Northern Sweden

No. of
participants
(F%/M%)

N=632
41%F/59%M

N=15
53.3%F/46.7%M

N=120 cross
country skiers

N=993 controls

Sex N/R

Mean/
median
participan
tage
(SD/IQR)

13.8 (1.5)

Start of
study 13.6
(0.9)

Five year
follow up
18.5(0.9)

Study
group 18.
1(1.1)

Control
group 18
(€

Type of
participants

Students
participating
in team sports

Young elite
cross-country
skiers

Cross-
country ski
students from
all 5 ski high
schools in
Sweden.
Control group
was from 3
school
districts in the
North part of
Sweden.

Variables

Pain sites
Relationship of
number of
teammates to
MSK pain
Team quantity
index (TQI)
Kyphosis
Lordosis
Presence of
LBP
Training hours
per week
Weekly
participation in
sport other than
Cross country
skiing

Physical
activity
Physical health
Location of
symptoms/injur
ies

Back pain in
skiers

Data collection
mode

Questionnaire

Questionnaire
- Debrunner's
kyphometer

Questionnaire
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Auvinen et
al. 2008

Balague et
al. 1988

Balague et
al. 1994

Finland

Switzerla
nd

Switzerla
nd

Multiple (population-based
study)

Included: walking, jogging,
cycling, cross-country
skiing, swimming, soccer,
ice hockey, floorball,
rinkball or bandy, Finnish
baseball, basketball,
volleyball, ice-skating,
figure skating, track and
field, horseback riding,
aerobics, gymnastics,
dancing, gym training,
downhill skiing or
snowboarding, roller-skating
or skateboarding,
badminton, tennis,
orienteering running, judo or
karate or wrestling, and golf.

Multiple (population-based
study)
Included: soccer, skiing,
gymnastics, swimming,
bodybuilding, volleyball,
aerobics

Multiple
Included tennis, volleyball,
cycling, and swimming

Cross-
sectional

Cross-
sectional

Cross-
sectional

Questionnaire
based on the
Finnish Physical
Activity Survey
as part of the
Northern Finland
Birth Cohort
(1986)

Schools in
Switzerland

Primary and
secondary schools
in Switzerland

Children born
in the two
northernmost
provinces of
Finland
between July
1, 1985, and
June 30, 1986

N=6947
N/R
Sex N/R

Schoolchildre
n in the fourth
school district
12 of the Sarine
area near
Fribourg,
Switzerland

1715
51%F/49%M

Primary and
secondary
school
children in
One school
district of

N=1716 Mean 11.7
50.6%F/49.4%M  Median 12

MSK pain
Health habits
such as
physical
activity,
sedentary
behaviour,
smoking

Frequency and

location of back

pain

Hours per day
spent watching
TV

Number of
cigarettes
smoked

Sports
Lifetime and 7-
day hx of LBP
Localization of
LBP

Medical tx of
LBP

Parents hx of
LBP

Questionnaire

Questionnaire

Questionnaire
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Bayne et al.

2016

Brown and
Kimball
1983

Burnett et
al. 1996

Cejudo et al.

2020

Australia

USA

Australia

Spain

Cricket

Powerlifting

Cricket

Equestrian sports

Cohort

Cross-
sectional

Cohort

Cross-
sectional

District and/or
state junior
cricket squads,
data collection
took place at the
University of
Western Australia
The 1981
Michigan
Teenage
Powerlifting
Competition
Male fast bowlers
at the beginning
of the 1991-1992
cricket season and
at the completion
of the 1993-1994
cricket season

Equestrian
Technical Centre
of the Region of
Murcia (Murcia,

Spain)

Injured
15.5(1.4)
N=25
100%M Non-
injured 16
(1.2)
N=71
N/R
100%M
Study start
13.6
N=19
100%M
’ Study end
16.3
14.7 (1.9)
Male 13.9
N=19 L8)
58%F/42%M '
Female
15.3(1.9)

Fribourg,
Switzerland

Fast bowlers
from district
and/or state
junior cricket
squads

Teenage
powerlifters

19 male
cricket fast
bowlers

Child
equestrian
athletes of the
Murcia
Regional
Team

- TV watching
- Sports activity
-  GPA

- MRI

- MSK screening

- 3D
biomechanical
bowling
analyses

- Training,
experience

- Medical history

- Injury types

- Injury sites

Filming of
maximum velocity
bowling and MRI

- Demographic
data

- Sport related
background
info

- Training
workload

- LBP

- Risk factors

Clinical
examination

Questionnaire

Film and
radiographic
procedures

Interview
questionnaire

Clinical
examination
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Cezarino et
al. 2020

Cupisti et al.
2004

Dennis et al.
2005

Soccer

Gymnastic/s

Cricket fast bowling

Cohort

Cross-
sectional

Cohort

Brazilian first

division male

youth soccer
academy

19 gymnastics

clubs affiliated
with the Italy
Federation of
Gymnastics

Club and district
cricket leagues in
Australia

N=228
100%M

Study group N=67

Control group
N=104

100%F

N=44
100%M

Male youth
soccer players

Competitive
club level
gymnasts and
age matched
controls

Australian fast
bowlers
playing at the
club and
district level

Anthropometric
measurements
Injury and
exposure data

Presence,
location,
intensity of
back pain
Smoking habits
Age of
menarche
Mental stress
questionnaire
Skinfold
thickness
measurements
Match and
training
deliveries
bowled each
day
Conditions/inju
ries

MRI at baseline
and post-injury

Measurement
s taken by
club
physiologist
Injury report
form
completed by
physiotherapi
st
Training and
match
exposure
forms
completed by
assistant
coaches

Questionnaire and

clinical
examination

- Loghook
- MRI
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Farahbakhs
h et al. 2018

Fouasson-
Chailloux et
al. 2020

Gamboa et
al. 2008

Gregory et
al. 2002

Grimmer
and
Williams
2000

Iran

France

USA

England

Australia

Multiple

Included: football,
volleyball, basketball,
wrestling, gymnastics,

fitness, shooting, track and
field, and swimming

Soccer

Ballet

Cricket

Multiple

Cross-
sectional

Cohort

Retrospectiv
e descriptive
cohort

Prospective
cohort

Cross-
sectional

Tehran Province,
Iran between July
and August 2017.
Sports Medicine
Research Centre
of Tehran
University of
Medical Sciences

French regional
academy

Elite
preprofessional
ballet boarding

school in
Washington DC

Centres of
Excellence of 3
"First Class"
Counties in
England in
January 1998

12 High schools
in Adelaide,
Australia in 1998

N=377
100%M

N=161
100%M

N=359
80%F/20%M

N=113

N=1193
49%F/51%M

15.95

N/R

14.7 (1.9)

14.9

N/R

Male athletes

participating
in the sport
Olympiad

Youth male
soccer players

Elite
adolescent
pre-
professional
ballet dancers

Young
cricketers

High school
students in
Australia

Questionnaire
about

prevalence of
neck and LBP

Injury
diagnosis
Date

Nature
Location
Severity
Demographics
Past medical
history
Posture
Strength
Flexibility
Orthopaedic
testing
Function

Injuries caused
by/interfering
with bowling

Backpack and
student weights
Height
questionnaire
answers-
information on
LBP in the past
two weeks

Questionnaire

Injury data
recorded by sports
physician

Clinical
examination

Telephone
questionnaire

Questionnaire and
clinical
examination
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Ha et al.
2017

Harreby et
al. 1999

Hickey et al.

1997

Hjelm et al.

2010

Hoskins et
al. 2010

South
Korea

Denmark

Australia

Sweden

Australia

Cross-
Baseball .
sectional
. Cross-
Multiple .
sectional
Retrospectiv
Basketball e review of
records
Tennis Cohort
. Cross-
Australian Rules football .
sectional

Elementary
schools, junior
high schools,
senior high
schools in South
Korea

46 municipal
schools in 3
counites of

Sealand, Denmark

Sports Medicine
Department at the
Australian
Institute of Sport
in Canberra,
Australia

Swedish local
tennis club

Junior Australian
rules football
leagues

N=293
100%M

N=1389,
52%F/48%M

N=49
100%F

N=55
65%F/45%M

N=102
Elite junior

60 Non-elite
juniors

100 Control

South Korean

12.8(2.1)  male baseball
players
92.4%
were either 8th and 9th
150r 16 grade Danish
years of  schoolchildren
age
17.6 Elite female
at time of basketball
injury players with
presentatio  scholarships
n at AIS

Junior tennis
players in
Sweden,
playing at
least twice per
week
Junior
Australian
rules football
Elite players, both
junior 17.2  elite and non-
elite, and
Australian
high school

154

Prevalence
(Point and
Lifetime)
Recurrence
Age of onset
for LBP
Peak height
velocity
calculated
LBP frequency
and severity
Sports
participation
frequency and
intensity

Injury
Anatomical
location
Nature
Acute or
chronic

Gender
Anatomic
location
Month

Injury type
Injury severity

Prevalence
Intensity
Quality
Frequency of
LBP

Questionnaire and
health records

Questionnaire

Retrospective
review of clinical
examination

Clinical
examination

Questionnaire
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Hutchinson
1999 a

Hutchinson
1999 b

lwamoto et
al. 2005

Iwamoto et
al. 2004

Kaldau et
al. 2021

USA

USA

Japan

Japan

Canada

Gymnastics

Gymnastics

Rugby

Football

Badminton

Cohort

Retrospectiv
e review of
injuries

Cohort

Cohort

Cross-
sectional

U.S. Rhythmic
Gymnastics
National Team

U.S. Rhythmic
Gymnastics
National Team

High schools in
Japan

High schools and
college in Japan
between 1986 and
1994

BWF World
Junior
Championships
2018

N=7
100%F

N=12

100%F

N=327
100%M

N=171 Freshman

high school
players

N=742 Freshman

college players

N=166
44%F/56%M

16

16

N/R

N/R

17.1(0.8)

students as the
control group

7 members of
the U.S.
national team
for rhythmic
gymnastics

Elite rhythmic
gymnasts

High school
rugby players
in Japan

Incoming
freshman high
school and
college
football
players in
Japan

Junior
badminton
players

Injuries
Treatments
Injury severity

Complaints
severe enough
to be seen by a
physician

Radiographs
Presence of
LBP

Abnormal
radiographic
findings
Presence of
LBP

Player
demographics
Significant
injuries
Symptoms

Clinical
examination

Retrospective
review of records

Radiological
examination and
clinical
examination

Radiological
examination and
clinical
examination

Questionnaire
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Multiple All students in P
. P . 7 Junior high N=2267 students o - Descriptive
track and field, soft tennis, schools and 3 in 2008 7 junior high statistics
table tennis, badminton, i . . schools and 3 - Participation in
Kamada et Cross- high schools in 2212 students in . organized . .
Japan Kendo, Judo, Karate, . . 14.5 high schools Questionnaire
al. 2016 swimming. baseball sectional Unnan, Shimane, 2009 in Unnan sports
g ‘ Japan in 2008 and -nnar, - MSK pain
softball, basketball, soccer, Shimane, using a
2009 52%F/48%M . .
volleyball, other Japan questionnaire
Single birth Elementary o
cohort of and junior - Desaione
students, followed high schoolers statistics
Kikuchi et Japan Multiple (population-based Cross- up in eI'ementar N=32596 N/R ingJa an who ; Partlc_lpatlon " Questionnaire
al. 2019 P study) sectional P o y 21280 athletes P il
and junior high are part of a sports
school from 2005 single birth - Presence or
absence of LBP
to 2010 cohort study
- MR imaging to
Adolescent get Cross-
N=38 male cricket sectional area
Kountouris ) ) Prospective  Australia in 2002- - . of quadratus MRI and self-
Australia Cricket 14.9 fast bowlers in lumborum
et al. 2012 cohort 2003 . . report
100%M Australia in - Low back pain
clinician
investigation
- Physical
Athletes from activity
different - His
. . Sports clubs and N=138 o cumulative ) )
Kujala et al. . Soccer, ice hockey, Cross- . specific sports LBP Questionnaire and
Finland . ) public-school N/R g
1997 a gymnastics, ballet sectional sl 5896E/42%M clubs and - Pain measurements
’ ’ public-school symptoms
controls - vElelE
physical
measurements
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Kujala et al.
1997 b

Kujala et al.
1997 ¢

Finland

Finland

Soccer, ice hockey,
gymnastics, figure skating,
ballet

Ice hockey, soccer, ice
skating, gymnastics

Cohort

Cohort

Elementary
schools and sports
clubs

Elementary
school and sports
clubs

Elementary
school aged
N=119
N/R athletes and
56%F/44%M .
nonathletic
controls
Male Young
nonathlete athletes and
$11.9 (0.3)  nonathletes.
Male Male athletes
athletes were involved
N=98 11.9 (0.3) in ice hocke
49%F/51%M A5 y
Female and soccer,
nonathlete female
511.9 (0.4) athletes in
Female gymnastics
athletes and figure
11.7 (0.8) skating

History of physical
activity

Lifetime
cumulative
incidence of LBP
LBP interfering
with school or
leisure activities
during past 12-
months
Continuous/recurre
nt LBP

Sciatica

Acute back trauma
Height

Weight

Body fat
percentage
Hypermobility
Other
anthropometric
measures

Past and
present PA
Acute injuries
causing LBP
Occurrence of
LBP

Duration
Location
Stages of
maturity

MRI

Questionnaire and
clinical
examination

Questionnaire and
MRI
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Male Young
nonathlete athletes and

54%F/46%M

control group

level
Prevalence
and impact of

- Pastand
§11.9(0.3)  nonathletes. present PA
Male Male athletes _ Acute injuries
Elementar athletes were involved causing LBP Questionnaire and
Kujala et al. ) Ice hockey, soccer, ice y N=98 11.9(0.3) inice hockey - Occurrence of -
Finland . . Cohort school and sports LBP clinical
1997 d skating, gymnastics e 49%F/51%M Female and soccer, . -
clubs in Finland - Duration examination
nonathlete female _ Location
511.9(0.4) athletes in - Stages of
Female gymnastics maturity
athletes and figure - MR
11.7 (0.8) skating
Demographic
information
Training
information
U15 soccer teams Injury
in Korean information
Cross- Football Youth male (location Injury report
Korea Soccer . —_ occurrence : -
sectional Association soccer players . ' questionnaire
) severity, type,
during the 2019 cause,
season recurrent,
surgery, days to
return,
treatment
expenses)
Socio-
Adolescent demographic
N=1771 Athletes . and
athletes in the . - IPAQ
48%F/52%M anthropometri .
2012 Quebec inf : - Teen Nordic
: Cross- 2012 Quebec ¢ information MSK
Canada Multiple . Summer Physical : .
sectional Summer Games . Questionnaire
Games and an activity Clinical
Control group participation - inica
age-matched examination
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Linek et al. Poland
2018
McMeeken Australia
et al. 2001
Mizoguchi
Japan
et al. 2019

Soccer

Dance and gymnastics

Volleyball

Prospective
longitudinal
cohort

Cross-
sectional

Cross-
sectional

Sports and
recreation centre
in in the Silesian
region of Poland

Community,
secondary
schools,
University of
Melbourne,
Australian Ballet
School, Victorian
College of the
Arts and other
ballet and
gymnastics
schools.

High school
volleyball teams
in Saitama, Japan

No LBP
12.8 (2.2
N=97 (22)
100%M
LBP
13.7 (3.0)
Females
N=614 16.9(2.1),
63%F/37%M Males
17.3 (1.9
N=123
15.8 (0.7)
49%F/51%M

Adolescent
male soccer
players

Dancers,
gymnasts, and
a control

group

High school
volleyball
players

MSK
symptoms

USI data about
LAMs
Occurrence of
LBP

Physical
activity
Back pain
Severity

Demographic
details
Environmental
factors

Injury history
Presence/absen
ce of LBP in
the past year

Ultrasound
imaging
Oslo Sports
Trauma
Research
Centre
questionnaire
with visual
analogue
scale

Questionnaire

Questionnaire
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Mogenson et
al. 2007

Mueller et
al. 2016

Miller et al.
2017

Muntaner-
Mas et al.
2018

Denmark

Germany

Germany

Spain

Multiple
Included: Jump gymnastics,
rhythmic gymnastics,
soccer, other ball games,
swimming,
badminton/tennis, horseback
riding, running, cycling,
roller skating/skateboarding,
martial arts, other

19 different sports in 4 sport
categories

17 different sports in 4
sports categories

Multiple
Included: football,
basketball, swimming,
cycling, tennis, rhythmic
gymnastics, futsal, athletics,
volleyball, martial arts,
handball, and others

Cross-
sectional

Cohort

Cross-
sectional

Cross-
sectional

Schools in
Odense, Denmark
in 2001

Elite sports
schools

Elite sports
schools

26 primary
schools in
Majorca, Spain

N=439
52%F/48%M

N=321
43%F/57%M

N=2116
39%F/61%M

N=2032,
46%F/54%M

N/R

13.1(1.4)

13.3(1.7)

11.1

Adolescents
living in
Odense,
Denmark

Elite
adolescent
athletes

Elite
adolescent
athletes

5th and 6th
grade primary
school
students

Sports
Number of
hours per
week
Puberty stage

Anthropometri
cs
Occurrence of
back pain
Sport type
Back pain Point
prevalence at
time and last 7
days
Restrictions to
sport
Type of sport
Training details
Anthropometric
data
LBP
occurrence
Treatment
LBP in bed or
upon waking
LBP at the end
of PE
Scoliosis
Leg length
discrepancy
Anthropometric
data
Sport
participation

Questionnaire and
clinical
examination

Questionnaire (5-
step face scale)

Questionnaire (5-
step face scale)

Questionnaire
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Ng et al.
2014

Australia

Noll et al.
2016

Brazil

O'Connor et

Irel
al. 2016 reland

Ogon et al.
2001

Rowing

Multiple

Gaelic football and hurling

Alpine skiing

Retrospectiv
e Cross-
sectional

Cross-
sectional

Prospective
cohort

Prospective
cohort

Independent
boys’ and girls’
schools in
Western Australia

Brazil 2015

6 secondary
schools in Ireland

Elite alpine skiing
high school in
1994 and 1995

N=365,
64%F/36%M

N=251
31%F/79%M

N= 292
100%M

N= 120
35%F/65%M

Males

15.1 (0.8),

Females
15 (0.8)

16.4 (1.4)

15.7(0.8)

17

Rowers who
competed for
different
schools in
Western
Australia

High school
athletes
participating
in the Jogos
dos Institutos
Federais
(Federal
Institutes
Games)

Under 16
male
adolescent
Gaelic
footballers
and hurlers

Elite
adolescent
skiers

Anthropometric
S

Questions
about LBP such
as intensity and
aggravating
factors

Occurrence of
back pain
Demographics
Behavioural
factors

Postural factors
Heredity

Level of
physical
activity

Sport

Onset of injury
Side

Location
Type

Nature

Time occurred
Severity
Mechanism
Month
Protective
equipment
worn
Radiographic
abnormalities
Development
of low back
pain

Duration
Treatment

Questionnaire

with VAS and

One question

adapted from

Nordic MSK

questionnaire

- Questionnaire
“Back Pain
and Body
Posture

Evaluation

Instrument”
(BackPEl)
- Anthropomet

ry
- Manual and
lumbar force
- Weight
asymmetry
Injury report form

based on the
National College
Athlete
Association Injury
Surveillance
System and
influenced by
other
epidemiological
research
- Radiographic
evaluation
- Diaries
collected

every Three-
months

54



Palmer-

Green et al.

2015

Rossi et al.

2016

Rossi et al.

2018 a

Rossi et al.

2018 b

England

Finland

Finland

Finland

Rugby

Multiple
Included: Basketball, cross-
country skiing, floorball,
football, gymnastics, ice
hockey, orienteering,
skating, swimming, track
and field

Basketball, floorball, ice
hockey, and volleyball

Basketball and floorball

Cohort

Cross-
sectional

Retrospectiv
e Cross-
sectional

Cross-
sectional

2 seasons (2006/7

and 2007/8) in a

male rugby union
in England

Part of the
Finnish Health
Promoting Sports
Club study, 154
youth sports clubs
in Finland in 2013

Finnish female
and male
basketball,
floorball, ice
hockey and
volleyball teams
Nine basketball
teams and nine
floorball teams
from Tampere
city district,
Finland

N=250

N/R
100%M
Broken
N=962 down in
Table 1
M
N=464 ean age
16 (1.9)
N=401
Mean age

4T%F/53%M 15.8(1.9)

Male youth
rugby union
players

Adolescents
who are
members of
youth sports
clubs in
Finland and
secondary
school non-
members
Players from
22 basketball,
floorball, ice
hockey, and
volleyball
teams

Young
floorball and
basketball
players

Date of injury
Injury
classification
Injury event
Date of return

Health
behaviours
Physical
activity

Injuries
Musculoskeleta
| health

Prevalence of
LBP

Gender

Age

Sport

Family LBP
history

Background
information
LBP in the
previous 12-
months

- Physical
therapy
records

Questionnaire

Two
questionnaires

Questionnaire

Questionnaire
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Rossi et al.
2018 ¢

Peterhans et
al. 2020

Sato et al.
2011

Schmidt et
al. 2014

Finland Basketball and floorball

Switzerla

Alpine skii
o pine skiing

Multiple
Included: swimming,
basketball, soccer, baseball,
tennis, wind-instrument
music, table tennis,
volleyball, athletics, kendo,
karate, badminton, ballet,
dance, judo, gymnastics,
golf, dodgeball, rugby, sumo
wrestling and wrestling,
archery

Japan

Multiple
Included 31 sports. The
following had more than ten
athletes: volleyball,
biathlon, swimming, canoe
racing, tobagganing, alpine
skiing, short track, canoe

Germany

Cohort

Cross-
sectional

Cross-
sectional

Cross-
sectional

9 basketball and 9
floorball teams in
Finland

Swiss- Ski and
related regional
ski federations

All students in
fourth to sixth
grade elementary
school (21,893)
and all students in
first to third year
junior high
(21,737) in
Niigata City

Centre for
Orthopaedics and
Traumatology

Mean age
N=396
15.8(1.9)
14.83
(0.58)
N=108 Females
39%F_/61%M 14.74
42F/66M (0.66)
Males
14.88
(0.52)
N= 26766 N/R
N=2r2 15.4(2.0)
42%F/58%M S

Young
floorball and
basketball
players

Youth
competitive
alpine skiers

Elementary
school and
junior high
school
students in
Niigata City,
Japan

Young
competitive
athletes
coming to the
centre for an
annual
medical
check-up

Location
Cause

Type

Time of onset
Mechanism

MRI from T10
to S1
Anthropometric
assessments
OSTRC
questionnaire
responses

Presence of
LBP

Sports
activities

Point, 1-year,
and Lifetime
prevalence
rates of LBP
Severity
Intensity
Duration
Number of
episodes of
LBP

Questionnaire and
anthropometry

- MRI
- OSTRC
questionnaire
- Personal
retrospective
interviews
and physical
examinations
performed by
sports
physician

Questionnaire

Questionnaire
with VAS and
clinical
examination
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slalom, ice skating, figure
skating, rowing

Schoeb etal.  Switzerla
Albi Kii
2020 nd pine Skiing
Sekiguchi et
Japan Baseball
al. 2018 a 5
Sekiguchi et
guchi Japan Baseball
al. 2018 b

Cohort

Cross-
sectional

Cross-
sectional

Certified regional
performance
centres of Swiss-
Ski

The Miyagi
Amateur Sports
Association in
north-east Japan

Amateur sports
association

13.89
(0.60)

Females
N=167 13.80
(0.68)

Males
13.94
(0.54)

N=1582,

Median 11
4%F/96%M

Median
11 (IQR
10-12)

N=1609

U15 and U14
competitive
alpine skiers

Youth
baseball
players who
belonged to
the Miyagi
Amateur
Sports
Association

Young
baseball
players

Hours of
weekly practice
Years of
training

Anthropometric
measurements
OSTRC
questionnaire
responses

Demographic
information
Number of
years in sport
Level
Number of
hours
intensity
Presence of
pain in knee,
shoulder, low
back elbow
Presence of
LBP and knee
pain
Demographic
information
Team level
Amount of
training
Intensity of
training

OSTRC

questionnaire and

supplemental
interview with a
sports physician

Questionnaire

Questionnaire
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Shah et al.
2015

Shimozaki et
al. 2018

Skoffer and
Foldspang
2008

Smoljanovic
et al. 2009

UK

Japan

Denmark

Multiple
(world
champs)

Soccer

Weightlifting

Multiple

Included: Soccer, jogging,
biking, dance, handball,
badminton, swimming,

fighting, basketball,

gymnastics, riding, scouting,
golf, tennis, table tennis,

shooting, other

Rowing

Cohort

Prospective
three-year
cohort study

Cross-
sectional

Cross-
sectional

English
Premiership
soccer academy
squads between
1998 and 2006

Weightlifting
team in Japan

14 public schools
in Aarhus,
Denmark

Junior World
Rowing
Championships in
Beijing in 2007

N=12306
100%M

N=12
50%F/50%M

N=555
47%F /53%M

N=596
39%F/61%M

N/R

Start of
study
11.4(2)

97.8%
were 15 or
16

N/R

Youth soccer
players in
England

Child/adolesc
ent
weightlifters
who had been
competing in
weightlifting
events for at
least 2 years

Schoolchildre
n in 9th grade
in Denmark

Junior rowers
competing in
the Junior
World
Rowing

Mechanism of
injury

Timing
Nature

Time to return
to
participation
Any further
clinical
examinations

Practice
frequency
Presence of
LBP

MRI findings

Occurrence of
LBP
Intensity
Duration
Pain coping
Physical
activity
Sports

TV
Computer
Method of
transporting
school bag
Smoking
Furniture

General
information
Rowing
specific
information

Prospective injury
data collection
and event analysis

Questionnaire and
lumbar MRI
findings

Questionnaire

Rowing-specific
questionnaire and
interviews
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Championship - Amount of
s (coxswains training

. Injuries
not included) (traumatic and
overuse)
Athletes
participating - Incidence of
2018 17/U&19/U in the injuries
Smyth et al. . Prospective Australian Australian occurring in the
2020 Australia Netball ph ; National Netball N=192 N/R National 2018 17/U & N/R
cohor a |ona_ e _a ationa 19/U ANNC
Championships Netball - Athlete
Championship exposure
52018
- Lower
extremity pain
- Trunk pain
- Covariates: sex,
Miyagi Amateur age, BMI,
Sogi et al. Japan Soccer Cross- Sports N=1139 Median 11 Adolescent height increase,  self-reported
2018 P sectional Association in 6%F/94%M (IQR 9-12)  soccer players ggﬁptgg't?grzg’ questionnaire
Japan level, frequency
of participation
in games,
previous
injuries
-  OSTRC
questionnaire
with
Multiple ificati
_ p . Girls from PE $ports and PE mod_lflcatlon
Sommerfield New Including: nethall, soccer, Prospective Girls' secondary N=103 classes at a e b 1o Include
field hockey, lacrosse, > school in New y 14.0 (0.6) - Association information
et al. 2020 Zealand L . cohort 100%F secondary between injury about
SIITIIE athle?lcs, Zealand school and phase of menstrual
badminton, rowing menstrual cycle cycle
- Apps used for
menstrual
cycle:
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Son et al.
2020

Steffen et al.
2020

Taekwondo

Multiple
Including: Rugby, boxing,
badminton, gymnastics
artistic, cycling, wrestling,
futsal, judo, beach
volleyball, weightlifting,
hickey 5s, basketball 3x3,
diving, athletics, tennis,
triathlon, taekwondo,
fencing, beach handball,
karate, trampoline, sailing,
gymnastics rhythmic,
modern pentathlon,

gymnastics acrobatic, break

dancing, canoeing, golf,
shooting, table tennis,
swimming, archery, roller

Cohort

Cohort

Korea
Taekwondo
Association

Buenos Aires
2018 Youth

Olympic Summer

Games

N=183
37%F/63%M

N=3984
50%F/50%M

15.4 (1.72)

Male
15.2 (1.74)

Female
15.75
(1.62)

Female
16.9 (0.9)

Male
17.2 (0.8)

Youth athletes
registered at
the Korea
Taekwondo
Association

Athletes
competing in
the Youth
Olympic
Summer
Games

Mechanism
Location

Type of injury
Sports specific
items

Time loss
Personal
information:
age, sex,
height, weight,
history, years
of experience

Injuries
IlInesses

FITrWoman
or My
Calendar

ISS questionnaire
(comprised of
info form 10C
and US NCAA

ISS
questionnaires)

I0C injury and
illness report form
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Sugimoto et
USA
al. 2020
Sundell et Sweden
al. 2019
Swain et al. .
Australia
2018 a

speedskating, equestrian,

climbing, rowing,

kitesurfing, BMX freestyle

Figure skating

Multiple

Including: soccer, floorball,
strength training, ice
hockey, aerobics, judo

sports, swimming,
equestrian, athletics,
gymnastics

Ballet

Cross-
sectional

Cross-
sectional

Cross-
sectional

Four figure
skating clubs in
the Northeast
region of the U.S.

High schools in a
municipality in
the north of
Sweden

One pre-
professional ballet
school, two pre-
professional
university dance
programs, and a
professional
nationally touring
ballet company

N=132
100%F

N=2550

N=110
83%F/17%M

16.8 (3.0)

N/R

Males
17.1 (3.7),

Females
17.9 (2.7).

Adolescent
female figure
skaters in the

Northeast
u.s.

Student
attending high
school in a
municipality
in the north of
Sweden

Male and
female
classical ballet
and
contemporary
dancers

Sport
specialization
Presence of
back injury

diagnosed by a

health
professional
Demographic
questions
Figure skating
training
questions

Individual
characteristics
Questions
about physical
activity level
Sport

Presence of
LBP
Demographic
information
Menstruation
Dance
participation

Questionnaire

23 of the 73 items
from the
Standardized
Nordic
Questionnaire,
modified for
students

Questionnaire
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Swain et al. Australia
2018 b
Sweeney et
USA
al. 2019
Thoreson et
Sweden

al. 2017

Prospective

Ballet
cohort
. Cross-
Gymnastics .
sectional
.. Cross-
Mogul skiing )
sectional

One pre-

professional ballet
school, two pre-

professional

university dance
programs, and a
professional ballet

company

Gymnastics
facilities in
Colorado

Are Ski Academy
in Jarpen, Sweden
and age-matched

students at the
Ostesund and

Are/Jarpen High

Schools

N=119
83%F/17%M

N=67
100%F

Study group
n=16
13%F/87%M

Control group
n=28 in
68%F/32%M

Males
17.1(3.7)

Females
17.9 (2.7)

those with
LBP
13.7 (2.8),

those
without
LBP 11.7

(2.8)

Study
group 17.6

Control
group
16.4

Pre-
professional
and
professional
ballet dancers

Gymnasts
who
participate in
the USA
Gymnastics
Women's
Artistic Junior
Olympic
Programs
levels 3 to 10

16 elite Mogul
skiers and age
matched
controls

Demographic
data

Dance
participation
information
LBP history
data

Demographic
and medical
history

History of LBP
Flexibility

MRI

Back pain
Average
weekly exercise

Questionnaire

Questionnaire and

clinical
examination

(measurements of

flexibility)

MRI from T5
to sacrum

- Three-part

questionnaire
regarding
present or
previous back
pain, Visual
Analog Scale
(VAS), the
Oswestry
questionnaire
(ODI), and
the EuroQoL
questionnaire
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Male field

hockey 17
(15-24)
Female
field
hockey
16 (14-19) . - Participant
_ Young elite characteristics Nordic MSK
Field hockey, Male athletes - Sport Lestionnaire
) The _ football, and N=181 participating participation q
Van Hilst et Netherlan Field hockey, football, Cross- speed skatin foothall in field - Work
al. 2015 speed skating sectional P . g 18 (16-19) - Prevalence and Acute LBP
ds clubs in the 43%F/57%M hockey, ity of LBP .
SEVErity 0 screening
Netherlands football, and - Preventive . .
Male . questionnaire
speed skating measures
speed against LBP
skating
18(15-23)
Female
speed
skating
18(14-25)
Study group - Back pain
N=91 CZT;Z;;S - Ph)_/s!cal
School of 93%F/7%M ' i g?é:’;y Questionnaire and
Vanti et al. Physiotherapy, Youn i LBP ROM usin
Italy Gymnastics Cohort ysiotherapy Control g behavioural : nd
2010 University of Age-matched rou gymnasts factors electronic motion
Bologna ltaly control group grotip - Anthropometric  eyaluation system
_ 13.07(0.95 factors
N=375
) - Lumbar range
46%F/54%M of motion
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- Low back pain

- Lower
extremity pain

- Covariates: sex,

_ Youth age, team level, Self-report
Yabe etal. Japan Basketball Cross- Amateur sports N=592 Median basketball BMI, number uestionnaire (no
2020 a P sectional association 44%F/56%M 13 (12,14) of days g title)

players training,
frequency of
participation in
games, practice
intensity
- Pain
assessment
(upper
extremity pain
. Elementary and LBP)
Miyagi Amateur - Covariates

Median 13 and middle ; ;
Yabe et al. Cross- Sports N=590 including sex, Self-report

Japan Basketball IQOR 12- school aged
2020 1a P sectional Association in 44%F/56%M (IQ g age, .BMI’ questionnaire
Japan 14) basketball training

volume,
players practice

intensity,
frequency of
participation in
games

- Low back pain

- Lower
extremity pain

- Covariates: sex,

. Youth age, team level, Self-report
Yabe et al. Cross- Amateur sports N=566 Median BMI. number . .
Japan Volleyball ) L volleyball ' questionnaire (no
2020 b sectional association 74%F/26%M 11 (10,12) of days title)

players training,
frequency of
participation in
games, practice
intensity

64



Yabe et al.
2020 ¢

Zaina et al.
2016

Japan

Italy

Martial arts (judo, kendo, Cross-
karate) sectional
. Cross-
Tennis .
sectional

Amateur sports
association

A public school
and private
competitive tennis
societies in Italy

N=896
32%F/68%M

N= 305 total

Tennis players
N=102
(51%F/49%M)

School students
N= 203
(50% F/50%M)

Median
11 (9,13)

Female
tennis
players
12.0(0.8)

Male
tennis
players
12.0(1)

Female
students
12.3(0.9)

Male
students
12.4(1.0)

Youth martial
artists

Competitive
tennis players
and age-
matched
students

Point
prevalence of
LBP
Covariates:
sex, age, team
level, BMI,
number of
days training,
frequency of
participation
in games,
practice
intensity

Clinical
evaluation for
spinal
deformities
presence of
LBP past and
present

Self-report
questionnaire (no
title)

- Measure of
angle of trunk
rotation using

Bunnell
scoliometer
- Questionnaire
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2.3.3 Pain definitions

There were 23 studies with definitions of LBP that included a reference to an anatomical
location, either written or with a reference image (reported in 30 papers) (Table 2-2). There
was no agreement between studies on LBP definition used, but the definitions of pain and
injury could be grouped into five main areas. A total of eighteen studies used time loss
from training/competition or impaired ability to participate as part of the definition!’6-194,
There was a specific duration of pain in three studies!’®1% 1% Treatment from a doctor or
physiotherapist was used to define an injury in five studies!’2 186197199 A specific pain
frequency per week was used in two studies?® 2%, A threshold of pain severity was used in

two studies?®? 203,
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Table 2-2: Pain or injury definitions.

Study name Study type Injury or pain definition used LBP-specific Low back
(LBP-specific or general definition (Y/N)  anatomical
musculoskeletal/injury surveillance) site defined
(Y/N)
Abe et al. 2017 General MSK “Pain was defined by frequency and part of the body area that was painful. Pain should be N Y
present at least once a week in at least one part of the body”.
Alricsson and LBP-specific N/R N N
Werner 2005
Alricsson and LBP-specific N/R N N
Werner 2006
Auvinen et al. 2008 General MSK N/R N Y
Balague et al. LBP-specific "LBP concerns only lumbar pain, and back pain is a global statement of all spinal pain”. Y N
1988
Balague et al. LBP-specific N/R N N
1994
Bayne et al. 2016 LBP-specific Injury was defined as pain that affected a bowler's ability to perform in a match. The N N
definition of injury was expanded to include radiological evidence of lumbar bone stress.
Brown and General MSK N/R N N
Kimball 1983
Burnett et al. 1996 LBP-specific N/R N N
Cejudo et al. 2020 LBP-specific LBP for longer than 1 week or whether they did not attend at least three days of training due Y N
to LBP within the last 12 months.
Cezarino et al. General MSK Any physical complaint sustained by a player during a soccer match or soccer training that N N
2020 results in a player being unable to take full part in future soccer training or match play (i.e.,
time-loss injury).
Cupisti et al. 2004 LBP-specific A yes response to the question "do you often have back pain?". Y N
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Dennis et al. 2005

Farahbakhsh et al.
2018
Fouasson-
Chailloux et al.
2020
Gamboa et al.
2008
Gregory et al.
2002
Grimmer and
Williams 2000
Ha et al. 2017

Harreby et al.
1999
Hickey et al. 1997

Hjelm et al. 2010

Hoskins et al. 2010

Hutchinson 1999

Iwamoto et al.
2005
lwamoto et al.
2004

General MSK

LBP-specific (in addition to neck pain)

General MSK

General MSK

General MSK

LBP-specific

LBP-specific

LBP-specific

General MSK

General MSK

LBP-specific

General MSK

LBP-specific

LBP-specific

“Injury was defined as a condition that affected availability for team selection, limited
performance during a match, or required surgery. Minor injuries which only affected
participation in training sessions were not examined in this study.”

Pain between the lowest rib bone and the lower gluteal fold which would limit the athlete's
daily or sports activities more than one day.

A physical complaint reported by a player about an injury occurring during competition or
training and requiring medical attention.

“An injury was considered to have occurred when a dancer sought at least One treatment
session from a physical therapist™.
Only injuries occurring during bowling were recorded in incidence data. Injuries not severe
enough to impair bowling performance were not included.
N/R

N/R

“LBP was defined as pain in the lower back and was illustrated by a text and drawing at the
front of the questionnaire”.
An injury was defined as any injury examined by the medical practitioners of the AIS Sports
Medicine Department.

Injury defined as when it was impossible for the player to participate fully in regular tennis
training or matches during at least One occasion. Injury to the lumbar spine was defined as
low back pain.

To assist with answering the questions a diagram of a mannequin that defined the anatomical
boundaries of the low back as a shaded area between the last ribs and the gluteal folds was
provided. For the purposes of this survey the shaded area represented the low back and
subjects were told to focus only on LBP and not other sources of pain.

Injury defined as those that required an evaluation from a physician.

LBP defined as "non-traumatic back pain that resulted in stopping playing rugby completely
for at least one day".
LBP defined as nontraumatic low back pain if it resulted in the subject not playing football for
at least one day.
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Kaldau et al. 2021

Kamada et al.
2016
Kikuchi et al. 2019

Kountouris et al.
2012
Kujala et al. 1997
a
Kujala et al. 1997
b
Kujala et al. 1997
c
Kujala et al. 1997
d
Lee et al. 2020

Legault et al.
2015
Linek et al. 2018

McMeeken et al.
2001
Mizoguchi et al.
2019
Mogenson et al.
2007

General MSK

General MSK

LBP-specific

LBP-specific

LBP-specific

LBP-specific

LBP-specific

LBP-specific

General MSK

General MSK

LBP-specific

LBP-specific

LBP-specific

LBP-specific

Current musculoskeletal symptoms defined as experiencing pain or stiffness in most of the
last 30 days prior to competing at the World Junior Badminton Championships.
Students were considered to suffer from musculoskeletal pain if pain was present recently at
least several times a week in at least one part of the body.

Answering yes to the question “Do you have any pain in your lower back now?”.

N/R
LBP interfering with schoolwork or leisure activities during the last 12 months.
LBP limiting schoolwork or leisure time activities been limited during the past 12 months.
LBP interfering with schoolwork or leisure activities for at least a one-week period.
LBP interfering with schoolwork or leisure activities for at least a one-week period.

An injury was defined as a physical complaint reported by a player experienced during a
soccer match or training and included the following two factors: (1) a “medical attention”
injury was defined as an injury that required a player to receive medical attention and (2) a

“time loss” injury was considered an injury that rendered a player unable to participate in full
training or a match.
N/R

LBP was defined as a pain between the last rib and lower gluteal fold, which is bad enough to
limit or change athletes’ daily routine or sports activities for more than 1 day.
Back pain defined as "back pain or pain, you think comes from your back" lasting more than
two days in the last year.
Pain or discomfort in the low-back region, within the region between the lowest rib and the
buttocks, however no definition provided in questionnaire
“Back problems were defined as the 1-month prevalence (pain reported on the day of the
study, in the week, or in the month preceding the interview) specifically for any area of the
spine (low back, mid back or neck)”.
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Mueller et al. 2016
Miiller et al. 2017
Muntaner-Mas et

al. 2018
Ng et al. 2014
Noll et al. 2016
O'Connor et al.
2016
Ogon et al. 2001
Palmer-Green et
al. 2015

Rossi et al. 2018 a

Rossi et al. 2018 b
Peterhans et al.
2020

Rossi et al. 2018 ¢

Rossi et al. 2016

Sato et al. 2011

Schmidt et al. 2014

LBP-specific

LBP-specific

LBP-specific

LBP-specific

LBP-specific

General MSK/injury surveillance

LBP-specific

General MSK/injury surveillance

LBP-specific

LBP-specific

LBP-specific

LBP-specific

LBP-specific

LBP-specific

LBP-specific

“Acute pain present at the time of answering the questionnaire and/or during the 7 days prior
to the examination”. Faces 3-5 on face pain scale considered pain.
"Acute pain present at the time of answering the questionnaire and/or during the 7 days prior
to examination”. Faces 3 to 5 on the face pain scale considered pain
LBP defined as "pain or discomfort in the low back region, from the lower rib curvature to the
lower part of the seat region".
LBP defined as pain located between L1 and gluteal folds.

N/R

Injury was defined as any injury sustained during competition or training resulting in
restricted performance or time lost from play.
N/R

Consistent with the 2007 International Rugby Board consensus statement. Any injury that
prevents a player from taking a full part in all training and match play activities typically
planned for that day for a period of greater than 24 hours from midnight at the end of the day
the injury was sustained.

LBP defined as “ache, pain, or discomfort of lumbar region with or without radiation to one or
both legs”.

LBP was defined as "ache, pain or discomfort of lumbar region with or without radiation to
one or both legs (sciatica)".

N/R

Pain in the upper and/or lower back area that prevented the player from fully participating in
the team training and playing during the following 24 hours.
LBP was defined as “an ache, pain, or discomfort of the lumbar region with or without
radiation to one or both legs (sciatica)”.
Definition depended on participant judgement.

N/R
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Schoeb et al. 2020

Sekiguchi et al.
2018 a
Sekiguchi et al.
2018 b
Shah et al. 2015

Shimozaki et al.
2018
Skoffer and
Foldspang 2008
Smoljanovic et al.
2009
Smyth et al. 2020
Sogi et al. 2018
Sommerfield et al.
2020
Son et al. 2020
Steffen et al. 2020

Sugimoto et al.
2020

Sundell et al. 2019

Swain et al. 2018 b

General MSK

LBP-specific and knee pain and upper

extremity pain
LBP and knee pain

LBP-specific

LBP-specific

LBP-specific

General MSK

General MSK

General MSK

General MSK

General MSK

General MSK

LBP-specific

LBP-specific

LBP-specific

N/R
A yes response to the question, “Do you have low back pain?”.
A positive answer to "Do you have lower back pain?" was considered LBP.

An injury was defined as an absence from participating in full training and matches for 48
hours or longer.

“Participant was unable to practice weightlifting for more than a week due to the pain.
Practice was stopped if the slightest pain was present and restarted when the pain runs out™.
LBP defined as "pain or discomfort in the low back region, from the lower rib curvature to the
lower part of the seat region” Shown in a drawing in the questionnaire. Menstrual pain
excluded
All injuries classified by loss of training time if present.

Concurrent Injury Definitions Concept Framework (ID+)23 definitions were utilised.

“Do you have pain in any parts of your body now? If yes, please check the following parts”
(multiple choices were allowed). Anatomical areas indicated by a drawing.
Injuries were defined as any physical problem affecting training or competition in the
previous week.
N/R

Injuries included musculoskeletal complaints, concussions and other non-musculoskeletal
trauma, such as dental injuries.
‘Have you had any of the following diagnoses by a healthcare professional?’ Muscular spine
pain, stress fracture, spondylolysis, spondylolisthesis, disc protrusion/herniated disc, sciatica,
and spinal cord injury.
LBP- ache or pain in the lowest part of the back.

"In the past month, have you had pain in your lower back?" accompanied by a diagram of the
posterior aspect of the body, highlighting the region between the lower margin of the 12th ribs
and the gluteal folds.
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Swain et al. 2018 a

Sweeney et al.
2019
Thoreson et al.
2017
Van Hilst et al.
2015
Vanti et al. 2010

Yabe et al. 2020 a

Yabe et al. 2020 1a

Yabe et al. 2020 b

Yabe et al. 2020 ¢

Zaina et al. 2016

LBP-specific

LBP-specific

LBP-specific

LBP-specific

LBP-specific

LBP and lower extremity pain

LBP and upper extremity pain

LBP and lower extremity pain

LBP and general MSK

LBP-specific

"Have you ever experienced pain in your lower back?" accompanied by a diagram of the
posterior aspect of the body, highlighting the region between the lower margin of the 12th ribs
and the gluteal folds.

N/R

Back pain defined as present or previous pain in the thoraco-lumbar back.

LBP defined as ache, pain or discomfort in the region of the lower back whether or not it
extends from there to One or both legs (sciatica). Indicated with a shaded picture.

"In order to define back pain, the following questions were used: 'Have you ever had a
backache and with what frequency?' and 'how would you rate your usual pain in a scale from
0 to 107"

Do you have pain in any parts of your body now? If yes, please mark the parts where you
have pain with a circle (multiple answers were allowed).

The participants who checked lower back, shoulder, or elbow were considered to have LBP,
shoulder pain, or elbow pain, respectively.

“Do you have pain in any parts of your body? If yes, please check the parts you have pain”.
Body parts, including the head, lower back, and each joint, were illustrated by a drawing.
“Do you have pain in any parts of your body now? The body parts and names were illustrated
using a drawing, and participants who checked lower back were considered to have LBP.
N/R
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2.3.4 Methodological assessment

Of the included studies, 33 studies (reported in 42 papers) %8 106118 177181 186 189 195 196 199-201
204236 scored above 65% on the quality appraisal tool, indicating high quality (Table 2-3).
Only 16 studies (reported in 20 papers) described reasons for non-response or compared
the Sample and target populationl73 182 188 195 196 204 205 209 211-217 224 230 232 237 238, although thiS
criterion was only applicable to 63 studies. Of the five studies that included interviews,
one used a validated, reproducible, or adequately described interview format?'’. Of the 13
studies that included a clinical examination, four used a validated, reproducible, or
adequately described examination method!78 188191223 g ch as the use of a standardised pro
forma for injury reporting. Only 38 studies had a precise anatomic location of back pain or

reference to an easily attainable article that contained a precise location® 118 181 183 187189 200

201 205-211 213-219 221 222 224 225 227-232 234-236 239-241

73



Table 2-3: Methodological quality assessment.

Author Date 1 2 3 4 5 6 7 8 9 10 11 12 SCORE
(%)

Abe et al. 2017 + - + - + + + NA NA + + - 70.0
Alricsson and Werner 2006 - - + + + + + NA NA + + + 80.0
Alricsson and Werner 2005 + + + + + + + NA NA + + + 100.0
Auvinen et al. 2008 + - A - + + - NA NA + - + 60.0
Balague et al. 1988 - - + + - - + NA NA + + + 60.0
Balague et al. 1994 + - + + - - + NA NA + + + 70.0
Bayne et al. 2016 - NA + + + + NA - NA - + + 66.7
Brown and Kimball 1983 + - + - + + aF NA NA + + - 70.0
Burnett et al. 1996 - NA NA + + + NA - NA - - - 375
Cejudo et al. 2020 - - - + i i - NA i - + + 54.5
Cezarino et al. 2020 + NA NA - - - - NA NA - - + 25.0
Cupisti et al. 2004 - + NA A i i - NA NA + + - 66.7
Dennis et al. 2005 - NA NA - + + NA NA NA - - - 28.6
Farahbakhsh et al. 2018 + - & + + + + NA NA + + + 90.0
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Fouasson-Chailloux
et al.

Gamboa et al.
Gregory et al.
Grimmer and
Williams

Ha et al.
Harreby et al.
Hickey et al.
Hjelm et al.
Hoskins et al.
Hutchinson
Iwamoto et al.
Iwamoto et al.
Kaldau et al.
Kamada et al.

Kikuchi et al.

Kountouris et al.

2020

2008

2002

2000

2017

1999

1997

2010

2010

1999

2005

2004

2021

2016

2019

2012

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

75

37.5

42.9

40.0

40.0

37.5

80.0

37.5

60.0

70.0

50.0

50.0

50.0

70.0

70.0

30.0

40.0



Kujala et al. 1997 a

Kujala et al. 1997 b

Kujala et al. 1997 ¢

Kujala et al. 1997 d

Lee et al.

Legault et al.

Linek et al.

McMeekan et al.

Mizoguchi et al.

Mogenson et al.

Mueller et al.

Miiller et al.

Muntaner-Mas et al.

Ng et al.

Noll et al.

O'Connor et al.

1992

1994

1996

1997

2020

2015

2018

2001

2019

2007

2016

2017

2018

2014

2016

2016

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

76

70.0

80.0

80.0

80.0

70.0

90.0

30.0

70.0

50.0

80.0

66.7

60.0

80.0

88.9

70.0

50.0



Ogon et al.

Palmer-Green et al.

Peterhans et al.
Rossi et al. 2018 a
Rossi et al. 2018 b
Rossi et al. 2018 ¢
Rossi et al.

Sato et al.
Schmidt et al.
Schoeb et al.
Sekiguchi et al. a
Sekiguchi et al. b
Shah et al.
Shimozaki et al.
Skoffer and

Foldspang
Smoljanovic et al.

2001

2015

2020

2014

2016

2018

2016

2011

2014

2020

2018

2019

2014

2018

2008

2009

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

77

63.6

44.4

72.7

70.0

80.0

80.0

100.0

70.0

77.8

60.0

50.0

60.0

50.0

33.3

70.0

54.5



Smyth et al.

Sogi et al.

Sommerfield et al.

Son et al.

Steffen et al.

Sugimoto et al.

Sundell et al.

Swain et al. 2018 a

Swain et al. 2018 b

Sweeney et al.

Thoreson et al.

van Hilst et al. 2015

Vanti et al.

Yabe et al. 2020 a

Yabe et al. 2020 1a

Yabe et al. 2020 b

2020

2018

2020

2020

2020

2020

2019

2018

2017

2019

2017

2015

2010

2020

2020

2020

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

78

50.0

66.7

60.0

62.5

62.5

20.0

90.0

70.0

70.0

40.0

90.0

80.0

50.0

70.0

70.0

70.0



Yabe et al. 2020 ¢ 2020 + - + + + + - NA NA + - + 70.0

Zaina et al. 2016 + + + + + + + NA NA - + + 90.0
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2.3.5 Included sports

Soccer was included in 13 Studiesl?S 179 181 186 187 191 197 202 212-215 217 227 231 2341 while 10

studies included prevalence estimates for gymnastics!18 122172173 195202 209 217 227238

Skiin9205 206 223 230 242 2431 vol Ieybal |173 181 202 207 235 2411 SWimmin9118 173 202 207 217 227

basketbal|173 181 189199210232 ‘and martial artst’s 202217227 236 244 \yere jnvestigated in six
studies each. This review does not include a meta-analysis of incidence or prevalence rates
categorised by sport. Sports cannot be compared closely in this review due to
methodological heterogeneity, including differing recall periods, definitions, and quality,
however some general patterns were noted in studies reporting on specific sports. Soccer'8®
187191197 234 and martial arts?3® 244 reported generally lower levels of LBP, whereas ballet??

229 gymnastics?21722%8 and rowing!®* 2° reported generally higher levels of LBP.

2.3.6 Cohort study design

Of 31 studies with a cohort study design, only nine were high quality (30%). Twenty-nine
studies reported incidence of LBP. More than one study reported on three incidence time
periods: six-month (n=4), 12-month (n=4), and two-year (n=2). Only three of these 10
studies were high quality. Since there were so few, both high- and low-quality studies were
synthesized for meta-analyses.

2.3.6.1 Incidence estimates of low back pain in adolescent athletes

The pooled incidence estimate of four studies reporting six-month incidence was 14%
(95% CI 7 to 22, 12 76%) (Figure 2-3)77 180182187 "1 the meta-regression analysis,
methodological quality had a significant effect on the heterogeneity between studies
(p=0.003) and accounted for 100% of observed heterogeneity (Appendix 2-5). Of note,
there was only one high quality study of cohort design reporting six-month incidence

(36%)"77.
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Figure 2-3: Forest (left) and funnel (right) plot of weighted pooled means of studies reporting six-month
incidence of LBP.

The pooled incidence estimate of four studies reporting 12-month incidence was 36%

(95% ClI 4-68%, 12 99.3%) (Figure 2-4)'84185215244 "1 the meta-regression analysis, LBP
definition and methodological quality had a significant effect on heterogeneity (p<0.0001
for both) and accounted for 99.98% of the high heterogeneity between studies (Appendix
2-5). Of note, there was only one high quality study of cohort design reporting 12-month

incidence (10.4%)%.

920 -
Iwamoto et al. 2004 L 0.63 [0.60, 0.66]
lwamoto et al. 2005 —.— 0.66 [0.61, 0.71] 690
@
Kujala et al. 1997 b —— 0.10[0.04, 0.17] @
2 480
Son et al. 2020 - 0.06[0.03,008 &
w -
230 .
RE Model e ——— 0.36 [0.04, 0.68] -
0 -
I* = 99.3%, Q(df 3) = 189, T T T
P <0001 0 02 04 06 08 05 0.55 0.6 0.65

Propertion logit transformed proportion

Figure 2-4: Forest (left) and funnel (right) plot of weighted pooled means of studies reporting 12-month
incidence of LBP.

The pooled incidence estimate of two studies reporting two-year incidence was 11% (95%
CI 8.0-13, 1 0%) (Figure 2-5)%%2242, Because of the low heterogeneity and low number of
studies, meta-regression could not be conducted. Of note, there was only one high quality

study of cohort design reporting two-year incidence (10%)2%.
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Figure 2-5: Forest (left) and funnel (right) plot of weighted pooled means of studies reporting two-year
incidence of LBP.

2.3.6.2 Risk factors for low back pain in cohort studies
One study of cohort design reported sport volume or intensity as a risk factor for pain or

injury. In this study, injured cricket bowlers participated in sport more frequently than non-

injured, although this did not separate by type of injury*€.

2.3.7 Cross-sectional study design

Of 49 studies with a cross-sectional design, 36 were high quality (73%). Of these, 30 were
included in meta-analyses of high-quality studies reporting lifetime prevalence (n=18), 12-

month prevalence (n=8), three-month prevalence (n=4), and point prevalence (n=15).

2.3.7.1 Lifetime prevalence
Lifetime prevalence in adolescent athletes was reported in 19 studies®® 173 181 195 196 204 207-209

211218219 222224 225227228230 cymulative lifetime prevalence in these studies ranged from
9.6%*°¢ to 91.9%2'1. The pooled lifetime prevalence estimate of 18 high quality studies
was 50%, (95% Cl 39-60, i2 995%)98 173 195 196 204 207-209 211 218 219 222 224 225 227 228 230 237. The
12 value for these studies was 99.5%, indicating considerable heterogeneity in the results.
Meta-regression was conducted including the factors LBP definition, number of
participants, sport, sex, and data collection method. None of these factors had a statistically

significant effect on heterogeneity. The factors included in the meta-regression analysis did
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not account for any heterogeneity, and the test for residual heterogeneity was significant

(p<.0001) (Appendix 2-5).

2.3.7.2 12-month prevalence
12-month prevalence was reported by 12 studies (reported in 13 papers) and ranged from

14.6%181 to 64%122 172 178 181 195 222 225 227 228 231 241. The pooled 12-month prevalence

estimate of eight high quality studies was 42%, 95% CI 29-55, 12 96.6% (Figure 2-6)81 1%

212 222 223 225 228 231
Farahbakhsh et al. 2018 - 0.27[0.23, 0.32) 500
Kujala et al. 1997 a —— 0.23[0.15, 0.31]
McMeekan et al. 2001 —.— 0.37[0.30, 0.44] 375 .
Rossi etal. 2018 b .- 053 [0.48, 0.58) °
Peterhans et al. 2020 —a— 0.16[0.09, 0.24] @
Schmidt et al. 2014 —.— 0.57 [0.51, 0.63] 4 250
Swain et al, 2017 a —— 0,64 [0.55, 0.73) § . .
Van Hilst et al. 2015 —— 0.60[0.53, 0.67)
125 . . —

RE Model — 0.42[0.29, 0.55]
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P < .0001 0.52 0.55 0.57 06 062 065 0.67
Proportion

logit transformed proportion

Figure 2-6: Forest (left) and funnel (right) plot of weighted pooled means of studies reporting 12-month
prevalence of LBP.

Meta-regression was conducting using the factors LBP definition, number of participants,
sport, sex, and data collection method. None of these factors were statistically significant.
The factors included in the meta-regression analysis did not account for any heterogeneity,

and the test for residual heterogeneity was significant (p<.0001) (Appendix 2-5).

2.3.7.3 Three-month prevalence
Overall three-month prevalence was reported in 4 studies and ranged from 43.7%2% to

51.3%!8. The pooled three-month prevalence estimate of four high-quality studies was
46%, 95% CI 41.0-52, 1= 56%, (Figure 2-7)18205220228 \jeta- regression was conducted
using LBP definition. Variation in LBP definition had a statistically significant effect on
heterogeneity (p=0.01) and accounted for 100% of the moderate heterogeneity among

these studies.
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Figure 2-7: Forest (left) and funnel (right) plot of weighted pooled means of studies reporting three-month
prevalence of LBP.

2.3.7.4 Point prevalence

Point prevalence was reported by 18 studies (reported in 22 papers)8t 196200 201203 210218 219

222224-228 230 232-236 245246 ' Qyerall point prevalence ranged from 3.2% 23* to 86%*7%. The
pooled point prevalence estimate of 15 high quality studies (reported in 13 papers) was

16%, 95% CI 9-23, 1= 98.3% (Figure 2-8).
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Figure 2-8: Forest (left) and funnel (right) plot of weighted pooled means of studies reporting three-month
prevalence of LBP.

Meta-regression was performed using the factors LBP definition, number of participants,

sport, sex, and outcome. Sport (p<.0001) and number of participants (p=0.02) had a

statistically significant effect on heterogeneity. The amount of heterogeneity accounted for

was 45.9%, leaving an unaccounted-for heterogeneity level of 27.0%.
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2.3.7.5 Other recall periods
Other recall periods were used to report prevalence in five studies, including two week?*’,

one month?!’ 22 six month prevalence?*® 2*°, and eleven month prevalence®®, Further

details of reported incidence, prevalence, and risk factors can be found in Table 2-4.
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Table 2-4: Prevalence or incidence and risk factors.

Author, year of Sport Percentage of Prevalence or incidence Percentage Associated factors
publication athletes with LBP and time period of control
group with
LBP
Ogon et al. 2001 Alpine skiing 12.5% Two-year incidence N/A Severe anterior lesions
Peterhans et al. Alpine skiing 16.5% 12-month prevalence N/A N/R
2020
Schoeb et al. 2020 Alpine skiing 8.5% Other prevalence (two N/A - Female gender
week) - Older age (U15)
Hoskins et al. 2010 Australian Rules football 91.9% Lifetime prevalence 7-34% Elite participation in Australian Rules football
Kaldau et al. 2021 Badminton 19.4% Other prevalence (one N/A N/R
month)
Gamboa et al. 2008 Ballet 9.4% Other prevalence N/A - Higher current disability scores
- History of LBP
- Foot pronation on the right
- Insufficient ankle plantarflexion
- Less lower extremity strength
Swain et al. 2018 (a) Ballet 1.73.6% 1. Lifetime prevalence N/A Dance participation
2.63.6% 2. 12-month prevalence
3.46.4% 3. Three-month prevalence
4.23.6% 4. Point prevalence
Swain et al. 2018 (b) Ballet 78% Nine-month incidence N/A Dance participation
Haet al. 2017 Baseball 1. 58.9% 1. Lifetime prevalence N/A - Baseball
2.37.5% 2. Point prevalence - Peak height velocity
- Age
Sekiguchi et al. 2018 Baseball 8.4% Point prevalence N/A Elbow and/or shoulder pain

(@)
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Sekiguchi et al. 2018
(b)
Yabe et al. 2020 1a
Hickey et al. 1997

Yabe et al. 2020 a

Rossi et al. 2018 (b)

Rossi et al. 2018 (c)

Rossi et al. 2018 (a)

Bayne et al. 2016

Burnett et al. 1996

Dennis et al. 2005

Gregory et al. 2002

Kountouris et al.
2012
Alricsson and
Werner 2005
Alricsson and
Werner 2006
McMeekan et al.
2001

Baseball
Basketball
Basketball
Basketball

Basketball and floorball

Basketball and floorball
Basketball, floorball, ice hockey, and volleyball

Cricket

Cricket
Cricket
Cricket
Cricket
Cross country skiing
Cross country skiing

Dance and gymnastics

8.4%

12.9%

37.5%

12.8%

1.54.9%

2.52.9%

3.23.7%

13%

54.9%

36%

58%

52%

10.7%

44.7%

44.2%

46.6%

1.54.1%
2.37%

Point prevalence
Point prevalence
6-year period prevalence
Point prevalence
1. Lifetime prevalence
2. 12-month prevalence
3. Point prevalence
1-3 year follow up,
incidence

12-month prevalence

Six-month incidence

2.7-year incidence

Six-month incidence

Six-month incidence

One season incidence

Three-month prevalence

Three-month prevalence

1. Lifetime prevalence
2. 12-month prevalence

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/R

N/A

1. 47.6%
2.32.3%

Knee pain
Upper extremity pain including shoulder

- Weight/strength training

- Elite level

- Knee pain

- Ankle pain

- Older age

- Family history of musculoskeletal symptoms

N/R

- Family hx of LBP

- Higher age

- Incorrect technique

- Trunk and hip muscle weakness

- Inadequate workload management

- Mixed bowling technique over an extended period.
(Versus front-on or side-on)

High bowling workload

Fast bowling

Higher BMI

- Prolonged back flexion

- Weakness in back muscles

- No regular participation in sports or other physical

activities other than cross country skiing
Total activity hours (over 30 per week)
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Cejudo et al. 2020

Van Hilst et al. 2015

Sugimoto et al. 2020

Iwamoto et al. 2004

O’Connor et al.

2015

Cupisti et al. 2004

Hutchinson 1999a

Hutchinson 1999b

Sweeney et al. 2019

Vanti et al. 2010

Yabe et al. 2020
c
Thoreson et al. 2017
Kikuchi et al. 2019

Legault et al. 2015

Equestrian sports

Field hockey, football (soccer), speed skating

Figure skating

American football

Gaelic football

Hurling

Gymnastics

Gymnastics

Gymnastics

Gymnastics

Gymnastics

Martial arts

Mogul skiing

Multiple

Multiple

42.1%

60%

25%

62.9%

5% Gaelic injuries

22% hurling injuries

10.4%

86%

23.9%

45%

1. 46%

2.26%

4.8%

50%

6.6%

35.8%

12-month prevalence

12-month prevalence

Lifetime prevalence

12-month incidence

Incidence

Lifetime prevalence

Point prevalence

12-month prevalence

12-month prevalence

1. Lifetime prevalence low

level LBP

2. Lifetime prevalence
medium/high level LBP

Point prevalence

Lifetime prevalence

Point prevalence

Six-month prevalence

N/A

N/A

N/A

N/A

N/A

26%

N/A

N/A

N/A

1. 60%

2. 36%

N/A

42%

6.5%

45.4%

- High body fat percentage

- Trunk lateral flexor endurance lower than 65 seconds
- Pilates

- Training hours

- More time spent warming up

-Independent association between chronological age
and low back injury

- Spondylolysis (radiological risk factor)

- Disk space narrowing

- Spinal instability

Adolescent Gaelic games

- Being overweight

- Older (adolescent) age
- Smoking

Rhythmic gymnastics

N/R

Menarche

- Female gender

- Sedentary lifestyle

- Psychosocial risk factors

- Parents/siblings with LBP

- Older age

- Lower extremity pain

Mogul skiing (exposed to different high loads)

- Female gender

- Extracurricular sports
Female gender
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Schmidt et al. 2014

Rossi et al. 2016

Miiller et al. 2017

Mogenson et al.
2007

Sommerfield et al.
2020

Steffen et al. 2020

Multiple
31 sports. The following had more than ten
athletes: volleyball, biathlon, swimming, canoe
racing, tobagganing, alpine skiing, short track,
canoe slalom, ice skating, figure skating, rowing
Multiple
Included: basketball, cross-country skiing,
floorball, football, gymnastics, ice hockey,
orienteering, skating, swimming, track and field

Multiple
Included: Boxing, soccer, artistic gymnastics,
weightlifting, handball, judo, canoeing,
track&field, modern pentathlon, cycling, horse
riding, wrestling, rowing, swimming, shooting,
triathlon, volleyball
Multiple
Included: Jump gymnastics, rhythmic
gymnastics, soccer, other ball games,
swimming, badminton/tennis, horseback riding,
running, cycling, roller skating/skateboarding,
martial arts, other
Multiple
Included: Netball, soccer, field hockey, lacrosse,
swimming, athletics, badminton, rowing
Multiple
Included: rugby, boxing, badminton, gymnastics
artistic, cycling, wrestling, futsal, judo, beach
volleyball, weightlifting, hickey 5s, basketball
3x3, diving, athletics, tennis, triathlon,
taekwondo, fencing, beach handball, karate,
trampoline, sailing, gymnastics rhythmic,
modern pentathlon, gymnastics acrobatic, break

1. 65.8%
2.57%
3. 14.3%

1. 56.4%

2.23.2%

8%

58.4%

7.5%

6.9%

1. Lifetime prevalence
2. 12-month prevalence
3. Paint prevalence

1. Lifetime
prevalence
2. Point prevalence

Point prevalence

One-month prevalence

30-week incidence

12-day incidence

N/A

1.54.5%
non-sports
club
members

N/A

39%

N/A

N/A

Competitive sport participation

Higher screen time during leisure time

- Older adolescent age
- Sports with repetitive translation, reclination and
rotation (like judo, wrestling, rowing and canoeing)

- Martial arts
- Roller skating/skateboarding
- Horseback riding

N/R

N/R
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dancing, canoeing, golf, shooting, table tennis,
swimming, archery, roller speedskating,
equestrian, climbing, rowing, kitesurfing, BMX

freestyle
Sundell et al. 2019 Multiple 44.2% 12-month prevalence 1.46.2 - Female gender
Included: soccer, floorball, strength training, ice overall - Sport activity (especially lasting more than 6 hours pe
hockey, aerobics, judo sports, swimming, (athletes and  week)
equestrian, athletics, gymnastics non-athletes)
2.42.4
overall
(athletes and
non-athletes)
Skoffer and Multiple 51.3% Three-month prevalence N/ - Jogging
Foldspang 2008 Included: soccer, jogging, biking, dance, - Handball
handball, badminton, swimming, fighting, - Gymnastics
basketball, gymnastics, riding, scouting, golf, - Riding
tennis, table tennis, shooting, other
Noll et al. 2016 Multiple 43.7% Three-month prevalence N/A - Overweight/obesity
Included: volleyball, basketball, handball, - Psychosocial variables
soccer - Posture
- Smoking
- Lumbar force
Abe et al. 2017 Multiple 12.4% Point prevalence N/A - Regular player
Teams sports (Baseball, softball, basketball, - Fewer teammates
soccer, volleyball, other)
Grimmer and Multiple (not specified) 11% Two-week prevalence N/R - Time spent sitting
Williams 2000 - Carrying heavy loads
- Increased participation in sport for the youngest
students
Harreby et al. 1999 Multiple (not specified) 53% One-month prevalence 30.6% - Female gender
males in high level sport overall - Daily smoking

- Heavy job in leisure time

90



Balague et al. 1988 Multiple (population- based) 35.6% Lifetime prevalence 33% - Time spent watching TV

Included: soccer, skiing, gymnastics, swimming, - Smoking
bodybuilding, volleyball, aerobics - Competitive sports
Balague et. al 1994 Multiple (population-based) 18% Lifetime prevalence 20% - Age
Included: tennis, volleyball, cycling, skiing, - Gender (female)
gymnastics, soccer and swimming - Parent LBP

- Sports activities
- Time spent watching TV
Auvinen et al. 2008 Multiple (population-based) 4.7% Six-month prevalence 44% female - Participation in One single risk sport vs multiple
Included: walking, jogging, cycling, cross- 33% male  sports
country skiing, swimming, soccer, ice hockey,
floorball, rinkball or bandy, Finnish baseball,
basketball, volleyball, ice-skating, figure
skating, track and field, horseback riding,
aerobics, gymnastics, dancing, gym training,
downhill skiing or snowboarding, roller-skating
or skateboarding, badminton, tennis,
orienteering running, judo or karate or
wrestling, and golf.
Mueller et al. 2016 Multiple 10% Two-year incidence N/A Game sports

Combat sports
(boxing, karate, judo, wrestling)

Game sports
(soccer, handball, volleyball)

Explosive strength sports (Bob, artistic
gymnastics, weightlifting, athletics track&field,

modern pentathlon

Endurance sports with strength component
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Kujala et al. 1992
(©)

Kujala et al. 1992
(d)

Muntaner-Mas et al.

2018

Farahbakhsh et al.
2018

Sato et al. 2011

Kamada et al. 2016

Kujala et al. 1992
(@)

Kujala et al. 1992
(b)

(canoeing, cycling, horse riding, rowing,
swimming, shooting, triathlon)
Multiple
Ice hockey, soccer, ice skating, gymnastics
Multiple
Ice hockey, soccer, ice skating, gymnastics
Multiple
Included: football, basketball, swimming,
cycling, tennis, rhythmic gymnastics, futsal,
athletics, volleyball, martial arts, handball, and
others
Multiple
Included: football, volleyball, basketball,
wrestling and other (which meant gymnastics,
fitness, shooting, track and field, and swimming
Multiple
Included: swimming, basketball, soccer,
baseball, tennis, wind-instrument music, table
tennis, volleyball, athletics, kendo, karate,
badminton, ballet, dance, judo, gymnastics, golf,
dodgeball, rugby, sumo wrestling and wrestling,
archery
Multiple
Included: track and field, soft tennis, table
tennis, badminton, Kendo, Judo, Karate,
swimming, baseball, softball, basketball, soccer,
volleyball, other
Multiple
Soccer, ice hockey, gymnastics, ballet
Multiple
Soccer, ice hockey, gymnastics, figure skating,
ballet

45%

45%

1. 66.8%
2.13.9%

1.42%
2.27T%
3. 14.6%

34.9%

11.6%

23%

10.4%

3-year follow up 18%
3-year follow up 18%
1. Lifetime prevalence 1. 66.2%
2. Point prevalence
1. Lifetime prevalence N/A
2. 12-month prevalence
3. Point prevalence
Lifetime prevalence 32.1%
Point prevalence 27.4%
12-month prevalence 21%
12-month incidence 24%

Sports which have low back injury risk

- Low maximal lumbar extension
- repetitive lumbar extension

- Female gender

- overweight/obesity

Playing basketball

Sports participation

Participation in organized sport

Tightness of hip flexor muscles

Individual sports (figure skating and gymnastics)
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Smyth et al. 2020
Brown and Kimball

1983
Ng et al. 2014

Smoljanovic et al.
2009
lwamoto et al. 2005

Palmer-Green et al.
2015

Cezarino et al. 2020
Fouasson-Chailloux
et al. 2020
Lee et al. 2020

Linek et al. 2018

Shah et al. 2014

Sogi et al. 2018

Son et al. 2020

Hjelm et al. 2010

Zaina et al. 2016

Netball

Powerlifting

Rowing

Rowing

Rugby

Rugby

Soccer

Soccer

Soccer

Soccer

Soccer

Soccer

Taekwondo

Tennis

Tennis

9.7%

50%

1. 83.5%
2.57%

32.3%
66%

19.4% (trunk)
0.07-0.57 per 1000
player-hours
3.2%

6.5%

4.1%

9.3%

1.5%

3.2%

5.05%

21%

53%

Six-day incidence

Point prevalence

1. Lifetime prevalence
2. Point prevalence

One-season incidence

12-month incidence

2-season incidence

One-season incidence

5-year incidence

One season prevalence

Six-month incidence

Eight-season incidence

Point prevalence

Point prevalence

Two-year incidence

Lifetime prevalence

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/R

N/R

Powerlifting

- Ergometer rowing

- Long rowing sessions

- Sweep rowing

Cross training

Spondylolysis (radiological risk factor)
Lower level of play in rugby

- Older age group

- Match vs training

N/R

N/R

Asymmetry in Ol (obliguus internus) measurement
- Second half of first half of match

- Contact with other players

- After breaks

Knee pain

N/R

Female sex

N/R
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Mizoguchi et al.
2019
Yabe et al. 2020 b

Shimozaki et al.
2018

Volleyball

Volleyball

Weightlifting

48%

9.5%

25%

12-month prevalence

Point prevalence

Three-year incidence

N/A - Ankle injury within the past year

- Years of participation in volleyball
N/A - Knee pain

- Ankle pain
N/A N/R
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2.3.8 Interpretation of funnel plots

There were outlying studies throughout the funnel plots. There was no clear explanation

for many of these outliers. Variation in report incidence and prevalence is likely to reflect

inconsistencies in methodological design, in particular, variance in definitions, sample size,

and method of recruitment.

Figure 2-3: There is one outlier in this funnel plot which reported a higher
incidence proportion. The remaining three studies are clustered around the midline.
The outlier had 50% lower study numbers than the other three. All studies had
similar definitions of injury. It is not possible to comment if there was recruitment
bias in the outlying study.

Figure 2-4: In this funnel plot, there are two extremes. Two studies reported high
incidence proportions, and two reported low incidence proportions. One study also
had a higher sample size than the other three studies. There was a large range in
sample sizes in these studies. There were varying definitions in the included studies
(see Table 2-2).

Figure 2-5: There were also two extremes in this study, with one study reporting a
higher incidence proportion. The study reporting a lower incidence proportion had
a higher sample size. There were varying definitions in these two studies which
could result in different reported incidences (see Table 2-2).

Figure 2-6: This funnel plot is well distributed, with four studies below the midline
and four above. There was a large range in reported prevalence in these studies.

Varying definitions of LBP were used in included studies (see Table 2-2).
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e Figure 2-7: There is one outlier in this funnel plot. This study reported a higher
sample size and a higher prevalence than the remaining three studies.

e Figure 2-8: This funnel plot is well distributed. Most points are clustered around
the midline. There is one study which reported a higher prevalence, which is an
outlier on this funnel plot. This study was LBP-specific, which could possibly

result in recruitment bias.

2.3.9 Risk factors for low back pain in cross-sectional studies

In eight studies that compared athletes to a non-sport group, sport participation was
identified as a risk factor for developing LBP1!8172173225227230240248 ' Some studies
identified risk associated with certain sports, such as basketball*®!, jogging*®, handball*8,

and gymnastics!8 172,

A further nine studies (reported in ten papers) reported sport volume or intensity as a risk
factor for developing LBP1%° 201207213 219225227231 247 | one study, the level of sports
exposure, measured by hours of sport participation per week, was only associated with
LBP in younger athletes?*’. In the youngest girls (mean age 12.9 + 0.5 years), 6-10 hours
per week of sport participation increased risk of LBP (unadjusted OR 5.3, 95% CI 1.2-
24.3). In the second youngest group of boys (mean age 13.8 + 0.4 years), 10+ hours of
sport participation increased risk of LBP (unadjusted OR 6.6, 95% CI 1.2-35). Finally,
another study reported that both female and male athletes participating in sport more than
six hours per week experienced higher rates of LBP than female and male athletes

participating in less than six hours of sport per week??’.

There were three high-quality cross-sectional studies that reported that concurrent lower
extremity pain was associated with LBP?322% 236 These studies adjusted for sex, age, body
mass index, team levels, number of days for training per week, number of hours in practice

per day on weekdays and weekends, frequency of participation in games, and practice
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intensity. The adjusted ORs were 6.56 (95% CI 1.57-27.3) for judo, 21.66 (95% CI 6.96-
67.41) for kendo, 11.07 (95% CI 5.64-21.71) for volleyball, and 4.25 (95%CI 2.55-7.07)

and 3.79 (95% CI 2.26 -6.36) for knee and ankle pain respectively in basketball.

Three studies reported being overweight/having a higher BMI as an associated factor?%® 28
248 In one study, the odds of developing LBP when classified as overweight was 1.4 times
higher (OR 1.4, 95% CI 1.1-1.7 [analyses adjusted by sex])?8. In another study, those who
did not report LBP had lower BMI and body weight compared to those that did report
LBP?, In the third study, overweight participants were more likely to have higher risk of
lifetime or severe LBP compared to those with normal weight (OR 1.4, 95% CI 1.1-1.7

and 1.7, 95% CI 1.2-2.5 [analyses adjusted by sex])?*®.

Older adolescent age was reported by three studies (reported in four papers) as an
associated factor?%3207221222 |n one study, the prevalence of LBP in children > 13 years old
more than doubled when compared to those aged 8-12 years?®’. Similarly, another study
found that the prevalence of LBP increased from 2-4% in those aged 11-13 years, to 12-

20% in those aged 14-17 years®®,

A group of seven studies reported female sex as a potential associated factor®® 207 216 218 227
238248 |n three studies which reported on athletic girls specifically, there was a
significantly higher prevalence of LBP in female athletes than in male athletes?'® 2 with
one study noting this especially in older grades?¢. Another study found that female sex
was associated with only severe LBP%, and female sex was associated with double the risk
of lifetime LBP in a 5" and 6™ grade primary students (OR 2.5, 95% CI 1.7-2.5 [analyses

adjusted by sex])?8 , although these did not separate athletes from non-athletes.

Three studies (reported in four papers) reported a family history of LBP or musculoskeletal
pain as an associated factor of LBP in adolescent athletes?%” 221222238 - Those with parents
who were treated for LBP had twice as much chance of LBP in one study (adjusted OR
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1.73, adjusted for age, sex, and ‘other independent variables’, as reported by the study)?®’.

Similarly, a second study reported a doubled risk of LBP when there was a family history

of musculoskeletal disorders (OR 2.0, 95%CI 1.2 to 3.3 (adjusted by team level))???,

2.3.10 Diagnoses and morphologies associated with low back pain in adolescent athletes

Thirteen studies reported specific diagnoses relating to LBP. Spondylolysis and
spondylolisthesis were most often reported and were included in nine of the thirteen
Studiesl?Z 180 184 185 191 192 199 230 248. This was followed by Schmorl’s n0d68184 185 223 230 242
disc degeneration!92 213223249 strajnst’2 180191 ‘gping hifida occultal® 85242 end plate

changes?'3242 and scoliosis®? 24,

The most common method of imaging used to confirm diagnoses among the thirteen

studies was MR|180192213223230248249 1) ymbar radiographs/films were also used in four

StudieSZ42 249 184 185
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2.4 Discussion

The prevalence of LBP in adolescent athletes is comparable to the general adolescent
population. Although, in some studies, sports participation is associated with LBP among
adolescents in studies where an age-matched non-sporting group was available for
comparison, it is unclear from this review whether it exacerbates LBP prevalence above a

rate that is normally seen in adolescence.

2.4.1 Comparison to general adolescent population

The reported incidence and prevalence estimates of LBP in adolescent athletes range
widely. The LBP incidence and prevalence estimates for adolescent athletes are consistent
with LBP estimates in the general adolescent population. Research indicates that annual
incidence can range from 12-33%2%°, Similarly, studies show that point prevalence of LBP
in adolescents can range from 3.2%-39%77 2>, and that lifetime prevalence can range from
7-80%76 77250251 The combined weighted mean for 12-month risk as well as point and
lifetime prevalence all fall within these range. There was a wide reported range of lifetime
prevalence in this review, which may be due to limitations that occur with the use of long
recall periods. Errors in recall resulting in reporting bias may occur with longer recall
periods?22%4, Similarly, the range of lifetime prevalence in the general adolescent

population is wide.

Physical activity can be both a risk factor and preventive factor for LBP, depending on the
level of physical activity''. It is unclear from this review whether the “U-shaped” 116
relationship between physical activity and LBP found in adults is also present in
adolescents. The decrease in risk of LBP that accompanies physical activity participation
in adults was not observed in adolescent athletes, contradicting the protective findings of
physical activity on LBP in adults. While this does not consider a more nuanced view of

the level of physical activity adolescent athletes participate in, several studies in this
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review did explore level of sport workload or exposure as a risk factor for LBP!8172173181

208225227 230240246 Tnose with a higher level of sport exposure were at higher risk of LBP.

It is also possible that the rate of LBP reported in adolescent athletes is too heavily
attributed to sport. The general adolescent population does not engage in sufficient
physical activity® and still reports a high prevalence of LBP"® 77 2°1, Since it is unclear at
this point whether the prevalence of LBP increases based solely on sport engagement, the
benefits of sports likely outweigh the risk of LBP for adolescent athletes. It may be more
important to examine the causes and duration of LBP in adolescent athletes, as these may

differ from the overall adolescent population.

2.4.2 Common morphologies associated with low back pain in adolescent athletes

Like previous research in this area, spondylolysis is the morphology that appears in the
highest number of studies in this review. It is well supported that spondylolysis is most
common in adolescent athletes!?0 121124 "1t appears that the rate of spondylolysis that is
reported in adolescent athletes is greater than that of the general adolescent population. The
rate of spondylolysis reported in radiographs of those aged 12-18 has been documented as
between 5.2-6%2%°, Some studies suggest that the majority of spondylolysis is
asymptomatict?°121 2% and in adults, imaging reveals incidental asymptomatic findings of
spinal changes that are not necessarily associated with pain®>"2%, |t is possible that some
of the spondylolysis findings in adolescents are also not associated with the LBP that the
athlete is experiencing and are a normal response to high levels of loading and stress on a
developing spine in this population. MRI was the most commonly used method of
confirming diagnosis in this review, although it is not the most sensitive tool to assess
spondylolysis®!. MRI was chosen over CT scan in several included studies due to the risk
of increased radiation exposure in adolescents*® %2, From a clinical standpoint, it may be
important to assess the methods used to confirm diagnoses in adolescents and consider that

a focus on imaging may lead to over-diagnosis. Currently, a diagnosis of spondylolysis can
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lead to specific treatment methods that impact significantly on an adolescent’s life, such as

120 120 256

lumbar bracing*?°, rest from sport?®, pharmacologic pain management®®®, and surgery
Optimal diagnosis (including a better understanding between the relationship of imaging
findings and clinical presentation), treatment and management methods for spondylolysis

in this population should be better refined.

2.4.3 Comparison to adult athletes

A recent systematic review of LBP in adult athletes found a high prevalence of LBP, with
a history of LBP associated with risk of new onset!#. The onset of LBP early in life puts
adolescent athletes at higher risk for continuing LBP later in life® 8, Thus, the use of
appropriate load monitoring and education to reduce risk of a primary episode of LBP in
adolescence might mitigate future risk of LBP-related disability in adulthood. In addition,
LBP was more common in adults with high training volumes*®. This review has a similar
finding, suggesting that an emphasis on adequate load management beginning as early as

adolescence may decrease the risk of LBP in athletes of all ages.

As with adult literature!#®, there is little agreement on the definition of LBP in studies
among adolescent athletes. In the meta-regression analyses, methodological quality and
LBP definition accounted for most of the heterogeneity in studies of cohort design.
Similarly, LBP definition accounted for all heterogeneity in cross-sectional studies
reporting 3-month prevalence. The results of the meta-regression suggest that the lack of
standardised method of assessing LBP in adolescent athletes may affect the overall
prevalence reported. A definition of LBP more specific to adolescent athletes may improve

assessment of LBP in this group.

2.4.4 Adolescent-specific factors in comparison to adult athletes

Several factors that may increase risk of LBP are unique to adolescent athletes when

compared to adult athletes, including the effect of lower extremity pain and female sex on
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risk of developing LBP. Several studies identified female sex as a potential risk factor for
LBP in adolescent athletes. Female adolescent athletes drop out of sport twice as often as
their male counterparts by the age of 1421, There are many factors contributing to this,
including physical and psychological barriers?? to sport participation. It is possible that
increased rate of pain or injury may be a contributing factor, but this requires further
exploration. Further research into causes of a higher the prevalence of LBP among female
adolescent athletes may be essential to mitigating risk and retaining female athlete

participation in adolescence.

There are three high quality studies that suggest that concurrent lower extremity pain may

be associated with LBP (OR 8.3, 95% CI 4.8, 14.4, 1> 45%)2%22352%  pain reporting can be

262 262 263

influenced by factors such as female sex=>4, social factors , and past experiences with
pain®®*, It is possible that the adolescents reporting concomitant lower extremity pain and
LBP are more likely to report pain in general, although further exploration of factors
influencing pain reporting in adolescent athletes is required. The role of parent/guardian
involvement is a unique challenge of LBP prevalence assessment in adolescent sport.
Several studies in this review allowed parents to answer the questionnaire on behalf of
their children. Research has shown that parents’ perception of their child’s pain differs
from the child’s, with the adult often underestimating the pain of their child>®%°. This could
lead to an inaccurate representation of the prevalence of LBP in adolescent athletes and
should also be reflected in considerations of injury prevention and load monitoring

education. Adolescent athletes are best able to report their own pain, with appropriate adult

consultation and consent.

In the meta-regression analyses of cross-sectional studies reporting lifetime and 12-month
prevalence, none of the factors explored contributed to heterogeneity between the studies.
This suggests that there may be other factors impacting heterogeneity among studies on

adolescent athlete LBP that may not have been explicitly explored in the reported studies
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2.4.5 Confidence in estimated values

There was considerable variability across studies in terms of methodology, definitions, and
data collection mode. This suggests a lack of standardisation in studies evaluating
incidence and prevalence of LBP in adolescent athletes. A standardised definition of LBP
for adolescent athlete research may enhance accuracy of the reported findings. Caution in
interpreting results is warranted due to the overall low quality of available evidence and
high heterogeneity among included studies. The search strategy was designed to capture
studies exploring LBP incidence or prevalence in adolescent athletes, and did not
specifically address risk factors, so some relevant studies may have been left out of this

section.

2.4.6 Clinical implications

The results of this review suggest that clinicians should be aware of LBP as a common
condition in adolescent athletes. Spondylolysis is the most reported morphology,
suggesting that further research into methods of diagnosis and treatment in this population

is warranted.

2.4.7 Limitations

Less than half of included studies were deemed as high quality. The majority of studies in
this review were of cross-sectional design (49 studies), which does not represent the
highest level of the aetiology hierarchy?®®. Only nine of the 31 cohort studies were
considered high-quality. There was not sufficient information to describe how the study

population reflects the broader population size.

The pooled estimates of incidence are limited by the lack of high-quality cohort studies
reporting on incidence in the same time period- there was a low number of studies in these

meta-analyses. This also limited the use of meta-regression in some meta-analyses.

103



Confounding in OR estimates was unmeasured, as some studies used crude ORs or did not
specify covariates included in OR adjustment. There are important limitations to consider

in reporting ORs from cross-sectional studies, including reverse causality.

This review only included studies published in English or with an English translation
available. The term “back pain” was considered LBP unless otherwise specified, since
back pain and LBP are often used interchangeably. Low back injury was also considered
LBP until otherwise specified. The determination was made at the stage of full text
screening that the study included an investigation of LBP. The quality appraisal tool used
is specific to LBP but not specific to athletes or adolescents. The term “point prevalence”

in this review included current pain or pain in the past 7 days.
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2.5 Conclusion
LBP is as common among adolescent athletes as in the general adolescent population.

Some factors associated with LBP reported by included studies were sport participation,
sport volume or intensity, concurrent lower limb pain, being overweight/having a higher
BMI, older adolescent age, female sex, and family history of LBP or musculoskeletal pain.
Spondylolysis was the most reported morphology associated with LBP in adolescent

athletes.
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What was already known?

e LBP is prevalent in the general adolescent population and in adult athletes.

e LBP is a notable cause of disability and can stop athletes from participating in sport.

What this study adds:

e LBP is common among adolescent athletes.

¢ Incidence and prevalence of LBP varied considerably due to differences in methodology, LBP
definition, and data collection.

e Spondylolysis was the most common reported morphological presentation.

o Potential risk factors for LBP in adolescent athletes presented in included studies were sport
participation, sport volume/intensity, concurrent lower extremity pain, overweight/high BMI,

older adolescent age, female sex, and family history of LBP.
How this study might affect research, practice, or policy:

e Inclinical practice, clinicians should be aware of LBP as a common condition in adolescent

athletes

e Further research into methods of diagnosis and treatment of spondylolysis in adolescent

athletes may be warranted

e Acclear, specific definition of LBP for adolescent athletes would benefit future research in this

population.

Figure 2-9: Summary of Study I.
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Chapter 3: Diagnoses associated with low back pain in
adolescent athletes: a retrospective chart review of 400 patients

Best research
evidence

Clinical

_ expertise
Patient values _
Retrospective

chart review

Figure 3-1: Sackett model of Evidence Based Medicine exploring LBP in adolescent athletes.

3.1 Introduction

Low back pain (LBP) is a common condition in young athletes. In the previous chapter, we
established a 12-month incidence estimate of 36.0% (95% CI 4-68, 1°=99.3%), and a 12
month prevalence estimate of 42% (95% CI 29-55, 12=96.6%)%°. LBP is a symptom with a
wide variety of associated causes in some cases, including congenital causes, injuries,
degeneration, nerve and spinal cord issues, and non-spine related causes?®’. The most
common causes for LBP in adolescents appear to differ from those of adults, with pars
interarticularis injuries more common, and disc-related back pain less common!241%4 Up to
90% of all LBP in general is non-specific, meaning there is no known associated
pathoanatomical cause®®*. Although most LBP in the general population is non-specific!?
121 256 it appears that adolescents may be more likely than adults to receive a distinct
diagnosis®®. Fitting with this, in the previous chapter, the most commonly reported

morphology was spondylolysis or spondylolisthesis?®®. Also commonly reported were

107



Schmorl’s nodes, disc degeneration, strains, spina bifida occulta, end plate changes, and

scoliosis?®.

The overall prevalence of LBP in young athletes is known to vary by sport, but it is unclear
whether the type of sport impacts the etiological presentation of LBP in adolescent athletes?.
Broadly, contact sports may be more likely to result in acute injuries, whereas repetitive
sports such as gymnastics more often result in overuse injuries®*. It is thought that LBP
prevalence in adolescents varies by the type of sport in which an adolescent participates®*.
In our systematic review, sports could not be compared closely due to methodological
heterogeneity, including differing recall periods, definitions, and quality, but there were
some general trends noted?®. Soccer and martial arts had generally lower levels of LBP,
while ballet, gymnastics, and rowing reported higher general levels of LBP. There is

currently no published overview of specific aetiologies diagnosed in adolescent athletes

categorised by sport.

It is important to explore LBP diagnoses in this population to advance evidence-based
management techniques. A retrospective chart review design was chosen for this study. In
a retrospective chart review, the data was originally collected for reasons other than
research, such as for continuity of treatment?®® 2%, This research design has some
limitations such as the potential for incomplete medical notes or differing levels of
quality®®. However, the benefits of a retrospective review include: it is an inexpensive
research methodology'?, it is useful in exploring a condition over time3, and it provides a
uniquely detailed document of a patient’s clinical journey?’*. Retrospective chart review
designs have previously been used to characterise poorly understood patient populations,
such as those with complex regional pain syndrome?’? and bipolar disorder?’3. The
retrospective chart review design was chosen for this study because of the level of detail

provided in medical notes, as well as the ability to follow temporal trajectories of LBP. A
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longitudinal design would be ideal to follow LBP trajectories over time, however, due to
the time and funding constraints of PhD research, the retrospective chart review design was

chosen as a richly populated and unique data set was available in the population of interest.

The aim of this study is to characterise the presentation of adolescent athlete LBP as
diagnosed in a clinical setting. The objectives were to 1) identify conditions associated with
LBP in adolescent athletes, 2) categorise the differences in LBP aetiology and presentation
by sport, sex, BMI, and age, and 3) examine treatment and management methods of LBP in

adolescent athletes.
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3.2 Methods

This retrospective medical chart review was conducted in the Sports Medicine Division
of Boston Children’s Hospital (BCH), a tertiary paediatric academic hospital. Boston
Children’s Hospital is the world’s largest paediatric research centre?’*. It is one of the largest
paediatric medical centres in the United States, housing 40 clinical departments?’®. The
Sports Medicine Division is the largest paediatric and young adult sports medicine practice
in the United States, with over 45,000 patient visits per year?”. There are over 45 clinicians
(orthopaedic surgeons, sports medicine physicians, podiatrists, psychologists, dietitians,
physician assistants, nurse practitioners, registered nurses, physical therapists, and athletic
trainers) involved in this department?’, Institutional Review Board exemption was obtained

from the BCH IRB (IRB protocol number IRB-P00035872) (Appendix 3-1).

In March 2020, a search of records in the BCH Sports Medicine Division was conducted
to identify all athletes aged between 10 and 19 years who presented between January 2015
and March 2020 for LBP. Criteria for inclusion were: 1) Athletes aged 10-19 years old, 2)
LBP was the primary reason for presentation to the Sports Medicine clinic. LBP was defined
as a ‘pain, ache or discomfort in the low back with or without referral to the buttocks or
legs’’t, with the low back area defined as ‘the posterior aspect of the body from the lower
margin of the twelfth ribs to the lower gluteal folds’’2. In the absence of detail, best

judgement was used if organised sports participation was evident in the medical chart.

The variables of interest in this study are detailed in Table 3-1.
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Variable

Description of what was collected

Rationale

Demographic and anthropometric data

Age Date of birth (DOB) for age calculation Inclusion criteria for the study and for comparison within
participants across age groups
Sex Sex assigned at birth as documented in medical | For comparison within participants across groups.
chart
Height and weight Height and weight as documented in medical | For comparison within participants across BMI groups

chart for BMI calculation

Sport-specific information

Sport(s)

Name(s) of sport(s) participated in at the time of

appointment

For comparison within participants across sport groups.
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e Level of competition (varsity, junior

Training and competition varsity, club/travel, college club, college | Inclusion criteria for the study.
) ) varsity, high school (unspecified),
information college (unspecified), middle school, not

specified in chart
e Months/years participating
e Organised training (hrs/week)

Sport position Primary position played in each sport (if | To meet the objectives of the study

applicable)

Diagnosis/LBP

Etiological presentation Examination and diagnosis provided by clinician | To meet the objectives of the study (Identify conditions
in medical chart, including investigations and | associated with LBP in adolescent athletes)

findings and treatment prescribed.

Date of initial visit Visit date (MM/DD/YYYY) To calculate age at initial visit
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Age at initial visit

Age on the day of the initial visit

For inclusion criteria for the study

LBP specific information

Type of onset (acute or insidious)
Mechanism of injury

Time of season during onset (in-season,
pre-season, off-season, not specified)
Sporting activity at onset (practice,
competition, strength training, not sport-
related, not specified in chart)

Does the pain radiate?

Aggravating and easing activities

Does the pain affect the patient’s sleep?

To meet the objective of the study.

Table 3-1: Variables of interest.
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Study data were collected and managed using a customised form on REDCap
(Vanderbilt University) electronic data capture tools hosted at Boston Children’s Hospital?’®
277 The form was designed by JW in consultation with FW, and contains questions related
to the variables of interest presented in Table 3-1. REDcap software is a cloud-supported,

Health Insurance Portability and Accountability Act (HIPAA) compliant platform.

3.2.1 Statistical methods

Statistical analysis was conducted using SAS software version 9.4 (SAS Institute, Cary
NC). To decide how many charts would be needed to assess for between-group differences
in variables, two researchers used a Chi-Squared test with degrees of freedom ranging from
5 to 20, power 0.80, alpha 0.05, and an effect size of 0.2 or 0.3 (JW and DC). The number

of charts that allowed for a small effect size to be seen was 400 charts.

A Chi-Squared test for association was used to assess potential associations between
aetiological presentation and sport groups, age groups, sex, and BMI groups (JW and DC).
Multiple comparisons were done using the Holm-Bonferroni p-value correction?’® if the
initial chi-square test had a p-value less than 0.05. This was done to reduce the likelihood of

Type | error with multiple comparisons.

Aetiologies related to LBP were categorised by sport group, age at onset, sex, and BMI.
The sports classification system used in this study was based on a three-group approach used
in several recent studies?’®28 (Table 1), as there is currently no published consensus on the
classification of sport categories. The International Olympic Committee (IOC) consensus
statement on methods for recording and reporting of epidemiological data on injury and

illness and sport 202022 recommends a clear description of the sports classification system
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used in the methods section of any report. For this study, the categories “technical sports”,

“team sports”, and “endurance sports” were used (Table 3-2).
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Technical sports

Dance

Gymnastics

Cheerleading

Track and Field (athletics)

Short-distance and field events

Figure skating

Synchronized skating

Equestrian sports

Wrestling

Golf

Team sports

Soccer

Basketball

Lacrosse

Football

Ice Hockey

Baseball

Volleyball

Field Hockey

Softball

Endurance sports

Rowing

Cross-country skiing

Cross-country running

Track and Field (athletics)

Middle- and long-distance events

Swimming

116



Tennis

Diving

Rock climbing

Boxing

Kickboxing

Powerlifting

Martial arts

Alpine skiing

Ski jump

Table 3-2: Sport categorisation system.

Gaelic Football
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Where the type of skiing or type of Track and Field event was not specified, it was

classified as a technical sport.

There is no standardised method for classifying age groups within adolescence. Age was
classified into three groups: early (10-14 years), middle (15-17 years), and late (18-19 years)
adolescence, based on source material published by the WHO Department of Child and

Adolescent Health?®,

Sex assigned at birth was classified as either female or male. BMI was classified

according to the Centers for Disease Control (CDC) classification of BMI-for-age (Table

2)284_
Underweight Less than 5th percentile
Healthy weight 5th percentile to 85th percentile
Overweight 85th to >95th percentile
Obese 95th percentile or greater

Table 3-3: BMI-for-age.

Due to low participant numbers in the underweight and obese groups, for statistical
analyses, participants below the 85~ percentile were deemed healthy and greater than or equal

to the 85« percentile were categorized as overweight.

Diagnoses related to LBP were categorized into six groups based on the most common

diagnoses recurring in the dataset:

e Spondylolysis group
o ‘Spondylolysis’ included these diagnostic labels: Spondylolysis or
spondylolisthesis
e Facet joint group
o ‘Facet joint’ included these diagnostic labels: facet joint irritation, facet joint

pain, facet joint dysfunction
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e Sacroiliac joint (Sl joint) group

©)

‘SI joint” included these diagnostic labels: SI joint irritation, Sl joint pain, SI

joint dysfunction, sacroiliitis

e Disc, group

O

‘Disc’ included these diagnostic labels: disc herniation, disc protrusion,

discogenic pain

e Non-specific LBP group

o

“Non-specific LBP” included these diagnostic labels: non-specific LBP,
mechanical pain, mechanical LBP with increased lordosis, musculoskeletal
based LBP, LBP, back pain, atraumatic axial LBP, extension-based back
pain, complex spine pain, lumbar pain, left- or right-sided LBP, flexion based
lumbosacral pain with a reassuring exam, low lumbar pain, chronic LBP with
minor spinal asymmetry, lordotic LBP, functional LBP, biomechanical LBP,

benign LBP.

e Other group

O

“Other” included these diagnostic labels: flat back syndrome, Berlotti
syndrome, lower back contusion, scoliosis, LBP hemipelvic in nature,
Scheurmann’s kyphosis, compression fracture, transitional vertebrae,
bursitis, piriformis syndrome, psoas tendinitis, spinous process apophysitis,
fusion anomaly, traction apophysitis, strain, sacralized S1, foraminal
narrowing, osteitis pubis, paraspinal muscle tightness, nerve irritation,
displacement of L5 nerve, diffuse stress injury, paraspinous muscle

contusion, coccyx fracture.
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3.3 Results

There were 474 charts reviewed for inclusion. Of these, 400 charts met the inclusion criteria,
and data were extracted from 400 charts into a customised data extraction form (Appendix
3-2). One researcher (JW) extracted information from 400 records, working from most
recent to least recent. There were 37 patients who did not receive a formal diagnosis clearly
documented in the sports medicine chart, as they may not have followed up after radiological
investigations. Since the characteristics of this group were not different, these participants

were removed from statistical analysis, resulting in a total of 363 participants.

3.3.1 Participant characteristics

The number of visits per participant ranged from 1 to 15 visits within the study dates.
Participant characteristics are summarized in Table 3-4. The mean age at initial visit was
15.4 years old, and mean BMI at initial visit was 22.2. Fifty percent of the cohort were in
middle adolescence and 66% were female. Forty-nine percent of the cohort participated in a

team sport as their primary sport.

Table 3-4. Participant characteristics (N=363).

Characteristic Freqg. (%)
Age

Early adolescents 142 (39%)

Middle adolescents 183 (50%)

Late adolescents 38 (11%)
Sex

Male 124 (34%)

Female 239 (66%)
BMI (n=337) *

Underweight 1 (0%)

Healthy weight 251 (75%)

Overweight 64 (19%)

Obese 21 (6%)
Primary sport

Technical sport 162 (45%)

Team sport 177  (49%)

Endurance sport 24 (7%)
Secondary sport (n=130) *

Technical sport 36 (28%)

Team sport 83 (64%)

Endurance sport 11 (9%)
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Tertiary sport (n=46) *

Technical sport 10 (22%)
Team sport 35 (76%)
Endurance sport 1 (2%)
Primary diagnosis
Spondylolysis or spondylolistheses 102 (28%)
Facet joint irritation/pain/dysfunction 20 (6%)
Sl joint irritation/pain/dysfunction/sacroiliitis 26 (7%)
Disc herniation/protrusion/discogenic pain 29 (8%)
Non-specific LBP 123 (34%)
Other 63 (17%)

BMI, body mass index; LBP, lower back pain.

*The number in parentheses represents the number of cases with available data

for the given characteristic.
Table 3-4: Participant characteristics.

The 400 included participants took part in 30 different sports (Figure 3-2). There were 260

single-sport athletes and 140 multi-sport athletes. Of the multi-sport athletes, 91

participated in two sports, 39 participated in three sports, and ten participated in more than

three sports. The most common sports were soccer (68 participants), basketball (66

participants), gymnastics (61 participants), and dance (61 participants). The least common

sports had one participant each: boxing, Gaelic football, kickboxing, and powerlifting.

Of 46 charts with information on sport level available, there were 9 participants in club/travel

teams, 3 participating in sport at a middle school level, 20 participating in high school sport

at an unspecified level, 12 participating in college sport at an unspecified level, 2

participating in college varsity teams.
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Figure 3-2: Athletes (n) participating in each sport.

3.3.2 Characteristics of pain

Of 392 charts with information available, there were 86 participants with an acute
onset of LBP and 306 participants with an insidious onset of LBP. Out of 84 charts that
reported pain descriptors at the initial visit (Figure 3-3), the most common pain descriptors

were “sharp” (19 participants reported), “achy” (15 participants reported) and “sore” (13

participants reported).
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Figure 3-3: Pain descriptors

Out of 351 total aggravating factors reported (Figure 3-4), the most common self-
reported aggravating factors at the initial visit were extension movement of the spine (110
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participants reported), sports/activities/sport-specific movements (71 participants reported),

and prolonged sitting (66 participants reported).

Aggravating factors
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Figure 3-4: Aggravating factors.

Out of 52 easing factors reported (Figure 3-5), the most common self-reported
easing factors at the initial visit were rest (16 participants reported), medication (various
types) (15 participants reported), and heat (10 participants reported). Out of 31 charts with
information available, 16 athletes reported that the pain affected their sleep (10 initial visit,
6 follow-up visits). The mean pain severity reported at the initial visit was 3.5/10 (data
available from 134 participants). The median pain severity was 4/10 (data available from

134 participants) (Figure 3-6).
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Figure 3-6: Pain severity reported during the initial visit.

3.3.3 Statistical results

There was a significant difference in presentation according to sex among LBP diagnoses
(p<0.001). There was a higher proportion of females in the facet joint
irritation/pain/dysfunction diagnosis group (90%) compared to the spondylolysis or
spondylolisthesis group (50%, p=0.001). Similarly, there was a higher proportion of

females in the SI joint irritation/pain/dysfunction/sacroiliitis diagnosis group (89%) and the
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non-specific LBP diagnosis group (74%) compared to the spondylolysis or

spondylolisthesis group (both p<0.001) (Table 3-5).
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Table 3-5: Participant demographics compared between diagnosis type (N=363).

Sl joint

Facet joint irritation/pain/ Disc
Spondylolysis or irritation/pain/ dysfunction/ herniation/protrusion/di Non-specific
spondylolisthesis dysfunction sacroiliitis scogenic pain LBP Other
(n=102) (n=20) (n=26) (n=29) (n=123) (n=63)
Characteristic Freg. (%) Freg. (%) Freqg. (%) Freqg. (%) Freqg. (%) Freq. (%) P-value
Age 0.15
Early adolescent 43 (42%) 7 (35%) 9 (35%) 7 (24%) 56 (46%) 20 (32%)
Middle adolescent 52  (51%) 8 (40%) 15 (58%) 19 (66%) 56 (46%) 33 (52%)
Late adolescent 7 (%) 5 (25%) 2 (8%) 3 (10%) 11 (9%) 10 (16%)
Sex <0.001
Male 51 (50%) 2 (10%) 3 (12%) 11 (38%) 32 (26%) 25 (40%)
Female 51 (50%) 18 (90%) 23 (89%) 18 (62%) 91 (74%) 38  (60%)
BMI (n=337) * 0.07
Healthy 71 (73%) 17 (90%) 18 (75%) 16 (57%) 80 (73%) 50 (85%)
Overweight 26 (27%) 2 (11%) 6 (25%) 12 (43%) 30 (27%) 9 (15%)

LBP, lower back pain; BMI, body mass index.

*The number in parentheses represents the number of cases with available data for the given characteristic.
Table 3-5: Participant demographics.
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While there was a significant difference in diagnosis between team sports and non-team

sports (p=0.045), there were no significant differences found when conducting the multiple

comparisons between each diagnosis (Table 3-6).

Table 3-6: Comparison of diagnoses by primary sport type (N=363).

Non-technical

Technical sport
sport (n=162) (n=201)
P-
Diagnosis Freg. (%) Freqg. (%) value
Spondylolysis or spondylolisthesis 35 (22%) 67 (33%) 0.08
Facet joint irritation/pain/dysfunction 13 (8%) 7 (4%)
Sl joint irritation/pain/dysfunction/sacroiliitis 11 (7%) 15 (8%)
Disc herniation/protrusion/discogenic pain 14 (9%) 15 (8%)
Non-specific LBP 62 (38%) 61 (30%)
Other 27 (17%) 36 (18%)
Team sport  Non-team sport
(n=177) (n=186)
P-
Diagnosis Freg. (%) Freqg. (%) value
Spondylolysis or spondylolisthesis 63 (36%) 39 (21%) 0.05
Facet joint irritation/pain/dysfunction 6 (3%) 14 (8%)
Sl joint irritation/pain/dysfunction/sacroiliitis 12 (7%) 14 (8%)
Disc herniation/protrusion/discogenic pain 13 (7%) 16 (9%)
Non-specific LBP 54  (31%) 69 (37%)
Other 29 (16%) 34 (18%)
Non-endurance
Endurance sport
sport (n=24) (n=339)
P-
Diagnosis Freg. (%) Freqg. (%) value
Spondylolysis or spondylolisthesis 4 (17%) 98 (29%) 0.40
Facet joint irritation/pain/dysfunction 1 (4%) 19 (6%)
Sl joint irritation/pain/dysfunction/sacroiliitis 3 (13%) 23 (T%)
Disc herniation/protrusion/discogenic pain 2 (8%) 27 (8%)
Non-specific LBP 7 (29%) 116 (34%)
Other 7 (29%) 56  (17%)

LBP, lower back pain.

Table 3-6: Comparison of diagnoses by primary sport type.
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3.3.4 Management techniques

At the initial visit, the most reported management technique was a referral for MRI
(diagnostic), followed by referral to physical therapy, relative rest/avoidance of certain

activities, and the use of bracing (Figure 3-7).
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Figure 3-7: Management techniques at initial visit.

At the first follow-up visit, the most reported management technique was a referral to

physical therapy, followed by bracing, then relative rest/avoidance of certain activities, and

participation in sport as tolerated (Figure 3-8).
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Figure 3-8: Management techniques at first follow up visit.

The types of medications prescribed at the initial visit included non-steroidal anti-
inflammatories (NSAIDs), muscle relaxants, anaesthetics, analgesics, and
anticonvulsant/nerve pain medications. Referrals to other clinics or departments included
referrals to sports dietetics (3 participants), rheumatology (1 participant), neurology,
orthopaedics (1 participant), dance screening (2 participants), and pain clinic (2
participants). There were seven participants referred for injections, including epidural
injection (4 participants), facet joint injection (1 participant), and sacroiliac joint injection

(2 participants).

3.3.5 Management of spondylolysis

Because spondylolysis was the most common diagnosis, a specific analysis of
spondylolysis management is presented here. At the initial visit (Figure 3-9), the most
common management techniques reported for spondylolysis were MRI (diagnostic),

referral to physical therapy, and advice to remain out of sport activity.
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Figure 3-9: Spondylolysis management at the initial visit.

At the first follow-up visit (Figure 3-10), the most common management techniques were
physical therapy, the use of bracing, and advice to remain out of sports activity.
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Figure 3-10: Spondylolysis management at the first follow-up visit.
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3.3.6 Reasons for MRI referral

There were 265 lumbar MRI referrals evaluating LBP in 400 adolescent athletes over all
visits. Of these, 233 were conducted and had follow up. The most reported reason for MRI
referral was clinical suspicion of spondylolysis (n-151), followed by concern for stress

fracture/injury (n=40), and disc pathology (n=33).

3.3.7 Clinical concern vs. diagnosis

Of the 233 MRIs conducted during the study dates, 8 were not for diagnostic purposes (i.e.,
to better visualise a lesion visible on previous imaging) or did not have clearly documented
original clinical suspicion easily obtainable from the medical chart. With the 225
remaining, we sought information on whether the reason for MRI referral was the same as
the ultimate diagnosis, or whether an alternative diagnosis was given after MRI. Of 225
MRIs, 91 (39%) confirmed the clinical suspicion. 134 MRIs (58%) had an alternative

diagnosis.

3.3.8 Recurrence rate

Of 363 participants with follow up, 46 (13%) experienced a clearly documented recurrence
of LBP (new onset) within the study timeframe. There were 38 recurrences of LBP in
participants with spondylolysis as their first diagnosis. There were 20 recurrences of
spondylolysis, and 18 were other types of LBP. There were 6 participants with
spondylolysis as their initial diagnosis who had two recurrences of LBP during the five-
year time frame. The average time to recurrence of spondylolysis was two years, ranging

from one month to three years.
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3.4 Discussion

Non-specific LBP and the specific diagnosis of spondylolysis were commonly reported
diagnoses in this adolescent athlete cohort. There were significant differences in diagnoses
for females compared to males. There was a significant difference when comparing team
sports to non-team sports, but no other associations were noted between the type of
diagnosis and sports group, BMI group, or age group. Imaging use, specifically MRI, was

high in this population.

3.4.1 Characteristics of participants

Many of the characteristics of this adolescent athlete cohort were consistent with known

risk factors for LBP in adolescents.

Half the participants in this cohort were in the middle adolescent age range (age 15-17). In
the general adolescent population, the prevalence of LBP in adolescence appears to
increase with age, and there is some evidence that the prevalence of LBP increases further
as adolescents enter middle adolescence®® 2%, Research drawing on data from 28 counties
has shown that the six-month prevalence of LBP increases from 27.4% at age 11 to 46.7%
at age 152, Other research in Denmark demonstrated an age-related increase in LBP of

13.2% from under 14 years to over 15 years old®.

Two-thirds of this retrospective cohort were female. Evidence in the general adolescent
population indicates that female sex is linked to an increased prevalence of LBP93 % 140285
although some research has found no difference in the rate of LBP by sex®%. In this
cohort, there was a significant difference in sex among LBP diagnoses. There was a higher
proportion of females in the facet joint irritation/pain/dysfunction diagnostic group and Sl
joint irritation/pain/dysfunction/sacroiliitis diagnostic group compared to the spondylolysis

or spondylolisthesis group. Research suggests that there may be a higher incidence of
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spondylolysis in males , Which is consistent with this finding. Spondylolysis, however,

was still the second most reported diagnostic group in this majority-female cohort.

In this cohort, 75% of adolescent athletes were in the healthy weight category. This
contradicts evidence in the general adolescent population which suggests that there may be
a relationship between higher BMI and LBPY’. It is possible that the apparent relationship
between BMI and LBP may differ when comparing athletic adolescents to the general

adolescent population.

There were almost twice as many single-sport athletes compared to multi-sport athletes in
this study. There is increasing emphasis on sport specialisation in young athletes, which
involves an athlete focusing exclusively on one sport, often year-round?®’ 28, Sport
specialisation can result in a higher rate of injury in young athletes, which may suggest that
more emphasis should be placed on diversifying an adolescent athlete’s training?®. Since
many of the adolescent athletes in this cohort are already focusing on one sport, however,

it may be more beneficial to implement injury prevention and reduction programmes

tailored to the risks of specialization in each sport.

3.4.2 Diagnoses among adolescent athletes

Non-specific LBP (NSLBP) was the largest diagnostic group among adolescent athletes
(34%). In the adult population, up to 90% of LBP is non-specific?®, and it is unclear if this
is the same in adolescents. LBP also appears to be mostly non-specific in the adolescent
age group*® 1% although some research indicates that, compared to adults, adolescents are
more likely to have a specific pathoanatomical cause of LBP?%8, The most commonly
reported specific diagnosis in this cohort was spondylolysis. This is in line with previous
research indicating that there is a high rate of spondylolysis in the adolescent age group,

specifically in adolescent athletes!?0 121124,
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It appears that imaging is used differently for adult and adolescent LBP, which could
influence this difference in rate of NS-LBP. Guidelines for adult LBP recommend imaging
only in cases with severe neurological deficits or when serious underlying conditions are
suspected, and should only evaluate those with persistent LBP with MRI or CT if the
person with LBP would be a candidate for surgery or a steroid injection?®. In contrast,
there is no accepted consensus for the imaging of spondylolysis in adolescent

athletes?®. In addition to the lack of imaging guidelines for adolescent athletes, LBP may
not correlate with imaging findings, even in adults. Spinal changes on imaging may be

asymptomatic findings in adults and are not necessarily associated with pain>7-26°,

3.4.3 Magnetic Resonance Imaging utility in adolescent athletes

In this study, less than half of the MRIs had findings that matched the documented clinical
suspicion. As previously mentioned, this fits with existing findings that suggest that LBP
may not correlate with imaging findings, and that spinal changes on imaging may be
asymptomatic findings?"-2%, It is possible that the higher use of imaging in adolescent
athletes may give way to a higher apparent rate of spondylolysis. The use of diagnostic
imaging in adolescent athlete LBP must be carefully examined for utility, to potentially
reduce negative outcomes in this population. Potential negative outcomes of increased
imaging in adolescent athletes could include the overmedicalisation of conditions such as
spondylolysis, as well as the potential for unnecessary differences in treatment approaches.
Although LBP management guidelines are largely based on recommendations for adults,
they do not recommend routine imaging unless in the case of suspected serious

pathology?®.

3.4.4 Management of adolescent athletes with low back pain

There are currently no management guidelines or recommendations that are specific for

adolescent athletes. The absence of treatment guidelines specific to adolescent athletes
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overlooks the differences between adult and adolescent athletes which may warrant
alternative management strategies. For instance, while routine imaging is not
recommended in the general adult population?®!, an athletic adolescent population differs
significantly from the general adult population, with physiological changes such as the
maturing adolescent spine?®®. Even between the general adolescent population and athletic
adolescent populations, there are greater stresses placed on this spine in athletes which may

warrant different rehabilitation requirements than less active peers.

3.4.4.1 Physical therapy

Athletes in this study were often referred to physical therapy. It was one of the most
common management methods for spondylolysis. Physical therapy management of LBP
can vary widely, and there was little information provided in the reviewed charts on
specific physical therapy management plans. There is a standardised physical therapy plan
for spondylolysis within the Sports Medicine Division at BCH, but not all patients attended
there for physical therapy. There is a paucity of evidence in this area, but exercise, physical
conditioning, and manual therapy may be effective in adolescent athlete LBP® %", Physical
therapy is also recommended in the IOC consensus statement on pain management in elite

athletes?®*,

3.4.4.2 Relative rest

Some athletes in this study were recommended relative rest (or rest from sport) for periods
of time. This was often recommended in the management of spondylolysis in conjunction
with the use of a brace. Activity is recommended for adult athletes with LBP*. It is
unclear from many of the charts reviewed for this study the level of inactivity sustained
during relative rest, as many athletes cross-trained or attended physical therapy during this

period.
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Very low and very high levels of physical activity may increase the risk of LBP in adults.
In a recent systematic review of physical activity and LBP in children and adolescents,
there was an association between physical activity and LBP in 6 of 9 included studies, with
moderate evidence!'®. Similar to the “U-shaped” relationship between physical activity and
LBP previously observed in adults'®, the findings of this review supported associations

between very high and very low levels of physical activity!*®.

3.4.4.3 Bracing

The use of external support or bracing was another common method of management in this
study, especially for those with spondylolysis. Research has shown that bracing may be
effective in combination with other treatments!84 2% however other research has
demonstrated effective outcomes achieved without the use of bracing®. An initial study on
the use of bracing from the 1970s showed that bracing achieved favourable outcomes,
although it required the use of a brace for 23 hours per day for 6 months?%. There was also
no control group included in this study which did not use bracing?®’. There have since been
studies showing that pain relief and increased function can be achieved without the use of a
brace, but with activity modification and physical therapy?®. A systematic review by Klein
et al. also found that there were no long-term benefits to the use of bracing in the
management of spondylolysis*?®. This was supported by further work by Selhorst et al.
which showed that bracing did not have an effect on long-term outcomes, including

recurrence, pain, functional ability, and perceived outcome?®°.

There is some evidence that athletes that use a brace can return to pain-free sport faster
than those that do not (4-6 weeks)?%’. Although the use of bracing may achieve a slight
advantage in time to return to sport, the quality of life of the athlete must also be
considered. For many athletes, the required 23 hours per day may be difficult to comply

with?%’. There are also rising costs associated with the use of bracing®®. In adolescents
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with adolescent idiopathic scoliosis, the use of bracing has been linked to a decrease in
quality of life, with self-image being most affected*. The use of bracing to treat adolescent
LBP must be carefully considered to allow for the best quality of care while also taking

into consideration practical factors and the athlete’s quality of life.

3.4.5 Clinical implications

An awareness of the sex-based differences in diagnoses may be useful for clinicians
treating LBP in adolescent athletes. There were significantly higher proportions of female
adolescent athletes diagnosed with facet joint irritation/pain/dysfunction and SI joint
irritation/pain/dysfunction/sacroiliitis than spondylolysis or spondylolisthesis. There were
no significant differences in diagnosis when comparing by type of sport, but there were
fewer participants in the endurance sport group than in the technical and team sport groups.
It may be important to refine methods of diagnosis of LBP in this group, as there was a
high rate of diagnostic MRI use. The development of management guidelines specific to

LBP in adolescent athletes may assist in the optimal management of this condition.

3.4.6 Limitations

The conclusions drawn from this study are limited by the information recorded in medical
charts. The number of sports recorded are based on available information documented in
the medical chart, and the primary sport was chosen based on the information in the chart.
It is possible that some of the primary sports documented may not have been the primary
sport at the time of presentation to the sports medicine clinic. Data was collected
retrospectively and not for the purpose of this study; therefore, it could not be standardized.
Originally, the inclusion criteria specified a set number of times participating in sport per
week, however, this information was not available in most charts, so the level of athletic
participation may vary between participants. The setting of this study was a sports

medicine clinic- other populations of adolescent athletes may have different characteristics.

137



It is possible that those presenting to a clinic may have been experiencing pain for a longer
time/higher level than other populations. There was also no sport-by-sport comparison
possible due to the high number of sports. Conclusions drawn are limited by the sport
groupings created for this study. There were differing numbers of participants in each sport
grouping, with far fewer in the endurance group (n=24) compared to the technical (n=162)

or team sport (n=177) groups.

3.4.7 Recommendations for future research

e Development of imaging and management guidelines for the adolescent age group.
e Brace efficacy in spondylolysis management.
e Longitudinal assessments of LBP diagnoses categorised by sex, age, BMI, and

sport type.
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3.8 Conclusion

Non-specific LBP was the largest diagnostic group in adolescent athletes, followed by
spondylolysis or spondylolisthesis. There were some associations between female sex and
facet-based pain or Sl-joint pain compared to spondylolysis or spondylolisthesis.
Commonly used management techniques in this cohort were diagnostic MRI, physical
therapy, relative rest, and bracing. Future research should be directed towards the
development of management guidelines specific to LBP in adolescent athletes to assist in

the optimal management of this condition.
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What was already known?

e LBP is common in adolescent athletes.
e Spondylolysis appears to be more common in this population than in adults or the general

adolescent population.
What this study adds:

¢ Non-specific LBP and spondylolysis/spondylolisthesis were the most common diagnoses in
the adolescent athlete cohort.

e There was a significant difference in diagnoses between female and male athletes. There was
also a significant difference in diagnoses in team vs. non-team sports.

e Imaging use in this cohort was high, particularly regarding the use of MRI.
How this study might affect research, practice, or policy:

e Inclinical practice, clinicians should be aware of potential sex-based differences in common
LBP diagnoses.

e Further research into the efficacy of diagnostic MRI and brace usage in the management of
spondylolysis may be warranted.

e Longitudinal assessments of LBP diagnoses categorised by sex, age, BMI, and sport

type may benefit future research in this population.

Figure 3-11: Summary of Study II.
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Chapter 4: “Back pain is part of sport ... I’m just gonna have to
live with it”: Exploring the lived experience of sport-related low
back pain in adolescent athletes

Best research
evidence

Patient values

S Clinical
Qualitative expertise

interviews

Figure 4-1: Sacket model of evidence-based medicine exploring LBP in adolescent athletes.

4.1 Introduction

As established in the previous chapters, low back pain (LBP) commonly occurs in

adolescent athletes across different sports®

, with the prevalence of LBP in adolescence
appearing to increase with age%® % %91051% pain defined by the International Association
for the Study of Pain (IASP) as ‘an unpleasant sensory and emotional experience
associated with actual or potential tissue damage, or described in terms of such damage’®?,
is a personalised experience, and may be different for each individual because of varying

biological, psychological, and social factors®. Pain in adolescence can have long-lasting

effects, including the occurrence of pain later in life?®,

The large economic and social costs of pain have been explored in adulthood®®, but there
has been little research on the lived experience of adolescents (aged 10-19 years old') with
LBP. LBP is the leading cause of disability globally. One method of gauging the impact of
disability is through years lost to disability (YLD)3. 70% of YLD for LBP happen in the

working age range (20-65 years)®®. This can result in direct economic losses such as
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medical costs, or indirect costs, such as time off work3%2, LBP resulting in disability can
also cause social disruption due to work absenteeism and loss of ability to meet social

expectations®®?,

Previous research into the experiences of adolescents with LBP has focused on

303 There has been even less research focus on

physiotherapy management specifically
adolescent athletes, mainly focusing on experiences of adolescents returning to sport
following injury®®4. The implications of LBP in adolescent sport are important to

investigate, as LBP during adolescence is a risk factor for future LBP%° 8081,

There are factors specific to adolescence that may affect the experiences of LBP reported
by adolescent athletes. The involvement of parents/guardians in medical care is an
experience unique to childhood and adolescence and can potentially contribute to an
adolescent’s pain experience®. Parent behaviour and parent anxiety have direct effects on
a child’s pain and anxiety in medical settings®®. The influence of peer relationships may

also have a greater impact in adolescence, including effects on risk taking behaviour3°6-30

306 308 308

and decision making , as well as positive effects®™, such as increased socialisation,
shared experiences, and conflict resolution®%®. Because of this, experiences with teammates
may have a greater effect on adolescent athletes. There are also known psychosocial
factors which may impact the experience of LBP for adolescents; for instance, an
adolescent’s beliefs about LBP may affect their experience of LBP. In 17-year-olds,
negative LBP beliefs affected their behaviour associated with LBP, including increased
care seeking (including seeking medical care and medication usage) and activity
modification (including absenteeism and reduced participation in extracurricular

activities)'%. In athletes specifically, there are sport-specific factors which may impact an

athlete’s experience of pain or injury, such as their status within the team or sport®°. Pain
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experienced during sport may be different to pain experienced by the general population,

due to a dual meaning of pain in sport (i.e. ‘good pain’ versus ‘bad pain’)'.

Qualitative research in this area may be able to help ‘bridge the gap’3'? between research
and clinical practice in the understanding of LBP in adolescent athletes by considering
complex factors that may not be included in quantitative research®?. It is now recognized
that sports injuries and pain in sport are complex, multifactorial issues which require
management strategies that may be outside the scope of the traditional biomedical
model®*3-315, An injury experienced by an athlete cannot be separated from the context in
which the injury occurred3!®37, A qualitative research approach was therefore chosen to
allow for the consideration of contextual factors such as the physical and social
environment in sport, and interactions between these factors®!#. The inclusion of the

adolescent athlete voice in research may improve clinical outcomes in this population*2,

Furthermore, patient-based evidence is an essential part of healthcare research, forming
one of the three main areas of evidence-based medicine, along with clinical expertise and
best research evidence3®. This includes information that patients provide, such as patient
narratives and experiences®®. Although patient-based evidence forms an important part of
the evidence-base, there has been little research on the lived experiences of adolescents
with LBP. Document the adolescent athlete perspective to allows for the best quality care

to be delivered.

4.1.1 Aims and objectives
Aim: To examine the lived experiences of adolescent athletes reporting an episode of sport-

related LBP.

Objectives:

e To examine the effects of LBP on the daily lives of adolescent athletes.
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To examine adolescent athlete relationships with parents/guardians, teammates, and

coaches with relation to LBP.
To examine adolescent athlete experiences of treatment/management for LBP.

To document adolescent athletes’ understanding of LBP.
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4.2 Methods

4.2.1 Design and recruitment

A qualitative approach was chosen for this study, which allowed for adolescent athletes’
individual experiences of having LBP to be documented. A relativist ontological
standpoint was used, as the aim was to detail the various meanings in the dataset*°. The
epistemological standpoint for this study was constructionist, using an experiential
qualitative framework, as the study sought to capture and describe lived experiences of
LBP3%, In keeping with this methodological paradigm, the six-phase process of reflexive
thematic analysis outlined by Braun and Clarke was chosen for data analysis®?*-323, This
study is reported according to the Consolidation Criteria for the Reporting of Qualitative

research (COREQ) guidelines®?,

Study recruitment took place in both Dublin, Co. Dublin, Ireland, and Boston,
Massachusetts, United States. Ethical approval for this study was obtained from both the
Trinity College Dublin Faculty of Health Sciences Research Ethics Committee (Appendix
4-1) and Boston Children’s Hospital Institutional Review Board (Appendix 4-2).
Participants were recruited via convenience sampling and snowball recruitment through a
study poster placed on Twitter (Appendix 4-3). Interested potential participants were given
detailed study information (Appendix 4-4). An interview was scheduled after a period of
seven days if participants were still interested and willing to participate. A parent/guardian
signed the consent form (Appendix 4-5), and the participant signed an assent to participate
form (Appendices 4-6 and 4-7). The researcher reviewed this information with the
parent/guardian(s) and study participant prior to the interview, and they were given several
opportunities to ask questions. Study recruitment took place from August 2020 to February

2022.

Participants were otherwise healthy athletes aged between 10 and 19, who experienced

LBP within the year prior to their interview. For this study, the authors defined an athlete
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by participation and competing in organised sport at least three times per week. LBP was
defined as a ‘pain, ache or discomfort in the low back with or without referral to the
buttocks or legs’’*, with the low back area defined as ‘the posterior aspect of the body from

the lower margin of the twelfth ribs to the lower gluteal folds’"2.

4.2.2 Procedure

Each participant was scheduled for an individual semi-structured interview via Zoom
(Zoom Video Communications, Inc., San Jose, USA) or Microsoft Teams (Microsoft
Corporation, Redmond, USA). The interview content was based on a qualitative study of

adult rowers’ experiences of LBP (Table 4-1)!%3
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Interview questions

1. Tell me about your back pain/injury? (Track from your first episode
and history of any following episodes, describe the pain, severity,
activity limitations, night pain, did it affect school?)

2. Who did you tell first when you had back pain? (How did they
react?)

3. Tell me about the treatment you have had? (Was the treatment
helpful? Is there any treatment ongoing? What kind of stretches or
exercises?)

4. What is causing your back pain (in your words and in what you have
been told)?

5. Why do you think [specific group of athletes ex. Rowers, basketball

players] get back pain?

6. How do you think [specific group of athletes ex. Rowers, basketball
players] can prevent back pain?

7. Do you think your relationship with your coach influenced your
experience of back pain? (Did you tell your coach, how did they
react, what did they say or do to make you feel that?)

8. Do you think your position in the team influenced your experience of
back pain (if you were selected or pending selection or a ‘valuable’
member due to performance history, do you think this is good or bad,
do you think there are risks)?

9. Did/do you feel comfortable disclosing the details of your back pain
to teammates, coaches and selectors? (Did other teammates have
back pain?)

10. What do you think about your sport and back pain? (Is it considered

“normal” in the sport?)
11. What do you think your future in the sport is with back pain?
12. Can you summarize your experience of back pain? Is there any
advice you would give?

13. Is there anything else you feel you want to add?

Table 4-1: Interview questions for semi-structured interviews.

Four young athlete partners were consulted for readability of the interview questions and to
ensure patient and public involvement (PPI) in the study design. All four athletes had
previously experienced LBP during adolescence but were no longer in the adolescent age
range. These young athlete partners were not participants in this study. Interviews were
audio and video recorded. The interviews averaged 29-minutes in length and were
conducted by one (seven interviews) or two (two interviews) interviewers (JW and FW). A

parent/guardian was present for each interview.
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Participant recruitment continued for three rounds. Pragmatic considerations for sample
size were used rather than the concept of data saturation, as it is not recommended for
reflexive thematic analysis®?®. The authors invite the reader to consider the transferability

of this dataset to their own context3%,

To collect demographic information and confirm that each participant met eligibility
criteria, each participant was sent two questionnaires: The Modified Oswestry Disability
Index (Modified ODI) (Appendix 4-8) and the International Physical Activity

Questionnaire (IPAQ) (Appendix 4-9).

The IPAQ was used to assess participants’ self-reported level of physical activity. The
Modified ODI was chosen because it has previously been used to assess LBP in adolescent
athletes specifically®®. It is a valid, reliable, and responsive tool®% to assess self-reported
disability®?’. The IPAQ has demonstrated excellent test-retest reliability3?® and acceptable
validity for those aged 18-65%%°. Further questions to elicit detail on training volume were
presented as an open text box on Microsoft Forms. Participants were asked to describe a
typical week of sports activity at the time of LBP onset (Appendix 4-10). This was added
in addition to the IPAQ to gather more granular detail of the level of physical activity at

the time of LBP onset.

Field notes were made during and after the interviews (JW). The interviews were
transcribed verbatim by one author (JW). Member-checking occurred prior to data
analysis, meaning that each participant had an opportunity to make modifications to their
interview transcript. No participant chose to modify their interview transcript. Each
participant was assigned a study identification number which was used to ensure

confidentiality during data analysis. There were no repeat interviews.
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4.2.3 Researcher characteristics

Two authors (JW and FW) conducted the interviews. JW was a PhD student at the
time of the study, and FW was a PhD supervisor and head of the Physiotherapy
department. All researchers involved in interviewing, data analysis, and theme
development are female. All researchers have previous experience with qualitative
research. All researchers are trained physiotherapists. There was no prior relationship
established between researchers and interviewees. The participants were aware of the
reasons for research and the interviewers’ interests in the research topic. The researcher
involved in coding and developing themes (JW) is a trained physiotherapist, and may bring

to this research preconceived LBP belief, and knowledge of factors that can influence LBP.

4.2.4 Data analysis

In keeping with the stated ontological and epistemological standpoints, we chose
the six-phase process of reflexive thematic analysis outlined by Braun and Clarke for data
analysis (Table 4-2)32°32, The theoretical flexibility of this method allowed for athlete
experiences of LBP to be explored fully, both capturing experiences as described and
interrogating them further for underlying meaning. Because of this, there was both a
deductive and inductive orientation to the data®?°. We had a deductive orientation to the
data since interviews were semi-structured, and the data was analysed within this
framework. An inductive approach was also used, as themes beyond the interview
questions were coded and developed. The focus of meaning was mainly semantic to allow
the adolescent athletes’ experiences to be described in their own words, but some latent
ideas were explored. This meant that analysis mainly explored the adolescent athletes’
meaning as it was explicitly expressed. Fitting with this, our theoretical framework was
more essentialist/realist than relativist/constructionist, since the researchers aimed to

capture the adolescent athletes’ experiences as they were expressed®?°.
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Step of the analytic process®?° Method in this data analysis

1. Dataset familiarisation e Reflections on how I as the
researcher am situated in relation to
the data.

e Read of each transcript three times.

o First reading: no notes,
immersing self in data.

o Second reading: brief notes
on possible analytic ideas.
Reflections.

o Third reading: notes on
analytic ideas and how
transcripts may relate to
each other.

e Listened to each interview
recording twice.

o First listening: no notes,
immersing self in data.

o Second listening: brief notes
on analytic ideas.

2. Data coding ¢ Initial coding by hand —
highlighting or writing out
quotations and applying a code
label.

e Coding was then done using
NVIVO- 11 initial code labels were
used. This expanded to 16 code
labels.

3. Initial theme generation e Word map developed to show
patterns of meaning across the
dataset.

e Consulted with FW and EM.

e Coded data with candidate themes.

4. Theme development and review e Assessment and revision of
candidate themes.

e Discussed new candidate themes
with FW and EM.

o Excel spreadsheet of
candidate themes and
quotations.

5. Theme refining, defining, and e Wrote a brief description of each

naming theme.

¢ Refined theme names several times
to capture the meaning of the data
being presented.

6. Writing up e Writing up research report.

e Several drafts.

Table 4-2: Six-step process for reflexive thematic analysis and how it was applied in this study.
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After familiarisation with the data through repeated listening and multiple readings of
transcripts, one author (JW) coded all of the interviews, following best practice advice
from Braun and Clarke3?, with input from the second and third authors. Data was coded
manually in initial rounds (example: Figure 4-4), and NVIVO software was used in later

rounds of coding (QSR International, available from gsrinternational.com/nvivo).

Figure 4-2: Word map developed during initial rounds of code generation.

For this study, a theme was defined as ‘a shared, multi-faceted meaning, patterned across
at least some of a qualitative dataset;” which, ‘encapsulates several related analytic
insights, unified by a central organising concept or idea; developed initially in thematic
analysis by clustering together codes’*?°. From initial coding, 16 codes were developed.
Themes and subthemes were developed by JW in consultation with EM and FW. There
were several rounds of re-coding as subthemes were developed, considering that thinking
evolved several times during the analytic process. An example of a code that evolved

throughout the process is available in Appendix 4-11.

The questionnaires were analysed using the scoring system for each measure. Regarding

the Modified ODI, 0% to 20% represents minimal disability, 21% to 40% represents
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moderate disability, and 41% to 60% represents severe disability. For the IPAQ, the
number of Metabolic Equivalent (MET)-minutes/week and active days/week are used to

categorise participants’ physical activity levels as high, moderate, or low.
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4.3 Results

4.3.1 Participant characteristics

We interviewed nine participants for this study (no enrolled participants dropped out).
Participant ages ranged from 14 to 19 years (mean age: 16, median age: 16). Three
participants self-identified as male, five participants self-identified as female, and one
participant preferred not to disclose. The sports that participants were involved in were
rowing (n= 6), cycling (n= 1), hurling (n=1), Gaelic football (n= 1), rugby (n= 1),
American football (n= 1), basketball (n= 1), lacrosse (n= 1), and competitive cheer (n=1).

Four participants were multi-sport athletes, and five were single sport athletes.

4.3.2 Questionnaire results

Scores on the Modified ODI ranged from 4% to 24%. Eight participants (89%) scored in
the minimal self-reported disability category. One participant scored in the moderate self-
reported disability category. The pain intensity category was reported to affect participants

the most. No participants reported difficulty with sleeping.

On the IPAQ), six participants scored in the high physical activity category, and three

participants scored in the moderate physical activity category.

4.3.3 Themes identified

Through the thematic analysis process, three themes were developed from the dataset of
participant transcripts. These themes (Figure 4-5) demonstrate the ways in which LBP can
affect the lives of adolescent athletes. Quotations are verbatim and have been modified

with ellipses to remove potentially identifiable information.
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Theme 1: The
culture of
normalising LBP in
sport negates
safeguarding efforts
aimed at protecting
adolescent athletes
against injury and
pain.

4 )

la. Culture of
overtraining and
prioritising
competition over
athlete welfare.

\ J

4 )

1b. Perceptions of back
pain as
inevitable/normal
creates vulnerability in
athletes.

\ J

Ic: Athletes’ sense of
personal drive or
responsibility.

Theme 2: LBP
changes how
athletes are
perceived by others
and how they
perceive
themselves.

e A
2a. Self-advocacy-
athletes would have to

‘stick up for’
themselves and be their
own best
representative.

\. y,
e A
2b. Athletes

experienced a new
awareness of their own
limits after an episode
of LBP.

\ J

(" )

2c¢. Self-perception
after injury and
perception of view of
injury by others.

2d. Effect of ‘role

models’ within injury.

Figure 4-3: Themes and subthemes developed through thematic analysis.

Theme 3: Low back
pain has broad
effects on the well-
being of adolescent
athletes.

3a: LBP affected
participation in school.

\ J

(" )

3b: LBP affected daily
function. Adolescent
athletes had a constant
awareness of LBP and
potential for reinjury.

\ J

(" )

3c. There was a wide
range of emotional
responses to the
experience of having
LBP.

3d. LBP affected ability
to participate in sport.
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Theme 1: The culture of normalising LBP in sport negates safeguarding efforts aimed at

protecting adolescent athletes against injury and pain.

Several participants described a culture within their sport in which LBP was considered

normal by coaches and other athletes. There are three subthemes within this theme.

la. Culture of high training load (described by athletes as overtraining) and prioritising

competition over athlete welfare.

After the development of LBP, some participants were encouraged to continue
participating in sport despite pain. Several participants felt that their pain was not taken
seriously, leading to a decreased sense of trust between the athlete and their coach. For
instance, Participant 3 reflected on the context around the onset of their LBP. They
commented that they were prescribed one of the most intense training regimens on the

team by the coach:

“But to be honest, he probably did overtrain-train me and all my friends said it to me, and he

said to me months later that in hindsight, it was probably like a bit much....” (P3)

Participant 6 described how their LBP was not taken seriously by coaches:

“It was kind of bad management, not in a malicious way, but almost just- It's kind of the old

lads who used to ... didn’t think injury existed, was the thing so.” (P6)

Neither participant appeared to feel that their coach had purposefully contributed to their
experience of LBP. However, Participant 6 described a scenario in which they heard what

a coach had said about their injury to the team:

“And then there was, uh, one particular coach...he was worse for not thinking injury is really a
thing. He was talking ... one of the days, I wasn't there, he was saying yeah and (Participant 6)’s thing.
It's part-it’s partly physical, but probably partly mental as well... I don't know how saying something

like that would've transferred onto ... people who were also injured at the time.” (P6)
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Participant 6 felt that the underlying message about injury could be damaging to the team.

Two participants reported that their coach’s reaction to their LBP impacted their trust in
their coach. Participant 8 described a situation where they began to cry because they were

so frustrated with the way their initial LBP episode was handled:

“And that was the point I was ... crying. And then, the head coach came in and she was like

‘why are you crying?’ and I'm like, ‘My back really hurts. And you guys aren't letting me stop.”” (P8)

Later, Participant 8 left the sport, in part because of the way the LBP episode was handled

by the coaches. Participant 8 felt that trust in the coaches had been broken:

“... 1didn't really trust them, and I was just like, you don't care, like I was just mad ... if [ went
back after | hurt my back, I just wouldn't be able to trust my coaches because | don't know, they would

just like react in the same way. ” (P8)

1b. Perceptions of back pain as inevitable/normal creates vulnerability in athletes.

All participants in this study described LBP as common or normal within their sport. For

some, LBP was normalised to the point where it was not seen as a risk:

“I think it's probably the biggest, most common risk with {sport}. And | think it is something

that people should be careful of and maybe more careful of than they are.” (P1)

Some athletes felt that LBP was almost inevitable:

“I've been told by pretty much everyone that back pain is part of {sport}, um, and that I'm just
gonna have to live with it and that everybody gets a little bit of back pain. It's just part of the sport.”

(P3)

Because of this ‘part of the sport’ mentality, some athletes no longer see LBP as a risk. For

example, Participant 6 commented:
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“...it can be well managed when it's managed and it can really get bad when people start

forgetting it's a problem.” (P6)

When asked whether this view of LBP was okay, Participant 3 felt that whether or not it is

okay, there is no way to change the rate of LBP in their sport:

“I mean, I don't think it's OK, but ... if it's part of the sport, how could we help that? ... it is
what it is, I suppose ... if you get a little back pain, you're able to... sort of cope with it and deal with it.
It's OK, but in the long run I guess it's not, especially for ... young people. But um, overall, I wouldn't

say it is, but ... what can we do?” (P3)

Participant 6 commented that the normalisation of LBP within sport may lead some
athletes not to disclose LBP. Because it is seen as normal, some athletes did not feel that it

was necessary to tell anyone about it:

“...also people not really...feeling like injury is something worth saying anything about. It was
always a thing where... It was quite-it's quite normal to be somewhat stiff, but no one, no one ever went

through with {us} that it’s a certain stage of back pain where it’s not, not normal.” (P6)

1c: Athletes’ sense of personal drive or responsibility

In conjunction with the pervading culture of LBP as normal, many of the athletes felt a
personal responsibility to participate despite injury so as not to let their team down. Some

felt that they could push through for a specific competition:

“Personally, I know if I felt | was needed, there would always be that push of like, Oh well |
can get through the next week of training... And if I go, then suddenly that's not gonna work anymore,
like I'll let the team down and so on. ... Maybe the wise thing to do would be to step back or take a
break or so on, but you often you can push yourself and end up making it worse. Out of obligation

almost.” (P1)

Other athletes also described feeling apprehensive about their teammates’ reaction to

having to miss out on training and competition due to LBP. For instance:
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“I don’t know, it's just ... it's kind of a lot once you have the routine because you feel like, you
know, people... your friends will get mad at you ... so 1 feel like I was just nervous what... my

teammates were gonna think of me.” (P8)

Other participants had a more internal sense of drive to make a particular team or to
continue with their participation in sport. This was more internally located compared to

those that were driven by responsibility to the team. For instance:

“I mean, probably if I was, if | was heart set on getting into this {competition level} and | just
really, really wanted to do it, I'd probably go ‘Oh yeah, it's nothing. I'll be fine in a while” like 1 know |
shouldn't in my mind, but I'm going if I really, really want to do it, I'm probably not going to try and,

uh, possibly impact my chances of getting into the {competition level}.” (P4)

Like Participant 1, Participant 4 described knowing that they probably should not
participate while injured but doing it anyway. Participant 6 also pushed through pain to

participate in sport. For example:

“And I was so desperate to stay with the {team} that I did it, and even though it kind of made
me uncomfortable ... | think | just ignored the pain all the way through the next six months, 'cause | was
just like I don't... I'm not putting it under pressure it's but it's still getting moved around quite often. So,

I dealt with it, I think.” (P6)
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Theme 2: LBP changes how athletes are perceived by others and how they perceive

themselves.

Several athletes described a changed sense of athletic identity following an episode of

LBP.

2a: Self-advocacy- athletes would have to ‘stick up for’ themselves and be their own best

representative.

Following an episode of LBP, many athletes spoke of implementing prevention measures.
Participant 6 described a ‘campaign’ that they underwent within their own sports club,

including putting up copies of their own exercise programme:

“People were doing them {the exercises} ‘cause they were afraid they’d end up in the same
position and | kind of went on my own little campaign like guys, can you please look after your backs?
There’s no point three of us being like this, let alone just me. So, they were very open to doing

that...they kind of knew what was going on.” (P6)

Similarly, when asked what advice might be given to others about LBP, Participant 8

spoke about self-advocating when injured or in pain:

“...if you notice that ... your back is starting to hurt, even if it’s ... a little maybe just ...tell

your coaches and if they don’t let you {stop} just be like no, like kind of ... stand up for yourself.” (P8)

Further, Participant 8 regretted the way their first episode of LBP was handled. In

hindsight, they said:

“...it's really hard to go through back pain and ...I just ...regret not ... speaking up as much, I

mean [ definitely did, but I just wish I ... took care of myself more. .... you just need to be ... more ...

cautious | guess, if you ever feel pain and it’s just ... a really hard thing to go through.” (P8)
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2b. Athletes experienced a new awareness of their own limits after an episode of LBP.

In addition to learning the importance of speaking up for themselves after an episode of
LBP, the athletes had an increased awareness of their own limits. When asked about the
advice about LBP they would give to others, Participant 3 spoke about knowing their own

limits:

“just knowing your body, ... it definitely took me a while to know my body and know when 1
need to stop and just having those little ... cue points for yourself, ... knowing your limits and just

looking after yourself, definitely. Like not overdoing it, ... know when you need to stop.” (P3)

Participant 7 had a similar experience, speaking about knowing their own body’s limits and

their own relationship to having an injury:

“It made me more aware of my body and the limits that | can push my body to, and what | can't
push my body to. Um, it made me realise that... I shouldn't feel ashamed of having an injury and that it
wasn't, | was very much blaming myself for getting that injury and that it wasn't, it wasn't, obviously it-

I had to stop saying it was my fault, I- and just focus on the recovery process.” (P7)

2c. Self-perception after injury and perception of view of injury by others

Many of the athletes that participated in this study described the way they perceived
themselves after the development of pain. For some, their self-perception had changed and

remained changed for some time after injury:

“I think you brand yourself constantly. | think once you've gotten injured once with back pain,
you're constantly aware of it, like I'm constantly aware of it now, um, even though it has been more than

six months since | have felt it in that particular area.” (P7)

This included pre-emptively acting in ways to conceal their pain for fear of how they

would be perceived:
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“Ididn’t, I just didn’t want to seem like [ was ... being lazy or I didn’t want to just miss out
over- miss out on the training or anything like that. So normally if | did feel a bit of back pain, it would

take me a while to say it, or I wouldn’t say it at all.” (P3)

The athletes’ view of how their injury would be perceived by others also influenced how

they felt about their own injury:

“Well, | I- see, I never told the others about my injury ever because I knew that.... no one wants
to admit it, but when you find out that another athlete is injured, it's kind of a one up. Oh, you know

they're injured, | can take their spot, so you don't want to give that, uh, advantage away.” (P7)

2d. Effect of ‘role models’ within injury

In addition to perceiving how others might view their own injury, the adolescent athletes in
this study also discussed how viewing others who had been injured impacted them. For
some, coaches’ reactions to previous teammates’ injuries affected disclosure of their own

LBP. Participant 3 mentioned awareness that injury might be viewed as an ‘excuse’:

“...coaches sometimes ... they would be- people can use injury as an excuse not to train and |

always-1 never wanted a coach to think that about me.” (P3)

For some adolescent athletes, previous experiences with injured teammates created a

negative view of injury:

“I mean, we've never had a coach say don't tell us if you're injured, in that way. But it's kind of
in the way that anytime we would see someone get injured and you know, be out for a while, we'd see it
not turn out so well for them because they'd be out of training for two weeks, and they wouldn't be in the

running for a {competition} that would be a week later, so | don't know.” (P6)

“I think I've seen people who have gotten injuries and just the frustration of the slow
rehabilitation has led them to either... slowly kind of wither away and then and then disappear from the

sport...” (P7)
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For others, however, previous experience with an injured team-mate created a positive

view of injury and recovery potential:

“..or I have seen ... that-that girl, she had an amazing recovery, um, | just saw her stretching
constantly ... she was constantly on the bike doing different things to stay fit and active and then
eventually she was able to get {back to the sport} again. So, I think it's really how you, how you

approach the injury.’ (P7)

““cause there's been a lot of {teammates} who 've had back pain recently, and kinda, she's been
the one to tell us ... to step back a bit and just focus on getting better before we overwork ourselves, and

she’s been a good influence on it.” (P5)
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Theme 3: LBP has broad effects on the well-being of adolescent athletes.

Participants described effects that LBP had on them in sport, as well as on other aspects of

their lives.

3a: LBP affected participation in school

There were several ways that LBP affected adolescent athletes’ time at school. Some

described a loss of concentration at school due to the pain they were experiencing:

“I've had to take days off school, so just from...Not being able to ... fully...Um... almost like a

kind of fog, or ... irritability and so on that comes on from just being in a lot of pain sometimes.” (P1)

For others, the LBP they experienced was so severe that they were unable to go to school

at all:

“Yeah, so the following ... three days after that I didn't go to school.” (P4)

3b: LBP affected daily function. Adolescent athletes had a constant awareness of LBP and

potential for reinjury.

Many of the adolescent athletes in this study described how having LBP affected their
ability to move ‘normally’. Several participants described differences in the way they

would bend down to pick something up:

“But then sometimes if | was like reaching over to get something, like when my injury was at its
... worst, I guess if [ went to reach over for something I couldn't just ... do it, I'd have to ... be careful

about doing it.” (P2)

For some participants, LBP affected everyday function. Participant 3 described a scenario

where LBP affected the ability to sit:
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“So, for... a week and a half. I probably spent a lot of time on my floor, ... I'd eat my dinner on
the floor ... lying down on my stomach doing my homework just because it was ... an easier position for
me. And then, just ... sitting... Yeah, like sneezing and stuff {laughs} which is strange... yeah, I guess |
always sort of was ... cautious with doing different things so I was like oh, will this affect my back.”

(P3)

Similarly, other participants felt that they still limited their activities because of having had

LBP, although they were no longer experiencing LBP:

“I limit... my activities if I feel like I'm gonna hurt my back.” (P8)

“...obviously when you're injured you-you've a fear of... of increasing that injury and you also
have a fear, even now, you know, a fear at the back of my head, ‘Oh my God, what if this comes

back. " (P7)

The ‘fear’ of re-injury described by Participant 7 was common across many of the
participants. There was a strong emotional component to the experience of LBP described

by adolescent athletes.

3c: There was a wide range of emotional responses to the experience of having LBP.

At the time of first experiencing LBP, Participant 8 felt that their coaches did not take their
LBP seriously. Despite the reports of LBP, the coaches asked Participant 8 to continue to
participate in practice. Participant 8 felt that the success of the team was prioritised over

them as an individual:

“I was really angry, upset, I was stressed 1 was just ... it just didn't make any sense to me....
they would act like they care but they just care about ... winning and ...their team, they don't really care

about, ... me as a person, or ... anyone as a person I feel like. That's how it came off, at least.” (P8)

Participant 7 also described their emotional state at the time of first experiencing LBP, not

knowing what the best course of action was:
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“I was quite concerned. | was concerned that...even though I was {participating in sport}
through the injury and everything, I still wasn't {participating in sport} to my best without the injury ...1
was thinking, you know, is there any point in me {participating in sport} through this? Should I have
stopped and just let it, um, let it heal itself or... should I've kept- should | have still kept {participating

in sport} through it even though my performance wouldn't have been as good?” (P7)

Participant 7 also felt strong emotion when experiencing LBP for the first time, saying:

“...itkind of just made me feel like there was nothing really I could do.” (P9)

Similar to the fear of future reinjury previously described by Participant 7, Participant 3

said regarding their future in sport with LBP:

“Honestly, it kind of scares me a bit 'cause | don't know what's going to happen.” (P3)

3d: LBP affected ability to participate in sport

LBP also had an impact on adolescent athletes’ ability to participate in sport. For some,
this meant missing a few training sessions. Others were unable to compete or described

missed opportunities due to LBP:

“I stopped training obviously and I said I've done something to my back, I need to stop. And

the next week there was actually supposed to be...we were entered into a really high

performance...competition. I pulled out of it because of it.”” (P6)

For Participant 6, missing out on training and participating with teammates was worse than

experiencing LBP itself:

“So again, the pain didn't make things very hard, I think it was more everything that not being

training did to me was the hardest part wasn't so much the actual pain itself.” (P6)

Similarly, Participant 9 had a reduced experience participating in sport because of LBP:

“...it was completely limiting like my, my whole ability to play the sport or experience it.” (P9)
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4.4 Discussion

In this study of adolescent athlete experiences of LBP, three main themes were developed:
1) The culture of normalising LBP in sport negates safeguarding efforts aimed at
protecting adolescent athletes against injury and pain, 2) LBP changes how athletes are
perceived by others and how they perceive themselves, and 3) LBP has broad effects on

the well-being of adolescent athletes.

4.4.1 Approach to pain and injury within sport

Adolescent athletes in this study almost universally described a culture in sport where LBP
was considered to be normal. Some participants reported feeling that because it is so
normalised, athletes and coaches sometimes ‘forgot’ that LBP can be a problem for the
athlete. In keeping with this, psychological and sociological research in sport supports a
model in which an athlete’s sports network (sportsnet)33° or social group in sport can have
a significant effect on an athlete’s view of pain®3. In a study of injured National Collegiate
Athletic Association athletes, social support was consistently important throughout all
stages of rehabilitation®32. Participants in this study also reported discussing LBP with
teammates on a routine basis, creating a sense of camaraderie around the shared experience
of pain. In adolescents specifically, peer influence can have a greater impact on decision
making, and adolescents may not yet understand the long-term implications of decisions
they make®!L. In a setting where LBP is considered to be normal by peers, this could

impact the athlete by encouraging the non-reporting of their pain.

While a robust social network can have positive effects on injured athletes, such as
increased adherence to rehabilitation®2, an athlete’s social network can also be a source of

pressure®** or constraint3t 3%,

166



4.4.2 Coach-athlete relationship

The coach-athlete relationship is an important relationship within sport. Athletes are
trained to have an athletic dependence on their coach and other members of their athletic
team from a young age®®. In young athletes, qualities attributed to the coach-athlete
relationship can predict an adolescent’s positive developmental experiences in sport, such
as social and cognitive skills and goal setting®” 33, Coaches who are attentive to athletes’
needs are more likely to have a team with a better sense of psychological safety in the

team, and better relationships®3’.

It is possible that the coach-athlete relationship and sense of psychological safety could
impact whether an athlete reports an episode of LBP. Coaches were reported as a source of
external pressure to not report concussion according to a systematic review of concussion
reporting in high school and college-aged athletes®**. Furthermore, this pressure from
coaches may be viewed by athletes as acceptable. In a study of athletes’ perceptions of
their human rights within sport, over half of the athletes surveyed agreed or were neutral in

response to the statement *...it is sometimes ok for coaches to pressure me in any way.’.3%

In this study, several participants discussed the perceived feelings of their coaches towards
pain or injury. One participant described a situation in which the coach discussed their
LBP with the team when she was not present. She expressed concern about how this would
affect the team in relation to injuries of their own. An athlete’s perception of how a coach
may respond to pain or injury is important. The effects of perceived social support may be

more influential than received social support on health outcomes340 341,

Some of the athletes in this study discussed a sense of trust in their coach. For a few
athletes, the trust in their coach was broken following the experience of LBP. One
participant described a pattern of trusting their coaches followed by injury. This absolute

trust in coaches’ perceptions is common among young athletes. Young athletes often

167



‘transfer the control of their individual well-being onto the coach’, trusting that the coach
will know when the athlete’s pain or training loads are too great®'? 342, However, research
in young gymnasts has shown varying levels of knowledge around training load
monitoring in coaches®. Coaches may also underestimate the willingness of an athlete to
play through injury and conceal pain from the coach®!. Some adolescent athletes in this
study did not disclose injury or pain to their teammates or coaches. This is similar to what
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has been observed in adult rowers*>?, where a culture of concealment was noted.

4.4.3 Athletic identity

In this study, some athletes exhibited a personal drive to continue to participate in sport
despite injury. Some of these athletes wanted to fulfil personal goals, and others did not
want to let teammates down. This is in keeping with other findings regarding athletic
identity, which can form early in an athlete’s sport involvement3®. In recreational
basketball players, those with a higher sense of athletic identity expressed more positive
attitudes towards playing through pain3¥. In a systematic review on concussion reporting,
not wanting to let the team down and a strong sense of athletic identity were both linked to
concussion non-reporting, although the sense of athletic identity was a less common
reason®3*. Research in adolescent gymnasts has found that young gymnasts displayed an
internal drive to continue to play in pain®¥. The external factors with the most influence on
adolescent gymnasts included teammates and the media, similar to the adolescents in this
study who did not want to let teammates down*®. One participant described a feeling of
being ‘branded’ by herself and others following an experience with LBP. This has been
observed elsewhere, where athletes who have been injured take on an ‘injured role’**®,

which is viewed more negatively within sports®*’.
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4.4 4 Self-efficacy, advocacy, and athlete well being

Several athletes in this study discussed a new sense of self-advocacy or knowing what is
best for themselves after experiencing LBP. They discussed a new awareness of the limits
of the body, and ‘cue points’ to know when they may be overtraining. This is in keeping
with qualitative research on Olympic athletes, who reported a ‘learning by doing’ approach
to injury prevention, where athletes learned from previous injury3#. There has been
reported behavioural change following injury3#, which is consistent with the findings of
this study in which adolescent athletes had a new awareness of their limits after
experiencing LBP. Furthermore, research into sports injury-related growth supports a
model in which athletes recovering from injury are able to view injury as an opportunity

for growth and development®,

In contrast to these positive outcomes, many adolescent athletes in this study reported that
LBP affected their participation in sport, as well as on other aspects of their lives including
school, sleep, everyday function, and emotional well-being. There was a wide range of
emotional responses that the athletes had to LBP, including anger, stress, fear, and
helplessness. Research into the qualitative experiences of injured dancers shows that adult
dancers similarly experience similar negative emotional consequences of pain of injury *2.,
In a UK survey of athletes aged 15-18 years, 75% of participants reported experiencing

emotional harm during sport3®2,

Although LBP took a large emotional toll on the adolescent athletes in this study, some
participants took action to address the impact that LBP had on them by advocating for
themselves and others. Several participants in this study described efforts by themselves or
by other previously injured teammates to implement exercise programmes or instil
awareness about injury and pain in sport. It may be important to increase education and

awareness about injury reporting to allow adolescent athletes to have a safe space to
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discuss pain and injury. Research has shown that young athletes (aged 15-18 years) have a
low awareness of safe sport, and were not aware of where to report abuse allegations®2,
Similarly, in a study of adult athletes’ knowledge of their rights within sport, almost 20%
of respondents disagreed or were neutral in response to the statement ‘(When I am training
and competing in my sport) if | experience behaviour that | deem inappropriate, | can seek
assistance without fear of consequences or retaliation.’**°. Women were less likely than
men to believe that they could ‘freely seek assistance without fear of consequences or
retaliation.”3*°. This low knowledge of safe sport and rights within sport may be present in
athletes from a young age, so it should be addressed early in their sporting career. Some
athletes in this study also described not knowing the difference between ‘normal’ pain in
sport and abnormal pain. Education and training for both coaches and athletes on the

difference between good and bad pain in sports is needed. This will allow for increased

self-management of injury risk from a young age.

4.4.5 Safequarding adolescent athletes

Safeguarding in sport has been a major theme in recent policy making in sport. More
recently, the idea of safeguarding in sport has changed and expanded to include all forms
of violence in sport®**3 34, This includes non-intentional organisational violence®®. In an
updated International Olympic Committee (IOC) consensus statement, safeguarding in
sport now includes safeguarding against systems that promote overtraining or competing
with injury®®* 3% The athletes involved in this study spoke about a culture within sport of
normalising LBP, which may have contributed to some athletes participating in sport with
injury. Several participants reported playing or participating in sport through pain, as well
as concealing or choosing not to disclose pain to a coach. Playing with pain or injury has
been found to be common in sport34¢ 3%’ Research in elite young athletes has found that up
to one third of athletes have felt direct pressure to compete with pain or injury®’. There

can also be indirect pressure, such as the perception that absences due to injury may not be
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legitimate®*®. Alhough all athletes have a right to ‘engage in safe sport’, research has
shown that athletes have an incomplete knowledge of their rights within a sporting
context®®. The socialisation and normalisation of LBP observed in adolescent sport in this
study negates the efforts of safeguarding policy, as it creates an environment in which

young athletes participate in sport despite pain.

4.4.6 Clinical implications and recommendations for future research

Recommendations for coaches:

e Create a safe space for pain and injury reporting.
e Provide education of ‘normal’ vs. abnormal thresholds of pain.

e Promote early disclosure of injury and pain for adolescent athletes.

Recommendations for adolescent athletes:

e Learn about the differences between normal and not normal levels of pain.

e Education about the impacts of concealing pain and injury.

4.4.7 Limitations
The recruitment settings for this study may have created a bias in those that volunteered for

participation in this study. For example, the LBP experience of those that present to a
Sports Medicine clinic may not be representative of the average adolescent athlete LBP
experience. There were more participants involved in rowing in this study than other
sports, which may impact the LBP experience. Participant reporting in this study could

have been impacted by the necessary presence of parents/guardians during interviews.
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4.6 Conclusion
The lived experience of LBP for adolescent athletes is impacted by a culture of tolerance
of pain and injury in sport. Further steps should be taken to implement safeguarding

measures in a way that adequately protects adolescent athletes who experience pain.
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What was already known?

e LBP is common in adolescent athletes.
e LBP is the leading cause of disability worldwide and has large social and economic costs for

adults.

What this study adds:

o For adolescent athletes, the LBP experience is impacted by a culture of tolerance of pain and
injury in sport.
e LBP may change how an adolescent athlete perceives themself.

e LBP affects the wellbeing of an adolescent athletes in domains other than sport.

How this study might affect research, practice, or policy:

¢ Inclinical practice, clinicians should be aware of the need for education about ‘normal’ vs.
abnormal pain for adolescents participating in sport.
e Safeguarding policies in sport may need to expand to include specific implementation of a safe

space for injury reporting.

Figure 4-4: Summary of Study IlI.
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Chapter 5: Healthcare professionals’ assessment, management,
and beliefs about low back pain in adolescent athletes

Best research
evidence

Clinical
Patient expertise

values clinician
survey

Figure 5-1: Sackett model of evidence-based medicine

5.1 Introduction
In the previous three chapters, we established that low back pain (LBP) is commonly

experienced by adolescent athletes, that there are a wide range of associated morphologies,
and that LBP can have wide-ranging impacts on an adolescent athlete’s life. Despite this,
existing LBP management guidelines are largely based on information from studies of LBP
in adults®P. There is less information currently available on treatment for athlete LBP in
younger people, with only four randomised controlled trials (RCTs) on management
included in a 2014 systematic review of child and adolescent LBP**’. The absence of
treatment guidelines specific to adolescent athletes overlooks the unique differences
between adults and adolescents which may warrant alternative management strategies. For
instance, for adolescents, the pain experience may be affected by parent/guardians and
peers®. There are also important biological and physiological differences, including the

growing skeleton and the onset of puberty and maturation during adolescence.
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361 and there

Even when published management guidelines exist, they can be of low quality
is often a disparity between recommendations and clinical practice®®°. For example,
recommendations such as encouraging the provision of education, remaining active, and

360

limited use of imaging are often not followed in practice**. One of the barriers to

implementation of LBP guidelines has historically been low knowledge and

misconceptions that clinicians have about the guidelines®®

. It is important to explore the
current management practices for LBP in adolescent athletes to establish whether it follow
best practice, and to allow for the future implementation of targeted management

guidelines. Because of the absence of specific care pathways or guidelines for adolescent

LBP, the authors will reference adult LBP guidelines throughout this study.

To assess the current management practices of LBP in adolescents, we designed a two-part
survey. The survey tool was adapted from responses given in a Delphi study of clinicians
treating adult rowers®®2, along with adult LBP recommendations®®. The first part of this
survey assessed current practices for assessment and management of LBP in adolescent
athletes. The second part of the survey focused on LBP beliefs of treating healthcare
professionals. Beliefs and expectations about pain can shape the experience of pain®3,
Negative back pain beliefs in adults are linked to poorer outcomes in LBP*%*, such as
increased pain and disability. This is also true in adolescents; in 17-year-olds, negative
LBP beliefs affected behaviour associated with LBP, including increased care seeking and

activity modification®,

Patient beliefs about LBP may be affected by LBP beliefs held by the healthcare
professionals (HCPs) managing their LBP 3%°3¢7_ For instance, patient fear avoidance
beliefs are in line with the fear avoidance beliefs of their treating HCP 3%°. Even when LBP
beliefs among HCPs differ by professional group, the beliefs of patients remain in line with
their treating HCPs®®. It is important to assess the beliefs about LBP held by HCPs to

ensure that up-to-date and evidence-based information is conveyed to patients.
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5.1.1 Aims and objectives

Aim: To explore current management of LBP in adolescent athletes, including the LBP

beliefs of clinicians.
Obijectives:

To establish current assessment and management practices of HCPs managing LBP

in adolescent athletes

e To establish the back pain beliefs of HCPs managing LBP in adolescent athletes

e To establish whether assessment, management, or beliefs varied based on
geographical region or healthcare profession.

e To explore the components of adolescent LBP care that HCPs identify as differing

from adult LBP care.
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5.2 Methods
5.2.1 Study design

The design of this survey was a cross-sectional online survey consisting of open and closed
end questions. Study recruitment took place from July to September 2022. Two forms of
recruitment were used. The survey was disseminated on social media (Twitter; see
Appendix 5-1) and via gatekeepers at various Irish healthcare professional organisations
(Irish Nurses and Midwives Organisation, Athletic Rehabilitation Therapy Ireland, Irish
Society of Physician Associates, Irish Society of Chartered Physiotherapists, Irish College
of General Practitioners, and Chiropractic Association of Ireland). The study received
ethical approval from the Trinity College Dublin School of Medicine Research Ethics

Committee (application no: 20220505) (Appendix 5-2).

5.2.2 Participants

Participants were eligible to take part in this study if they fit the eligibility criteria listed

below:
* They were a healthcare professional

* They had self-reported experience managing LBP in adolescent athletes (aged 10-

19)

* They had at least one year of clinical experience and 1 year of experience

managing LBP in adolescent athletes

Snowball sampling was used to recruit participants, which is a non-probability
technique®®®. The goal study size was 40 responses. This is an exploratory study so there

were no previous studies on which to base the expected study size.

5.2.3 Variables
Data was collected using a purpose-built survey on Qualtrics (Qualtrics, Provo, UT,

https://www.qualtrics.com) (Appendix 5-3). The survey questions were based on a
177



previous Delphi study of clinicians treating adult rowers®®2. Survey questions and response

360 and

options were based on answers given in the Delphi study®®?, best practice guidelines
on clinician experience. To develop the survey, there were five rounds of editing with a

team of clinicians experienced in musculoskeletal practice. For this survey, ‘initial triage
phase’ was defined as first contact with a clinician. ‘Acute phase’ was defined as the first

week of an acute episode of LBP. ‘Subacute phase’ was defined as partial return to sport.

‘Rehabilitation phase’ was defined as normal return to sport training load.

Part two of the survey was the 20-item version of the Back Pain Attitudes Questionnaire
(BackPAQ) (Appendix 5-4)*%°. This version on the BackPAQ has good reliability*™. It has
previously been validated in general public and general practitioner populations and has

high correlation with the original 34 item version®%,

5.2.4 Data analysis

For Part One of the survey, response options that received over 90% support were
considered to have high agreement, and those that received under 15% support had low
agreement. These cut-offs were decided using as recent Delphi study as a basis for high
and low agreement, with some adaptation®’2. An upper limit of above 90% was agreed

upon for high agreement, and a lower limit of below 15% for low agreement.

For open-ended question data analysis, the six-phase process of reflexive thematic
analysis outlined by Braun and Clarke was chosen32-323, A realist ontological standpoint
was used, as the aim was to document the current management techniques for adolescent
athlete LBP, which assumes a ‘knowable reality...waiting to be discovered’3%. The
epistemological standpoint for this study was realist, using a experiential qualitative
framework, as the study sought to capture and describe clinicians’ current management
methods and experiences with treating adolescent athletes 2. For this study, there was a

deductive orientation to the data since the survey contained set questions, and the data was
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analysed within this framework3?°. The focus of meaning was entirely semantic. Since
survey answers were provided in written form, there was little room for exploration of the
meaning behind the data, and data analysis was of the explicitly stated ideas. Fitting with
this, our theoretical framework was more essentialist/realist than relativist/constructionist,
since the researchers aimed to capture the adolescent athletes’ experiences as they were

expressed°,

Part Two of the survey was analysed using the scoring system for the BackPAQ3®°
370 Each item on the 20-item questionnaire is scored using a five-point Likert scale.
Participants indicate their level of agreement with each item (‘False’, ‘Possibly false’,
‘Unsure’, ‘Possibly true’, ‘True’). The response ‘False’ receives one point, and ‘True’
receives five points. For two items, (numbers 1 and 17), the direction of the scoring is

reversed. Higher scores on the BackPAQ indicate unhelpful back pain beliefs.
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5.3 Results

5.3.1 Characteristics of participants

There were 84 participants that consented to participation in this study. Of these, 80
provided their current profession. There were 69 physiotherapists, four chiropractors, three
sports medicine physicians, one sports therapist, one surgeon, one physician assistant, and
one emergency physician. Most participating clinicians (62) were currently practicing in
Europe, followed by Oceania (7), Asia (2), and North America (2). There were no
participants practicing in Africa or South America. Most clinicians currently work in
private practice (46). More clinicians did not hold a sport-specific degree (44) than those
who did (27), and most clinicians’ highest qualification was a master’s degree (34) or
bachelor’s degree (33). Most clinicians had between six and 25 years of clinical experience
(50 respondents). Seventy-five participants had more than one year of experience
managing LBP in adolescent athletes, and the majority had between one and 15 years of
specific LBP experience (48 respondents). Most clinicians treated 5 or less adolescent
athletes with LBP per month.

5.3.2 Survey Part One results

5.3.2.1 Initial triage phase
There were 64 participants answered the set of questions referring to the initial

triage phase. These are summarised in Table 1.
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Question Low agreement (under 15%o) High agreement (over 90%o)
What subjective/interview None. 24-hour pattern of pain
questions guide your Aggravating and easing
management of adolescent factors
athlete low back pain in the History of current LBP
initial triage phase? episode
Occurrence of pain with
activities of daily living
Past history of LBP
Past medical history
Recent changes to sport
workload
Red flags
Sleep
Sport type(s)
Training hours per week,
per sport
Type/nature of pain
What objective/physical None. Pain responses to lumbar
examination findings guide your range of
management of adolescent movement/flexibility
athlete low back pain in the
initial triage phase?
What (non-pharmacological) e Acupuncture Communication with
treatment/management e Brace/external support parent/guardian
strategies and/or principles do e Surgical consult Education and
you use in the initial triage e Taichi reassurance about LBP
phase of adolescent athlete low e Yoga Training load
back pain? management
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Table 5-1: Level of agreement for initial triage phase.
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When asked to provide any other relevant information about the initial triage phase,

participants discussed the following topics:

Ice/cold therapy (one participant)

Unload from aggravating activities (one participant)

e Growth spurts (one participant)

e Red flags and neurological signs (three participants)

e Referral to a nutritionist or dietician if needed (one participant)

e Communication with other healthcare providers (three participants)
e Surgical consult if indicated (three participants)

e Patient journey to date (one participant)

¢ Imaging (one participant)

e Pharmacological management (one participant)

5.3.2.2 Acute phase
There were 46 participants who answered the set of questions referring to the acute

phase. These are summarised in Table 2.
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Question

Low agreement (under 15%o)

High agreement (over 90%o)

What subjective/interview None. e Aggravating and easing
questions guide your factors.

management of adolescent e Recent changes to sport
athlete low back pain in the workload.

acute phase? e Type/nature of pain.
What objective/physical None.

examination findings guide your

e Quality of movement
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management of adolescent
athlete low back pain in the
acute phase? Please select all
that apply.

What (non-pharmacological)
treatment/management strategies
and/or principles do you use in
the acute phase of adolescent
athlete low back pain?

Acupuncture

Avoid axial load through
the spine

Brace/external support
Surgical consult

Tai chi

Communication with
parent/guardian
Education about LBP
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Table 5-2: Levels of agreement for acute phase.
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When asked to provide any other relevant information about the acute phase,

participants discussed the following topics:

e Reassurance and education around the timeline for recovery (1 participant)
e High degree of suspicion for stress fractures (1 participant)

e Addressing negative beliefs (1 participant)

5.3.2.3 Subacute phase
There were 39 participants who answered the set of questions referring to the

subacute phase. These are summarised in Table 3.
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Question

Low agreement (under 15%)

Moderate agreement (15-89%o)

High agreement (over 90%o)

What subjective/interview
questions guide your
management of adolescent
athlete low back pain in the
subacute phase?

None.

24-hour pattern of pain.
Ability to complete
activities of daily living.
Aggravating and easing
factors.

Athlete confidence in
improvement in low back
pain and function.
Competition hours per
month.

Goals for treatment.
History of current low
back pain episode.

Level of athlete’s
confidence in progress.
Level of morning stiffness
or generalised stiffness.
Level of pain during sport.
Level of pain with cross-
training modalities.

Life stressors.

Pain quality and severity.
Past history of low back
pain.

Past medical history.
Red flags.

Reduction in medication.
Response to medication.
Responses to rest and
activity.

Sleep.

Sport type(s).

Improvement of
symptoms.

Recent changes to sport
workload.
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Training hours per week,
per sport.

Type/nature of pain.
Year in school.

What objective/physical
examination findings guide your
management of adolescent
athlete low back pain in the
subacute phase?

None.

Neurological testing.
Pain levels during
activities of daily living.
Pain levels during sport.
Pain responses to lumbar
range of
movement/flexibility.
Pain responses to
palpation.
Posture/general
observation.

Quiality of movement.
Sitting tolerance.
Sport-specific ranges of
motion.

Trial return to sport.

e Functional tests.

What (non-pharmacological)
treatment/management strategies
and/or principles do you use in
the subacute phase of adolescent
athlete low back pain?

e Acupuncture (2
participants)

e Avoid axial load through
the spine (0 participants)

e Brace/external support (1
participants)

e No sport-specific
training (4 participants)

e Surgical consultation (1
participant)

e Tai chi (0 participants)

Coach/friend/family
support.
Cross-training.
Functional exercise

rehabilitation programme.

Involvement of a strength
and conditioning coach.
Involvement of athlete in
treatment planning.
Manual therapies.

None.
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Massage.

Mindfulness techniques.
Ongoing use of
medication.

Pilates.

Progression towards sport-
specific spinal load
requirements.
Psychology services.
Progression towards sport-
specific range of
movement.

Return to sport in a
gradual re-loading
programme.

Return to sport without
pain.

Short sport-specific
exercise.

Soft tissue treatment.
Technical coaching.
Yoga.

Table 5-3: Levels of agreement for subacute phase.
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When asked to provide any other relevant information about the subacute phase,

participants discussed the following topics:

e More emphasis on returning to sport with no pain for adolescents compared to
adults (one participant)

e Age-dependent interventions (one participant)

5.3.2.4 Rehabilitation phase
There were 33 participants who answered the set of questions referring to the

rehabilitation phase. These are summarised in Table 4.
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Moderate agreement (15-89%)

Question

Low agreement (under 15%o)

High agreement (over 90%o)

What subjective/interview
questions guide your
management of adolescent
athlete low back pain in the
rehabilitation phase?

None.

e 24-hour pattern of pain.

e Ability to complete
activities of daily living.

e Aggravating and easing
factors.

e Athlete confidence in
improvement in low back
pain and function.

e Competition hours per
month.

e Goals for treatment.

e History of current low
back pain episode.

e Improvement of
symptoms.

e Level of morning stiffness
or generalised stiffness.

e Level of pain after sport.

e Level of pain during
sport.

e Level of pain with
activities of daily living.

e Pain quality and severity.

e Past history of low back

pain.
e Past medical history.
e Red flags.

e Reduction in medication.
e Response to medication.

e Recent changes to sport
workload.

192



Response to rest and
activity.

Sleep.

Sport type(s).

Training hours per week,
per sport.

Type/nature of pain.
Year in school.

What objective/physical
examination findings guide your
management of adolescent
athlete low back pain in the
rehabilitation phase?

None.

Functional tests

Trial return to sport

Pain levels during sport
Sitting tolerance

Pain response to palpation
Neurological testing

None.

What (non-pharmacological)
treatment/management strategies
and/or principles do you use in
the rehabilitation phase of
adolescent athlete low back
pain?

No sport- specific
training

Massage
Brace/external
support

Avoid axial load
through the spine
Acupuncture
Yoga

Tai chi

Surgical
consultation
Pilates

Address risk factors with
coach and athlete.
Assessment of quality of
movement during sport.
Biomechanics.
Coach/family/friend
support.

Communication with
coach.

Communication with
parent/guardian.
Cross-training.
Education and
reassurance about low
back pain.

e Education and
reassurance about low
back pain.

e Returnto sportina
gradual re-loading
programme.

¢ Planned programme for
full return to training
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Functional exercise
rehabilitation programme.
Individualised strength
and mobility programme.
Involvement of a strength
and conditioning coach.
Involvement of athlete in
treatment planning.
Manual therapies.
Mindfulness techniques.
Participation in sport with
no pain.

Progression toward sport-
specific spinal load
requirements

Return to sport without
pain.

Psychology services.
Pilates.

Self-management by
athlete.

Short sport-specific
exercise.

Soft tissue treatment.
Technical coaching.
Yoga.

Table 5-4: Levels of agreement for subacute phase.
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When asked to provide any other relevant information about the rehabilitation phase, one
participant discussed getting the parent/guardian and coach on the same page as the

adolescent athlete and physiotherapist.

5.3.2.5 Patient-reported outcome measures

There were 33 participants who provided a response to the question What patient-reported
outcome measures/questionnaires do you use to assess low back pain? (select all that
apply). No questionnaires received over 90% support, but the questionnaire with the
highest amount of support was the Visual Analogue Scale (25 participants chose this

response). There were nine questionnaires with under 15% support (Figure 5-2).

Patient- reported outcome meaures

Visual Analogue Scale

Start Back Screening tool

Sciatic Bothersome Index

Roland Morris Disability Index

Patient Specific Functional Scale
Outcomes measures not frequently used
Oswestry Disability Index

Orebro Musculoskeletal Questionnaire
Nodic Musculoskeletal Questionnaire
Becks' Depression Index

ASIA chart

Outcome measure (OM)

o

5 10 15 20 25 30
Number of participants who selected this OM

Figure 5-2: Number of participants who selected each outcome measure.
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5.3.2.6 Psychosocial factors
There were 33 participants that provided a response to the question What yellow
flags/psychosocial components of adolescent athlete low back pain do you typically

consider throughout all phases? Please select all that apply.

There was only one response option, anxiety, which received over 90% support. There
were no responses which had under 15% support. There was one response added by a
participant, which was parental pressure, personal high expectations and pressure put on

oneself.

5.3.2.7 Differences between adult and adolescent athletes

Of 31 respondents, 28 answered yes to the question If you also treat adult athletes, are
there any physical differences between adult and adolescent athletes that affect your
management of low back pain? From the answers provided about these differences, several
common themes were developed 1) the impact of growth and the adolescent growth spurt
2) an increased awareness of spondylolysis in this age group 3) the possibility of
overtraining or high training loads in adolescent athletes. See Table 5-1 for quotations

supporting each theme.

Theme 1: the impact of growth and the adolescent growth spurt
Example Quotation Participant
number

“If a patient is still growing then it is important to identify if some | 3
of the discomfort can be due to growth patterns.”

“Adolescent athletes may be growing, this can change relative 6
flexibility and strength and requires energy.”
“Recent growth spurts. Strength deficits as the body adapts to 7

recent growth.”
“Rapid growth in height and muscle mass in teens and to a lesser | 32
extent primary school children.”
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Theme 2: an increased awareness of spondylolysis in this age group

be involved in number of sports”

Quotation Participant
number

“Frequency of spondylolysis in adolescents.” 25

“Higher incidence of bone stress injuries in certain adolescent 27

athlete categories. Lower threshold for investigation of bone

stress injuries in adolescents.”

“Skeletal maturation. Always aware of potential for pars defect/ | 34

Spondylolysis in immature skeleton, may image extension based

back pain more quickly in adolescents.”

Theme 3: the possibility of overtraining or high training loads in

adolescent athletes.

Quotation Participant
number

“In my experience, a combination of growth spurts and increased | 29

sport loading can contribute to trigger an episode of lower back

pain.”

“Often overtraining if talented in their sport e.g., playing for 32

multiple teams different ages. May compete against children with

much higher body weight increases risk of injury in contact

sport.”

“Adolescent training/ competition hours often excessive as may 42

Table 5-5: Quotations to support themes regarding physical differences between adult and adolescent

athletes.

Of 28 respondents, 22 answered yes to the question If you also treat adult athletes, are

there any psychosocial differences between adult and adolescent athletes that affect your

management of low back pain? From the answers provided about these differences, two

themes were developed: 1) decreased adolescent experience and understanding of LBP and

2) external pressure from family and coaches. See Table 5-2 for quotations supporting each

theme.

197



Theme 1: decreased adolescent experience and understanding of LBP

more coach pressure/ influence’

Quotation Participant
number
‘I try to keep my explanations with young athletes as simple as 1
possible, I want to make sure that they understand their back pain
and how their body moves. They may not have the maturity to
take ownership of their recovery. Getting buy-in from their
parents is crucial for me to help them make a full return to sport.’
‘Often adolescents may be experiencing their first episode of low | 6
back pain or their very first injury, they need education to
alleviate fear’
‘Maturity/experience and their ability to understand their clinical | 7
presentation, fear of pain.’
‘Adolescents may have more an external control of the demands | 9
of their sport and are not as able to voice their concerns or
appreciate when things are going too far for their bodies at a
particular time point (less experience with their body, higher
demands of the sport and acceptable outcomes).’
Theme 2: external pressure from family and coaches.
Quotation Participant
number
‘Pressure from parents and team to resume ASAP’ 25
‘Undue pressure to perform by parent/guardian and/or coach’ 28
‘Adults are generally more autonomous, adolescents come under | 42

Table 5-6: Quotations to support themes regarding psychosocial differences between adult and adolescent

athletes.

5.3.2.8 Pharmacological management

There were 28 participants that provided an answer to the question If applicable to your

profession, what pharmacological management techniques would be included in the

management of adolescent athlete low back pain? (please select all that apply).

For 17 participants, this question was not applicable. The three response options with the

most support were non-steroidal anti-inflammatories (11 participants selected this

response), oral paracetamol/acetaminophen (11 participants), and muscle relaxants (4
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participants). Topical analgesics (3 participants), steroids (2 participants), narcotics (0

participants), and injection (0 participants) received the least support.
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5.3.3 Survey Part Two results

In Part Two of the survey, 30 participants fully completed the BackPAQ. There were 27
physiotherapists, 2 chiropractors, and one sports medicine physician. Scores on the
BackPAQ ranged from 20-61. The mean score was 37.6 (SD: 9.6), and the median score
was 37. There were four participants with scores above 50 (three physiotherapists and one
chiropractor). There were six participants with scores between 20 and 29 (all

physiotherapists). One participant (3.33%) had the lowest score possible (20 out of 100).

There were no significant differences in mean scores when compared using one-way
analysis of variance (ANOVA) by years of clinical experience (f=.205, p=.892), years of
experience managing adolescent athletes with LBP (f=.198, p=.897), number of
adolescents with LBP seen per month (f=.460, p=.636), or geographic region (f=0.223,
p=.801) (see Tables 5, 6, 7 and 8). Analysis by clinician type was not possible as it was not
sufficiently powered. Table 9 shows the percentage of participants who chose True or
Possibly True for each question. This table is based on previous reporting of BackPAQ

results in a study on bending and lifting beliefs in people with LBP37,

Report ANOVA

Score Score

Years clinical Std. Sumof df = Mean F  Sig.

experience Mean N  Deviation Squares Square

1-5 years 39.0 3 6.6] Between 61.7 3 206 21 .89
Groups

16-25 years 383 12 10.4 Within 26095 26 100.4
Groups

25+ years 38.6 7 12.2 Total 2671.2 29

6-15 years 35.3 8 7.9

Total 376 30 9.6

Table 5-7: Mean scores (left) and ANOVA results (right) for years of clinical experience.
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Report ANOVA

Score Score

Years Mx Sig.

Adolescent Std. Sum of Mean

LBP Mean N Deviation Squares df Square F

1-5 years 38.3 7 4.9 Between 59.8 3 199 19 .89
Groups

16-25 40.0 6 8.3 Within 26114 26 1004
Groups

25+ years 36.3 4 16.7 Total 2671.2 29

Total 376 30 9.6

Table 5-8: Mean scores (left) and ANOVA results (right) for years of experience managing adolescent
athlete low back pain.

6-15 years 365 13 10.3 | I
| | |

Report ANOVA

Score Score

Geographic Std. Sum of Mean

region Mean N  Deviation Squares df Square F  Sig.

Europe 375 23 10.7 Between 435 2 217 .22 .80
Groups

North America  44.0 1 . Within 2627.7 27 97.3
Groups

Oceania 37.0 6 4.8 Total 26712 29

Total 37.6 30 9.6 I N N

Table 5-9: Mean scores (left) and ANOVA results (right) for geographic region.

Report ANOVA

Score Score

Number seen Std. Sum of Mean

per month Mean N  Deviation Squares df Square F  Sig.

11-30 34.0 1 . Between 88.0 2 440 46 .64
groups

5 or less 388 20 10.7 Within 2583.2 27 95.7
groups

6-10 35.3 9 7.2 Total  2671.2 29

Total 376 30 9.6

Table 5-10: Mean scores (left) and ANOVA results (right) for number of adolescent athletes seen per month.
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Item Percentage true** | N (total) Mean score (1- | Mode score (1-5)
5)
1. Bending your back is good for it*. 90.1%* 29 (32) * 1.31* 1*
2. Itis easy to injure your back. 18.8% 6 (32) 2.09 1
3. If you overuse your back, it will wear out. 12.5% 4 (32) 1.56 1
4. If an activity or movement causes back pain, you should avoid it in future. 6.3% 2(32) 1.59 1
5. You could injure your back if you are not careful. 34.4% 11(32) 2.3 1
6. Back pain means that you have injured your back. 9.4% 3(32) 1.6 1
7. Atwinge in your back can be the first sign of a serious injury. 9.7% 3(31) 1.6 1
8. Having back pain makes it difficult to enjoy life. 59.4% 19(32) 31 4
9. Itis worse to have pain in your back than your arms or legs. 6.3% 2(32) 1.8 1
10. It is hard to understand what back pain is like if you have never had it yourself. | 62.5% 20(32) 3.25 4
11. If your back hurts, you should take it easy until the pain goes away. 25% 8(32) 2.22 1
12. If you ignore back pain, you may cause damage to your back. 34.4% 11 (32) 241 4
13. It is important to see a health professional when you have back pain. 75.0% 24 (32) 3.72 4
14. To effectively treat back pain, you need to know exactly what is wrong. 21.9% 7(32) 1.97 1
15. If you have back pain, you should avoid exercise. 0.0% 0(32) 1.13 1
16. When you have back pain the risks of vigorous exercise outweigh the benefits. | 15.6% 5(32) 2.03 2
17. If you have back pain, you should try to stay active*. 100%* 32(32) * 1.00* 1*
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18. Once you have had back pain there is always a weakness. 12.5% 4 (32) 1.66
19. There is a high chance that an episode of back pain will not resolve. 6.51% 2(31) 1.34
20. Once you have a back problem, there is not a lot you can do about it. 0.0% 0 (31) 1.03

Table 5-11: percentage of participants who chose True or Possibly True for each question.

*Indicates reverse direction of scoring.

** ‘True’ refers to selections corresponding to 4 and 5 points on the BackPAQ scoring scale.
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5.4 Discussion

5.4.1 Subijective and objective assessment

Overall, there was low agreement on subjective and objective items included in a LBP
assessment. This was true across all phases, except subjective interview questions in the
initial triage phase, in which all but four items received high agreement. It is possible that
this lack of agreement could be due to variation in LBP conditions®®’. When asked to
provide additional information about the initial triage phase, one clinician wrote “This is
very variable depending how the patient presents at the time, how severe and irritable the
patient is and how close and important the competition is”. In LBP guidelines, there are
recommendations for diagnostic triage using general history taking and physical
examination, but no specific details on items included in subjective or objective
examination, fitting with the results of this survey?®?. Similarly, assessment of psychosocial
factors is recommended?®?, but only one item (anxiety) received over 90% support,
showcasing the wide variation in assessment techniques. Overall, subjective and objective
examination techniques used across all phases appeared to be dependent on patient

presentation.

5.4.2 Non-pharmacological management of adolescent athlete LBP

In questions regarding non-pharmacological management, only a few items received over
90% support from the participant group. In the initial triage and acute phases, the focus
was on communication and education, as well as training load management in the initial
triage phase. This is consistent with management recommendations that consistently
advocate for patient education about LBP, reassurance that symptoms will improve, and
advice to stay active?®? 360, A recent systematic review of LBP treatment in adult athletes,
however, found that reassurance and advice to stay active was not included in the treatment
of sport-related LBP*. In the subacute phase, there was no agreement over 90% on any

non-pharmacological management technique. In the rehabilitation phase, the two items that
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received over 90% support were about return to training. This is consistent with the athlete
LBP recovery focus of this survey but is not included in general LBP guidelines. The same
systematic review of LBP management for adult athletes also found that there is little

evidence regarding the effect of LBP management on return to sport*,

In questions regarding non-pharmacological management across all phases, there was
consistent low support for the options brace/external support, acupuncture, tai chi, and
surgical consultation. The low support for braces/external supports is consistent with
existing evidence. Back supports are generally not recommended®®°, however this advice is
from guidelines aimed at those aged over 16 years old. As discussed in Chapter 3, the role
of external bracing in adolescent athletes is controversial. Although the use of bracing may
allow for a slightly faster return to sport?’, it appears that there are no long-term effects on

functional outcomes (such as recurrence, pain, and functional ability)*?3 2%,

Acupuncture also consistently received low support from the clinician sample. This is in
line with current recommendations, where acupuncture is recommended only as a second
line or adjunctive treatment. There is some disagreement in guidelines about passive
treatments like acupuncture?®?. Some guidelines do not recommend them, while others may

consider them for patients whose LBP does not respond to other treatments3®°,

The management option ‘surgical consultation’ received low support across all phases,
although many participants stipulated that this is dependent on red flags. This is also
consistent with existing management guidelines, in which the role of surgery is limited and

not consistent36°,

The low support for tai chi as a management option is also consistent with existing
management guidelines. In a 2018 overview of guidelines, all included guidelines
recommended exercise therapy, but there was no consistency regarding type of exercise
programme?®2, Tai chi was included as a recommendation in some guidelines, but others
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recommended other types of exercises such as yoga or aquatic exercise?®2. There is a lack
of specific recommendations for those that already participate in exercise, such as
adolescents participating in sport. A recent systematic review on LBP treatment in adult

athletes called for more research on the effect of LBP treatments on athletes specifically

150

Overall, clinician responses to questions about non-pharmacological management followed
existing management guidelines. The low number of items that received over 90% support
suggests that adolescent athlete LBP necessitates an individualised management

programme based on athlete presentation.

5.4.3 Pharmacological management of adolescent athlete LBP

In management recommendation guidelines from the American College of Physicians,
non-pharmacological care is now recommended as the first line of treatment for LBP34,
This reflects the changing understanding of LBP management, with emphasis on a
biopsychosocial management model rather than the traditional biomedical model®®. The
use of medication, however, still sometimes has a place in the management of LBP. There
were eleven participants to whom the question about pharmacological management was
applicable. Of these, all eleven participants chose both oral paracetamol/acetaminophen
and non-steroidal anti-inflammatories (NSAIDs). Both US*"* and UK3"™ guidelines now
recommend against the use of paracetamol, with the use of NSAIDs recommended
instead®’*. There is still controversy about this, as in a 2018 overview of LBP management
guidelines, eight of 14 included guidelines recommended paracetamol, while five
recommended against its use?®?. The most recent guidelines in this group did not
recommend paracetamol?®2. In some LBP guidelines, opioid use is not recommended for
LBP3¢°, although some guidelines recommend the use of weak opioids for short periods of
time, if NSAIDs are ineffective?®?. No participants in this survey selected narcotics as an

option for pharmacological management.
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Research suggests that analgesic use is common in young athletes (aged 15-24)376,
Approximately one in two youth athletes reported the use of NSAIDs in this study®’®, a

similar use rate to that of elite/senior athletes®”’

. Although guidelines suggest that
analgesics should not be used for pain prevention, some youth athletes reported using
analgesics to prevent pain to enable participation in sport®’, It has been suggested that
existing evidence is not sufficient to guide clinicians in the use of analgesic management®®
377 Considering the risks to adolescent athletes that analgesic use can present, clinicians

should consider the benefits and risks of analgesic use, along with the reasons for analgesic

use in adolescent athletes.

5.4.4 Patient-reported outcome measures

In the question regarding the use of patient- reported outcome measures, the Visual
Analogue Scale (VAS), received the most support from participants (25 participants).
Although the VAS is useful to examine pain levels and is commonly used in LBP
assessment/management, it omits other dimensions of LBP that are important to assess,
such as function®"8. A clinical practice guideline from the American Physical Therapy
Association (APTA) recommends the use of other measures, such as the Roland Morris
Disability Questionnaire or the Oswestry Disability Index, to assess LBP38, In this survey,
there was low support for these measures. Only one participant selected the RMDQ, and

four participants selected the ODI as an outcome measure they use to assess LBP.

5.4.5 Physical differences between adults and adolescent athletes

There were three themes developed from responses regarding physical differences between
adolescent and adult athletes. The impact of growth on adolescent athletes was discussed
by several participants. This is an important consideration in adolescents, as adolescents
can be at increased risk of injury during a growth spurt?®*, Beyond the direct
musculoskeletal effects of growth, such as articular surfaces that can withstand lower stress

thresholds?®-30, there may also be interactions between growth and increased sport
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workload because of the timing of the adolescent growth spurt?®. This also ties in with
another theme developed from participant responses: the possibility of overtraining or high
training loads in adolescent athletes. Because the adolescent growth spurt can take place at
a time when sport workload is increasing, this can lead to increased susceptibility to injury.
Maximum growth occurs in the middle years of adolescence (12 years for girls, 14 years
old for boys), and continues into older adolescence (16-20 years old)*®*. During
development, an adolescent’s bone growth outpaces the growth of muscles, leading to
decreased flexibility and increased injury risk?®3. These predisposing factors combined

with the sport-specific risks such as poor technique or overtraining can lead to injury?®,

A potential reason for high training loads in adolescent athletes is the increasing emphasis
on sport specialisation in young athletes?®”. Sport specialisation involves an athlete
focusing exclusively on one sport, often year-round?’ 288, Often, athletes choose to
specialise as they, their parents, or their coaches aspire to reach elite performance levels. In
most sports, specialisation has not been shown to increase elite status, and has many
deleterious effects on the athlete, such as increased risk of injury and psychological

stress288,

There was also an increased awareness of spondylolysis in this age group. In previous
chapters of this thesis, spondylolysis was identified as the most commonly reported
specific diagnosis across 13 studies that reported specific LBP-related diagnoses (Chapter
2)%% and the most common LBP diagnosis after non-specific LBP in a retrospective
review of 400 charts. The pathophysiology of spondylolysis is thought to be a result of
repetitive mechanical stress'?°. During adolescence, ossification of the posterior spinal
column may be incomplete, leaving the pars interarticularis more susceptible to injury 64,
Adolescent athletes may be at higher risk of developing symptomatic spondylolysis
because of this repetitive strain on the immature spine experienced during sport. Thus,

spondylolysis may be a modifiable effect of loading during the growth period. Since it is
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known that spondylolysis is common in adolescents who play sport, it is important to
evaluate techniques for assessment and management of this condition, to allow for positive

outcomes for adolescent athletes.

5.4.6 Psychosocial differences between adolescent and adult athletes

There were two themes developed from responses about psychosocial differences between
adolescent and adult athletes. Many participants discussed the decreased adolescent
experience and understanding of LBP. As some participants pointed out, for some
adolescent athletes, this may be their first experience of LBP. These clinicians felt that they
would spend more time explaining and educating the patient about LBP because of this. As
discussed above, education is a first-line recommended treatment for individuals with
LBP?°23%0 Research shows that structured patient education can reassure patients, with
effects lasting for up to a year®’®. This can, however, vary by type of healthcare practitioner
providing education®”® and format of education provided®°. The information included in
patient education may also affect patient outcomes; for instance, interventions focusing on
pain biology may reduce catastrophising more effectively than other educational
interventions®®! 382, Factors specific to adolescent athletes may be important to include in
educational interventions to allow for maximum impact. There has been some research on
LBP education for adolescent athletes, with one multi-dimensional intervention study
examining the effectiveness of an LBP education session with a physiotherapist for
adolescent rowers®®, Overall, the intervention was found to reduced incidence of LBP383,
Although this study utilised group seminar format for LBP education, it is thought that
clinicians can provide individually tailored educational interventions to best address an

adolescent’s LBP3%,

In addition to LBP education for adolescent athletes, the second theme developed was
external pressure experienced by adolescent athletes from family and coaches. Participants

mentioned pressure to resume sport from parents and team, and another mentioned
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pressure to perform from parent/guardians or coaches. This is similar to the influence of
the coach-athlete relationship discussed in Chapter 4. In previous concussion research,
coaches were reported as a source of external pressure to not report concussion®**. This
pressure from coaches may be viewed by athletes as acceptable. In a study of athletes’
perceptions of their human rights within sport, over half of the athletes surveyed agreed or
were neutral in response to the statement °...it is sometimes ok for coaches to pressure me
in any way’3*°. Clinicians in this study recognised the pressures that adolescent athletes are
under. It may be important for clinicians to address this directly with adolescent athletes.

Discussions with coaches/parents?

5.4.7 Back Pain Beliefs

Overall, participants demonstrated more helpful than unhelpful back pain beliefs. There
were three items with mean scores over 3, which indicated more unhelpful beliefs on these
items. The three items with high mean scores were 8,10, and 13. The highest mean score
was 3.72 on the item It is important to see a health professional when you have back pain.
75% of participants answered True or Possibly true on this item. This belief contrasts with
what is known about LBP. Most experiences of acute LBP are self-limiting and will
resolve within four to eight weeks*®°. The belief that all LBP necessitates medical care
could possibly contribute to overmedicalisation of LBP and increased healthcare costs
associated with LBP. It may be especially important to prevent the overmedicalisation of
LBP for adolescents, since it may be their first instance of LBP and may set expectations

for possible future episodes.

There has been an overall increase in unnecessary LBP care®®, although most people with
LBP require little or no formal care and most instances of uncomplicated LBP can be self-
managed38® ¥’ . In some cases, healthcare exposure can actually have harmful

consequences®’, such as negative LBP beliefs derived from healthcare professionals®®®,
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There were two items on which participants had 100% agreement. On item number 17, If
you have back pain you should try to stay active, 100% of participants answered True to
item on staying active. Item 17 one of the two items with a reversed scoring direction, and
the mean score out of 5 was 1.00. Similarly, 0% of participants answered True for item 15,
If you have back pain you should avoid exercise, with a mean score of 1.13. As discussed

above, advice to stay active is recommended in all existing LBP care guidelines?%3¢°,

For over half of the BackPAQ items, however, at least one participant responded with the
most unhelpful LBP beliefs response choice. There were five items with modes higher than

one:

e Having back pain makes it difficult to enjoy life (mode: 4)
e Itis hard to understand what back pain is like if you have never had it yourself
(mode: 4)
e If you ignore back pain, you may cause damage to your back (mode: 4)
e Itis important to see a health professional when you have back pain (mode: 4)
e When you have back pain the risks of vigorous exercise outweigh the benefits
(mode: 2)
This suggests that there may need to be ongoing clinician education to dispel myths about
LBP. Since healthcare professional LBP beliefs can affect patient LBP beliefs, education

for clinicians around LBP beliefs will benefit both clinicians and patients®®°.

5.4.8 Clinical implications and future research directions

The development of LBP guidelines specific to adolescent athletes, which consider the
unique differences between adults and adolescents will benefit that management of this
condition. There should also be ongoing clinician education about LBP beliefs to ensure

that the most accurate, up-to-date, and beneficial information is conveyed to patients.

211



5.4.9 Limitations

There was likely a recruitment bias in this study since it was advertised on social media.
Participants may have been more likely to respond if they treat LBP in adolescent athletes
and if they already have an interest in this topic. There is also the possibility of selection
bias (i.e., people who chose to take the survey may be more experienced for example).
This was addressed by asking about experience; however, it could still potentially
influence the results of this survey. The novelty of this study meant that the survey design
was not validated. Furthermore, because of the pilot nature of this study, the goal sample
size could not be confirmed. Lastly, there was under-representation of clinicians other than

physiotherapists who responded to this survey.
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5.6 Conclusion
Current clinician management of LBP in adolescent athletes is generally in line with

existing guidance, although no guideline or care pathways specific to adolescent athletes
exist. There was low agreement on assessment and management techniques, suggesting
that adolescent athlete LBP may necessitate an individualised management programme
based on athlete presentation. Clinicians recognised important physical and psychological
differences in the management of adults and adolescents presenting with LBP. Clinician
beliefs about LBP were largely helpful, although there were still some unhelpful LBP
beliefs held by this participant group. Ongoing clinician education regarding LBP is

needed.
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What was already known?

e LBP is common in adolescent athletes, has a wide range of associated morphologies, and has
wide-ranging impacts on the lives of adolescent athletes.

e Current LBP management guidelines are based on LBP in adults.

e There is often a disparity between clinical guidance and practice for LBP.

o Patient LBP beliefs can be affected by clinician LBP beliefs.
What this study adds:

e Current clinician management of adolescent athlete LBP is generally in line with existing
guidance.

e The management of LBP in adolescent athletes may necessitate tailored, individualised
management and includes an understanding of the physical and psychosocial differences
between adults and adolescents.

o Clinician beliefs about LBP were largely helpful in this cohort.
How this study might affect research, practice, or policy:

e Inclinical practice, clinicians should be aware of common negative beliefs about LBP and
engage in ongoing education regarding LBP beliefs.
e Management of LBP in adolescent athletes would benefit from the development of specific

guidelines for adolescent LBP.

Figure 5-3: Summary of Study IV.
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Chapter 6: Discussion

6.1 Overview

Low back pain is a symptom that can affect people of all ages?®’

. It can disrupt an
individual’s life, either for a short period of time, or for a continued period'%. Previous
LBP can predict future LBP® 88! 5o it is important to mitigate episodes of LBP early in
life to prevent potential future pain later in life. LBP can also impact physical activity and
sport participation. In adolescent athletes, this can affect their sense of identity and ability
to form positive lifelong habits of exercise and sport. Prior to the work presented in this
thesis, there was little information available on LBP in this specific population. The
primary aim of this thesis was to characterise LBP in adolescent athletes, to enhance
understanding of LBP in this population and potentially improve management strategies.
Since each study chapter contained a Discussion section, this chapter serves to summarise

key findings of each study (Figure 6-1) and discuss these findings in context.
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Research

question

Study 1: Systematic
review with meta-

What is the epidemiology, lived experience, and
current management of low back pain in
adolescent athletes?

Study 2: retrospective

chart review
analysis

Study 3: qualitative
interviews

Study 4: cross-
sectional survey

Study 3 findings:

+ Adolescent athletes normalise LBP in Study 4 findings:

+ Clinician management of LBP in

Study 1 findings: n
Study 2 findings:

Findings

Recommendations

v + LBP was common in adolescent

athletes.

Differing methodologies created
heterogeneity.
A clear, specific LBP definition is

needed.

Spondylolysis was the most commeonly
reported morphology.

» Largest diagnostic group= non-specific
LBP.
Spondylolysis/spondylolisthesis also
common.
Management techniques include
diagnostic MRI, physical therapy,
relative rest, and bracing.

Recommendations for clinical practice:

Clinicians should be aware of LBP as a common condition in
adolescent athletes.

Diagnostic labels are often placed on adolescent athletes as
aresult of imaging, but management should be tailored to
presentation rather than diagnostic label.

Implementation of educational programmes about LEBP and
pain for adolescent athletes and coaches.

Safe, designated method of sportinjury reporting.

Ongoing clinician education about LBP beliefs.

Figure 6-1: Thesis summary flowchart.

sport.

The coach-athlete relationship affects
the athlete experience of LBP.

LBP impacts the global well-being of
adolescent athletes.

LBP in adolescent sport can create
safeguarding risks for adolescent
athletes, particularly in terms of
competing with pain.

adolescent athletes was generally in
line with existing guidance, although no
specific guidelines or care pathways
exist.

Beliefs about LBP were largely helpful,
though there were still some unhelpful
LEP beliefs held by this participant
group.

Recommendations for future research:
Development of a clear and specific LBP definition.
Investigation into methods of diagnosis and management of

spondylolysis.

Development of LEP management guidelines specific to

adolescent athletes.

Investigation of efficacy of sport injury reporting tool.
LBP beliefs education for clinicians.
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6.2 Overview of studies
The key characteristics of adolescent athlete LBP that were chosen for exploration in this

thesis were selected in line with the Sackett model of evidence-based medicine (Figure 6-
2)'%8. Study | was designed to address epidemiology, Study 11 to address clinical
presentation and management, Study 111 to explore lived experience, and Study IV delved
further into clinician management and beliefs. In the Sackett model, Study | represents best
research evidence, Studies Il and IV address clinical expertise, and Study 111 addresses

patient values.

Best research

evidence
Chapter2
Patient Cllnlcgl
expertise
values
Chapters 3
Chapter4 and 5

Figure 6-2: Sackett model for evidence-based medicine as it was implemented in this thesis.
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6.3 Analysis of key findings
6.3.1 Study | (presented in Chapter 2) key findings

There were 80 studies included. The pooled incidence estimate of LBP in adolescent
athletes was 11% (95% CI 8-13, 1>=0%) for two-year?°2242 36.0% (95% CI 4-68,
12=99.3%) for 12-month184 185215244 and 1496 (95% CI 7-22, 1= 76%) for six-month?’7 180
182187 incidence estimates. The pooled prevalence estimate of LBP in adolescent athletes
was 50% fOf “fetime (95% Cl 39-60, i2 995%) 98 173 195 196 204 207-209 211 218 219 222 224 225 227 228
230237 4204 (95% Cl 29-55, 12=96.6%) for the previous 12 months!22 172 178 181195 222 225 227
228231241 469 (95% CI 41.0-52, 1>=56%) for the previous three months!8205220228 anq
16% (95% Cl 9_23, |2:983%) for pOint prevalence181 196 200 201 203 210 218 219 222 224-228 230 232-
236245246 potential risk factors were sport participation®8172173225227230240246 gyt
volume/intensity!9° 201 207213219225 227231 247 ' concurrent lower extremity pain?32235 23,
overweight/high BMI2%°218248 g]der adolescent age?®® 207221222 female sex, % 207216 218227
238246 and family history of LBP?07 221222238 The most common morphology reported was
spondylolysis. Methodological quality was deemed high in 73% of cross-sectional studies
and in 30% of cohort studies. Common reasons for downgrading at quality assessment
were use of non-validated survey instruments and imprecision or absence of LBP

definition.

6.3.2 Study Il (Presented in Chapter 3) key findings

Non-specific LBP was the largest diagnostic group in adolescent athletes, followed by
spondylolysis or spondylolisthesis. There were some associations between female sex and
facet-based pain or Sl-joint pain compared to spondylolysis or spondylolisthesis. There
were twice as many single sport athletes compared to multi-sport athletes, suggesting the
possibility that sport specialisation may play a role in adolescent athlete LBP. Commonly

used management techniques in this cohort were diagnostic MRI, physical therapy, relative
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rest, and bracing. There was a high rate of imaging used, although there is no consensus on

imaging for spondylolysis in adolescent athletes.

6.3.3 Study Il (presented in Chapter 4) key findings

Through the reflexive thematic analysis process, three themes were developed from the
dataset of participant transcripts. The main themes were 1) The culture of normalising LBP
in sport negates safeguarding efforts aimed at protecting adolescent athletes against injury
and pain, 2) LBP changes how athletes are perceived and perceive themselves, and 3) Low
back pain has broad effects on the well-being of adolescent athletes. Overall, the lived
experience of LBP for adolescent athletes showed that the normalisation of LBP in
adolescent sport can create safeguarding risks for adolescent athletes, particularly in terms
of competing with pain®**. Coaches and sport organisations should create a space for injury
reporting, and adolescent athletes should be educated on differences between ‘normal’ and

non-normal pain.

6.3.4 Study 1V (presented in Chapter 5) key findings

Current clinician management of LBP in adolescent athletes was generally in line with
existing guidance, although no guidelines or care pathways specific to adolescent athletes
exist. There was low agreement on assessment and management techniques, suggesting
that adolescent athlete LBP may necessitate an individualised management programme
based on athlete presentation. Clinicians recognised important physical and psychological
differences in the management of adults and adolescents presenting with LBP. Clinician
beliefs about LBP were largely helpful, although there were still some beliefs which were
not supported by evidence held by this participant group. Ongoing clinician education
about LBP would be beneficial to ensure that patients received accurate and current

information.
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6.4 Relationships between findings

The results from Study | provided a basis for the subsequent work completed in this thesis.
Because of varying methodologies and LBP definitions, analysis of LBP prevalence by
sport type was not possible. In Study 11, the aim was to analyse LBP diagnoses by sport
type, age, sex, and BMI. There were no associations between diagnoses and sport type.
One of the main findings from Study Il was a high rate of imaging, especially in
spondylolysis. This was also a finding in Study I, with MRI being the most used method of
confirming diagnosis. In Study 11, MRI was also commonly used to assess for
spondylolysis, despite there being no clinical consensus for the use of imaging in
spondylolysis. Study 111 was designed to include the adolescent athlete voice, which had
been missing from the thesis in Studies I and 11. While Study | found that LBP in
adolescent athletes is common, Study 111 described the effects of this high rate of LBP on
adolescent athletes. The normalisation of LBP led to wide reaching effects on the lives of
adolescent athletes including and beyond sport. In Study 11, it was clear that LBP can
change how an athlete perceives themselves. The findings regarding MRI usage in Study |
and Study Il must be examined carefully, as it is possible that the over-medicalisation of
adolescent athlete LBP could contribute to this altered self-perception. Study IV examined
the current management techniques of clinicians managing adolescent athlete LBP.
Although there are no LBP guidelines or care pathways specifically designed for
adolescent athletes, clinician management broadly follows adult LBP guidelines. The
highest mean score on any item was 3.72 on ‘It is important to see a health professional
when you have back pain’. Although LBP in adolescents warrants assessment, it is possible
that the emphasis on health professional involvement in management reinforces the
possibility explored in Studies I and 11 that the management of LBP in adolescent athletes
is at risk of over-medicalisation. Similar to some of the findings in Study Il regarding the

coach-athlete relationship, clinicians in Study IV highlighted important differences in the
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treatment of adolescent and adult LBP, including the increased influence of parents and

coaches on the adolescent’s experience.

6.4.1 Strengths and weaknesses

The work from this thesis overall provides a robust basis for future research in this area.
The range of quantitative and qualitative research methodologies involved in this work
benefitted this research, as it allowed for exploration across four specific areas within LBP
research. Further, the international aspect of this thesis, with research conducted in both
Ireland and the United States, allowed for a broader application of results from this work,

and exploration into different medical systems.

Study | was bolstered by a comprehensive search strategy designed by an expert librarian.
As such, it included all current studies on adolescent athlete LBP prevalence and
incidence. The high number of included papers allowed for a thorough meta-analysis and
meta-regression. In addition to this, Study | was peer-reviewed by experts in the subject
area, allowing for confidence in the conclusions from this study. Study | was limited by
differing methodologies in included studies and a low number of high-quality studies.
Study | contributed a new synthesis of adolescent athlete LBP incidence and prevalence
that was previously not present in the existing evidence base in this area. There were some
findings from this study that may be of interest to the field but were beyond the scope of

this thesis, including further exploration of risk factors for LBP in adolescent athletes.

Study Il allowed for further exploration into current management of adolescent LBP across
a variety of sports. It also broadened the scope of the research through providing an
international perspective. Study Il was limited by the information present in the medical
charts and would have benefitted from a larger sample size to allow for exploration of
specific sports. This was not possible within the timing and scope of the PhD research. It

also would have been beneficial to explore the impact of maturation on injury type, but this
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information was not available. Study Il highlighted the possible impacts of a high rate of

MRI usage, and the importance of developing guidelines for MRI usage and interpretation.

Study Il provided important information on the adolescent athlete voice within research in
this area. This has not previously been done in the area of adolescent athlete LBP. Study Il
highlighted the importance of monitoring safeguarding techniques for adolescent athletes
to ensure that athletes are adequately protected. The results from Study 111 may be used to
affect current safeguarding policy in regard to playing through pain or injury. Interview
responses may have been affected by the necessary presence of parents/guardians during
interviews. Further areas for exploration that were not possible within the scope of this
PhD research include the parent perspective on adolescent athlete LBP, and cultural

differences in management and experiences of LBP.

Study IV aimed to gather further information on the clinician perspective, addressing
unanswered questions from Studies Il and 111. Study IV was limited by clinician responses,
with mainly physiotherapists currently practicing in Europe responding. It may have been
beneficial to limit this survey to Irish clinicians, to control for the effect of differing
medical systems across Europe and other continents. Further, the number of responses to
each item in the survey decreased throughout the survey, limiting the generalisability of

findings.

Overall, the work from this thesis contributed to an under-researched area in the field of
Sports Medicine. The international nature of this research between Ireland and the United
States increased the scope and impact of the results. The results of this body of work
contributed to an increased understanding of how LBP affects adolescents participating in

sport, making an original contribution to LBP management.
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6.5 Findings in the context of previous work

Study | found that most studies investigating LBP in adolescent athletes were of low
methodological quality. Common reasons for downgrading at quality assessment were use
of non-validated survey instruments and imprecision or absence of LBP definition. In a
recent systematic review of adult athletes, there was a similar finding in that an athlete-

specific definition of LBP may improve research in this population“®.

The findings from Study Il were consistent with what is known about LBP in the general
population. In Study 11, the most common diagnosis among 400 adolescent athletes with
LBP was non-specific LBP (NS-LBP). In the general population, it is thought that up to
90% of all LBP is non-specific?®. In a retrospective chart review of 106 adolescents, NS-
LBP was also found to be the most common diagnosis associated with LBP®, although
this review included participants aged 8-17 years old. The frequency of NS-LBP in Study
11 was lower, 34%, compared to 58.4% in the general adolescent chart review study®°. As
discussed in Chapter 3, this may be in part due to the high rate of imaging seen in Study II.
Because spondylolysis is thought to be common in adolescent athletes specifically as
compared to other populations, it is possible that it may be considered and diagnosed more

frequently than in other groups.

There were some similarities between Study 111 and previous qualitative work in adult
athletes. A grounded theory interview study of adult rowers found that participants
reported similar feelings to the adolescent athletes, considering LBP almost inevitable!®3,
They also discussed the impact on their lives and jobs'®3, similar to what adolescents
described about the impact of LBP on their school and home lives. The culture of sport
was similarly discussed between adolescent and adult athletes. This demonstrates that the
negative aspects of sports injury culture can begin as early as adolescence, and many
athletes grow up surrounded by this mentality. A qualitative study of 14 high level

adolescent athletes found that some participants believed their injury was caused by
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training with pain, and one of the themes developed from this study was ‘hazardous sports
practice’>®. This is similar to the finding from Study 111 in which many participants
continued to participate in sport despite LBP- either because of internal drive to participate,
or a sense of duty to their team. Another study investigating sport-related concussion in
adolescent athletes described the effects of others’ perceptions of their injury®®*. This is
similar to the effect of perception and self-perception described by the young athletes in
Study I11. These similarities with other studies in adolescent athletes demonstrate that some
aspects of the experiences of adolescent athletes with LBP are shared with other injured

athletes.

Study 1V found that while clinician LBP beliefs were largely helpful, there were three
specific items on which unhelpful beliefs were more prevalent. Moreover, in 11 of the 20
items, at least one participant selected the most unhelpful belief. It is important to consider
the implications of this finding, as previous research has shown that healthcare provide

LBP beliefs can affect the beliefs of their patient3¢° 366,
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6.6 Limitations

Specific limitations for each study are discussed in their respective chapters (Chapters 2-5),
however there are some common limitations across all studies presented here. Prospective,
longitudinal assessments would have been preferable over the retrospective chart review
and cross-sectional survey designs of Studies Il and IVV. However, there are time and
funding limitations associated with PhD research that did not allow for this study design.
Study | was a broad systematic review encapsulating several research questions. Further,
more targeted, reviews would be beneficial to explore specific risk factors for LBP in
adolescent athletes. In Study 1V, a survey closing date determined the study size, as the
pilot nature of the study did not allow for an a priori sample size calculation. Overall
participant recruitment in this thesis may have been subject to participation bias, since
Studies I11 and 1V both used social media as a main form of recruitment. There were
restrictions and adaptations throughout all studies included in this thesis due to necessary

constraints implemented during the Covid-19 pandemic.
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6.7 Contributions of this research to the field of sports medicine
The results of this body of work contributed to an increased understanding of how LBP

affects adolescents participating in sport, making an original contribution to LBP

management.

6.7.1 Recommendations for clinical practice

1. Clinicians should be aware of LBP as a common condition in adolescent athletes.

This may allow for further recognition of LBP as a potential issue affecting adolescent
athletes. Although LBP is recognised as a common condition for adults®®, pain in

adolescents and children is still often under-recognised®3.

2. Clinicians should exercise caution with the use of diagnostic labels for management

of LBP in adolescent athletes.

It is known that the majority of LBP is non-specific?®

. The use of imaging to define
specific diagnoses may overlook or simplify the specific presentation of adolescents

with LBP, as discussed in Studies | and I1I.

3. Education about LBP for coaches and athletes should be implemented.

This would take some burden off adolescent athletes, as coaches may have a better
understand of injury mechanisms and healing times. It would also allow for adolescent
athletes to best advocate for their needs. This could include (but is not limited to) pain
neuroscience education, the dual nature of pain in sport, ‘normal’ vs. abnormal pain,

and when to report pain or injury.

4. A safe, designated method of sport injury reporting should be implemented within

sport groups/clubs.
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With this in place, athletes would be able to disclose pain or injury without fear of

repercussions from their coach, as some of the athletes described in Study I1I.
5. There should be ongoing clinician education about LBP beliefs.

This would ensure that the most accurate and up-to-date information is conveyed to
patients, since it is known that HCP LBP beliefs can affect the beliefs of their patients*®®>
367 As discussed in Study 1V, some clinicians still hold unhelpful LBP beliefs, which could

affect the patient experiences of LBP.

6.7.2 Recommendations for research

1. Clear and specific LBP definition.

In future, a definition of LBP specific to adolescent athletes would be useful for research in
this population. In the meta-regression analyses in Study I, LBP definition accounted for
most of the heterogeneity in studies of cohort design and all heterogeneity in cross-
sectional studies reporting 3-month prevalence. The lack of standardised definition of LBP
may affect the overall prevalence reported. A definition of LBP more specific to adolescent

athletes may improve assessment of LBP in this group.

2. Methods of diagnosis and management of spondylolysis.

The results of Study | also suggest that further investigation into the methods of diagnosis
and treatment of spondylolysis in adolescent athletes is warranted. It is not clear currently
whether spondylolysis in this population is a normal consequence of loading on the
growing spine. Study Il also brought forward the idea that methods of diagnosis of
spondylolysis need further investigation, as spondylolysis was the most common specific

diagnosis in the adolescent athlete population.

3. LBP management guidelines specific to adolescent athletes.
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Studies Il and IV highlighted the need for management guidelines specific to LBP in
adolescent athletes, to take into consideration their specific differences. This would
necessitate further research to ensure that these management guidelines are safe and

appropriate.

4. Efficacy of sport injury reporting tool.

As discussed in Section 6.7.1, it may also be useful to implement a safe, designated
method of injury reporting, so the adolescent athlete feels heard and able to disclose injury.
Further research on the efficacy of such a tool and best methods of implementation would

be needed.

5. LBP beliefs education for clinicians.

As discussed in section 6.7.1, Study IV illustrated the need for ongoing clinician education
about LBP beliefs to ensure that the most accurate, up-to-date, and beneficial information

is conveyed to patients. Research into methods of implementation would be needed.

6.7.3 Recommendations for policy

1. Further work is needed to ensure that safeguarding policies are adequately
implemented to protect adolescent athletes. Although safeguarding in sport now
includes safeguarding against systems that promote overtraining or competing with
injury®43%  the athletes involved in Study Il reported playing or participating in
sport through pain, as well as concealing or choosing not to disclose pain to a
coach.

2. Policy addressing adolescent sport should consider LBP specifically as a common

source of pain for adolescent athletes.
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6.8 Conclusion

The results of this thesis indicate that LBP is common in adolescent athletes, and further
research is needed to ensure optimal management of this condition. Adolescent athletes
with LBP indicate that LBP is normalised in sport and can impact their global wellbeing.
Future research is needed in this area to adequately address the needs of adolescent athletes
who experience LBP. The definition of LBP used for research in this population varies
widely and can impact on report incidence and prevalence. Spondylolysis appears to be the
most common specific morphology in adolescent athletes, although it is not clear whether
this is a normal response to loading in an immature spine. Non-specific LBP is the most
common type of LBP overall in this population. Because of this, it may be more important
to tailor management to individual presentation rather than diagnostic label. It is important
to note that there are no guidelines specific to this population, and the development of such

guidelines may guide clinical practice in this area.

Adolescent athletes reported playing through pain or injury because of the normalisation of
LBP in their respective sports. This carries risks for athletes and can affect their lives
outside of sport. A re-framing of LBP in sport is needed to adequately protect adolescent
athletes from the myriad risks associated with LBP during adolescence. This could start
with education about pain for coaches and athletes, and the development of a safe and
impartial injury reporting method for adolescent athletes. The described culture within
sport of tolerance of pain will need consistent scrutiny to ensure that positive change is

being undertaken in the coming years.

Overall, the work from this thesis has potential to affect or direct policy in regard to safe
sport for adolescent athletes. There were many research areas which could not be explored
during the scope of this PhD, but may serve as a basis for future work. The work from this

thesis will be disseminated through peer-reviewed publications and conference
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presentations to add to the evidence-based literature investigating LBP in adolescent

athletes.
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Chapter 8: Appendices

Appendix 2-1: Differences between protocol and review
In the protocol, methodological quality of the included studies was going to be assessed

using the Newcastle Ottawa scale in addition to the LBP-specific quality appraisal tool
developed by Lebeouf-Yde and Lauritsen. Only the LBP-specific tool was used. KT and

JW were the reviewers who assessed for quality, not FW and JW as listed.

253



Medline

Embase

Appendix 2-2: Search strategy

1. Low Back Pain/ OR Sciatica/

2. (low* adj3 (back pain* OR back ache* OR backache* OR
back injur*)).ti,ab.

3. ((Lumbal OR lumbar OR lumbosacral OR lumbosacroiliac)
adj2 (pain* OR ache* OR syndrome OR strain* OR injur®)).ti,ab.
4. (Lumbago OR lumbodynia OR lumbalgesia OR lumbalgia
OR Sciatica).ti,ab.

5. or/1-4

6. ATHLETES/ OR Athletic Injuries/ OR BASEBALL/ OR
BICYCLING/ OR HOCKEY/ OR Racquet Sports/ OR
WRESTLING/ exp sports/

7. (Rowing OR rower* OR sculling OR athlet* OR gymnast™
OR cricket OR bowler* OR pitcher* OR wrestl* OR hockey OR
baseball OR golf OR kayak* OR canoei* OR hammer throw* OR
martial art* OR basketball OR bowling OR football OR lacrosse OR
racquetball OR rugby OR soccer OR softball OR squash OR tennis
OR volleyball).ti,ab.

8. (Sport* adj3 injur*).ti,ab.

9. or/6-8

10. Epidemiologic studies/

11.  Exp case control studies/

12. Exp cohort studies/

13. Case control.tw.

14.  (cohort adj (study or studies)).tw.

15.  Cohort analy$.tw.

16.  (Follow up adj (study or studies)).tw.

17.  (observational adj (study or studies)).tw.

18. Longitudinal.tw.

19.  Retrospective.tw.

20.  Cross sectional.tw.

21.  Cross-sectional studies/

22.  0r/9-20

23.  and/5,9,22

1. 'low back pain‘/exp OR 'sciatica'/exp

2. (low* NEAR/3 (‘back pain*’ OR ‘back ache*” OR
‘backache®’ OR ‘back injur*)):ti,ab

3. ((Lumbal OR lumbar OR lumbosacral OR lumbosacroiliac)
NEAR/2 (pain* OR ache* OR syndrome OR strain* OR
injur*)):ti,ab

4. (Lumbago OR lumbodynia OR lumbalgesia OR lumbalgia
OR sciatica):ti,ab

5. #1 OR #2 OR #3 OR #4

6. ‘athlete'/exp OR 'sport injury'/exp OR 'sport'/exp OR
‘athletics'/exp OR 'baseball’/exp OR ‘cricket (sport)'/exp OR
‘cycling'/exp OR 'hockey'/exp OR 'ice hockey'/exp OR 'racquet
sport'/exp

7. (Rowing OR rower* OR sculling OR athlet* OR gymnast*
OR cricket OR bowler* OR pitcher* OR wrestl* OR hockey OR
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CINAHL

baseball OR golf OR kayak* OR canoei* OR ‘hammer throw*” OR
‘martial art*” OR basketball OR bowling OR football OR lacrosse
OR racquetball OR rugby OR soccer OR softball OR squash OR
tennis OR volleyball):ti,ab

8. (Sport* NEAR/3 injur*):ti,ab

9. #6 OR #7 OR #8

10.  ‘clinical study'/de

11.  'case control study'/exp

12.  ‘family study'/exp

13.  ‘longitudinal study'/exp

14.  'retrospective study'/exp

15.  'prospective study'/exp

16.  'randomized controlled trial'/exp
17. #14 NOT #15

18.  'cohort analysis'/exp

19. (Cohort NEAR/1 (study or studies)):ti,ab

20. (‘Case control’ NEAR/1 (study or studies)):ti,ab

21. (‘follow up’ NEAR/1 (study or studies)):ti,ab

22. (observational NEAR/1 (study or studies)):ti,ab

23. (epidemiologic* NEAR/1 (study or studies)):ti,ab

24, (‘cross sectional’ NEAR/1 (study or studies)):ti,ab

25.  #10 OR #11 OR #12 OR #13 OR #14 OR #17 OR #18 OR
#19 OR #20 OR #21 OR #22 OR #23 OR #24

26.  #5 AND #9 AND #25

1. (MH "Low Back Pain™) OR (MH "Sciatica")

2. TI (low* N3 (“back pain*” OR “back ache*” OR
“backache®” OR “back injur*”’)) OR AB (low* N3 (“back pain*”
OR “back ache*” OR “backache*” OR “back injur*”))

3. TI ((Lumbal OR lumbar OR lumbosacral OR
lumbosacroiliac) N2 (pain* OR ache* OR syndrome OR strain* OR
injur*)) OR AB ((Lumbal OR lumbar OR lumbosacral OR
lumbosacroiliac) N2 (pain* OR ache* OR syndrome OR strain* OR
injur*))

4, TI (Lumbago OR lumbodynia OR lumbalgesia OR
lumbalgia OR sciatica) OR AB (Lumbago OR lumbodynia OR
lumbalgesia OR lumbalgia OR sciatica)

5. S10OR S2 OR S3 OR S4

6. (MH "Rowing™) OR (MH "Athletes+") OR (MH "Athletic
Injuries”) OR (MH "Baseball Injuries™) OR (MH "Basketball
Injuries™) OR (MH "Cricket Injuries™) OR (MH "Cycling Injuries")
OR (MH "Fencing Injuries”) OR (MH "Golf Injuries™) OR (MH
"Gymnastics Injuries™) OR (MH "Hockey Injuries™) OR (MH
"Racquet Sports Injuries”) OR (MH "Baseball) OR (MH "Cricket
(Sports)™) OR (MH "Cycling") OR (MH "Hockey") OR (MH
"Racquet Sports") OR (MH "Sports+")

7. Tl (Rowing OR rower* OR sculling OR athlet* OR
gymnast* OR cricket OR bowler* OR pitcher* OR wrestl* OR
hockey OR baseball OR golf OR kayak* OR canoei* OR “hammer
throw*” OR “martial art*”” OR basketball OR bowling OR football
OR lacrosse OR racquetball OR rugby OR soccer OR softball OR
squash OR tennis OR volleyball) OR AB (Rowing OR rower* OR
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sculling OR athlet* OR gymnast* OR cricket OR bowler* OR
pitcher* OR wrestl* OR hockey OR baseball OR golf OR kayak*
OR canoei* OR “hammer throw*” OR “martial art*”” OR basketball
OR bowling OR football OR lacrosse OR racquetball OR rughy OR
soccer OR softball OR squash OR tennis OR volleyball)

8. TI(Sport* N3 injur*) OR AB (Sport* N3 injur*)

9. S6 OR S7 OR S8

10.  (MH "Prospective Studies")

11.  (MH "Case Control Studies+")

12.  (MH "Correlational Studies™)

13.  (MH "Nonconcurrent Prospective Studies™)

14.  (MH "Cross Sectional Studies")

15. Tl (cohort N1 (study OR studies)) OR AB (cohort N1 (study
OR studies))

16.  TI (epidemiologic* N1 (study or studies)) OR AB
(epidemiologic* N1 (study or studies))

17. TI (“follow up” N1 (study or studies)) OR AB (“follow up”
N1 (study or studies))

18.  TI (observational N1 (study or studies)) OR AB
(observational N1 (study or studies))

19. TI (“cross sectional” N1 (study or studies)) OR AB (“cross
sectional” N1 (study or studies))

20. SI1I0ORS110R S12ORS130OR S14 OR S150R S16 OR
S17 OR S18 OR S19

21.  S5AND S9 AND S20

Web of Science
TS =(((low* NEAR/3 (“back pain*” OR “back ache*” OR “backache*” OR “back
injur*”’)) OR ((Lumbal OR lumbar OR lumbosacral OR lumbosacroiliac) NEAR/2
(pain* OR ache* OR syndrome OR strain* OR injur*)) OR (Lumbago OR
lumbodynia OR lumbalgesia OR lumbalgia OR sciatica)) AND ((Cohort OR “Case
control” OR epidemiologic* OR “follow up” OR observational OR “cross
sectional”) NEAR/1 (study or studies)) AND (Rowing OR rower* OR sculling OR
athlet* OR gymnast* OR cricket OR bowler* OR pitcher* OR wrestl* OR hockey
OR baseball OR golf OR kayak* OR canoei* OR “hammer throw*” OR “martial
art®*” OR basketball OR bowling OR football OR lacrosse OR racquetball OR
rugby OR soccer OR softball OR squash OR tennis OR volleyball) OR (sport*
NEAR/3 injur*))

Scopus
TITLE-ABS(((low* W/3 (“back pain*” OR “back ache*”” OR “backache*” OR
“back injur*”)) OR ((Lumbal OR lumbar OR lumbosacral OR lumbosacroiliac)
W/2 (pain* OR ache* OR syndrome OR strain* OR injur*)) OR (Lumbago OR
lumbodynia OR lumbalgesia OR lumbalgia OR sciatica)) AND ((Cohort OR “Case
control” OR epidemiologic* OR “follow up” OR observational OR “cross
sectional”) W/1 (study or studies)) AND (Rowing OR rower* OR sculling OR
athlet* OR gymnast* OR cricket OR bowler* OR pitcher* OR wrestl* OR hockey
OR baseball OR golf OR kayak* OR canoei* OR “hammer throw*” OR “martial
art*” OR basketball OR bowling OR football OR lacrosse OR racquetball OR
rugby OR soccer OR softball OR squash OR tennis OR volleyball) OR (sport* W/3
injur*))
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Appendix 2-3: Study methodological quality appraisal tool

A: Is the final sample representative of the target population?

1. At least one of the following must apply to the study: an entire target
population, randomly selected sample, or sample stated to represent the

target population

2. At least one of the following: reasons for nonresponse described, non-
responders described, comparison of responders and non-responders, or
comparison of sample and target population

3. Response rate and, if applicable, drop-out rate reported

B: Quality of the data?

4. Were the data primary data of back pain or were they taken from a

survey not specifically designed for that purpose?

5. Were the data collected from each adult directly or were they
collected from a proxy?

6. Was the same mode of data collection used for all subjects?

7. At least one of the following in the case of a questionnaire: a
\validated questionnaire or at least tested for reproducibility

8. At least one of the following in the case of an interview: interview
validated, tested for reproducibility, or adequately described and

standardized

0. At least one of the following in the case of an examination:
examination validated, tested for reproducibility, or adequately

described and standardized

C: Definition of back pain

10. Was there a precise anatomic delineation of the back area or

reference to an easily obtainable article that contains such specification?

11. Was there further useful specification of the definition of back pain,
or question(s) put to study subjects quoted such as the frequency,
duration, or intensity, and character of the pain. Or was there reference

to an easily obtainable article that contains such specification?

12. Were recall periods clearly stated: e.g., 1 week, 1 month, or

lifetime?
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Appendix 2-4: Study reporting explanation

During data extraction, it appeared that there was dual (or multiple) publishing by some
studies. The study by Pasanen et al. from 2016, the conference abstract by Pasanen et al.
from 2014, and the study by Rossi et al. from 2018 are reported as Rossi et al. 2018 (a),
(b), and (c). The first authors for these papers were contacted, and it was confirmed that the
2014 conference abstract reported preliminary results for the 2016 paper, and the 2018
paper included a follow up of the same participants.

The studies by Kujala et al. 1992, 1994, 1996, and 1997 will be reported under the study
heading Kujala et al. 1997 (a), (b), (c), (d). The first author was contacted, and it was
confirmed that Kujala et al. 1992 reported baseline associations, and each of the
subsequent studies reported results from follow ups of the initial cohort.

The studies by Swain et al. 2017 and 2018 will be reported under the study heading Swain
et al. 2017 (a) and (b). Attempts to contact the authors for clarification were unsuccessful.
For the purposes of this review, it was assumed that the two studies used the same
participant group, given similarities in participant numbers and demographic data.

The studies by Sekiguchi et al. 2018 and Yabe et al. 2019 will be reported under the study
heading Sekiguchi et al. 2018 (a) and (b). Attempts to contact the authors for clarification
were unsuccessful. For the purposes of this review, it was assumed that the two studies
used the same participant group, given similarities in participant numbers and demographic
data.

The study by Hutchinson 1999 included both a prospective and retrospective component.
The prospective component will be reported as Hutchinson 1999 (a), and the retrospective
component Hutchinson 1999 (b).

There were three studies by the same first author in the year 2020. These will be reported

as Yabe et al. 2020 (a), (b), and (c).
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The studies by Hagiwara et al. 2020 and Yabe et al. 2020 (a) will be reported under the
study heading Yabe et al. 2020 (a) and (1a). Attempts to contact the authors for
clarification were unsuccessful. For the purposes of this review, it was assumed that the
two studies used the same participant group, given similarities in participant numbers and

demographic data.
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Appendix 2-5: meta-regression results

Cohort six-month risk
Mixed-Effects Model (k = 4; tau? estimator: DL)

tau? (estimated amount of residual heterogeneity): 0 (SE =0.00)
tau (square root of estimated tau?value): 0

I2 (residual heterogeneity / unaccounted variability): 0.00%

H? (unaccounted variability / sampling variability): 1.00

R2 (amount of heterogeneity accounted for): 100.00%

Test for Residual Heterogeneity:
QE(df =2) =1.34, p-val =0.51

Test of Moderators (coefficient 2):
QM(df = 1) = 8.59, p-val = 0.00

Model results:

Estimate Confidence interval P-value

Intercept 0.35 0.28t0 0.41 <.0001

Methodological quality 0.30 0.10to 0.51 0.00

Cohort 12-month risk
Mixed-Effects Model (k = 4; tau?estimator: DL)

tau? (estimated amount of residual heterogeneity):  0.00 (SE = 0.00)
tau (square root of estimated tau2value): 0.00

I2 (residual heterogeneity / unaccounted variability): 4.27%

H? (unaccounted variability / sampling variability): 1.04

Rz (amount of heterogeneity accounted for): 99.98%

Test for Residual Heterogeneity:
QE(df =1) =1.04, p-val =0.31

Test of Moderators (coefficients 2:3):
QM(df = 2) = 431.55, p-val <.0001

Model results:

Estimate Confidence interval  |P-value
Intercept 0.24 0.18 to 0.31 <.0001
LBP definition 0.68 0.611t00.75 <.0001
Methodological quality -0.59 -0.69 to -0.48 <.0001

Cross-sectional point prevalence (high quality studies)
Mixed-Effects Model (k = 15; tauzestimator: DL)

tau? (estimated amount of residual heterogeneity):  0.01 (SE = 0.01)
tau (square root of estimated tau? value): 0.09

I2 (residual heterogeneity / unaccounted variability): 96.30%

H? (unaccounted variability / sampling variability): 27.00

R2 (amount of heterogeneity accounted for): 45.86%

Test for Residual Heterogeneity:
QE(df = 9) = 242.98, p-val <.0001
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Test of Moderators (coefficients 2:6):
QM(df = 5) = 19.42, p-val = 0.002

Model results:

Estimate Confidence interval  |P-value
Intercept -0.41 -0.99 t0 0.17 0.17
LBP definition 0.23 -0.005 to 0.47 0.05
N -0.0001 -0.00 to -0.00 0.02
Sport2 0.03 -0.15 t0 0.041 <.0001
Sex 0.21 -0.03 t0 0.44 0.07
Outcome -0.16 -0.33 t0 0.01 0.06
Cross-sectional three-month prevalence (high quality studies)
Mixed-Effects Model (k = 4; tauzestimator: DL)
tau? (estimated amount of residual heterogeneity): 0 (SE = 0.00)
tau (square root of estimated tau?value): 0
12 (residual heterogeneity / unaccounted variability): 0.00%
H2 (unaccounted variability / sampling variability): 1.00
R2 (amount of heterogeneity accounted for): 100.00%
Test for Residual Heterogeneity:
QE(df =2) = 1.1613, p-val = 0.5595
Test of Moderators (coefficient 2):
QM(df = 1) = 6.3593, p-val = 0.0117
Model results:

Estimate Confidence interval  |P-value
Intercept 0.71 0.66 t0 0.76 <.0001
LBP definition 0.08 0.02t0 0.15 0.01
Cross-sectional 12-month prevalence (high guality studies)
Mixed-Effects Model (k = 7; tau?estimator: DL)
tau? (estimated amount of residual heterogeneity):  0.10 (SE = 0.15)
tau (square root of estimated tau2value): 0.32
12 (residual heterogeneity / unaccounted variability): 98.23%
H2 (unaccounted variability / sampling variability): 56.37
R2 (amount of heterogeneity accounted for): 0.00%
Test for Residual Heterogeneity:
QE(df = 1) =56.37, p-val <.0001
Test of Moderators (coefficients 2:6):
QM(df = 5) = 1.15, p-val = 0.95
Model results:

Estimate Confidence interval  |P-value
Intercept -0.08 -2.02t0 1.87 0.94
LBP definition 0.31 -0.69 10 1.32 0.54
Number of participants 0.00 -0.00 to .00 0.96
Sport 0.01 -0.07 t0 0.09 0.77
Sex 0.30 -0.54 10 1.13 0.49
Data collection mode -0.07 -0.48 t0 0.31 0.71
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Appendix 3-1: Institutional Review Board exemption

@ Boston Childrens Hospital

Insftfutional Review Board {IRB)
3m Avenue

Malstop BCH 3154

Bosion, MA 02115

Tel: (617) 355-7052

Fax: {517} 7300226

whaw. bostonchilidrens. ongiresearchirt

Principal Investizator Wilham Meshan MD
Protocol Number IRB-PO0D35872
Protocol Title Low Back Pamm Efiologies and Presentation in Adolescent Athlates

Date: July 17, 2020

NOTICE OF EXEMPTION
IRE Exemption Date: 7/9/2020

Please Note: The mmitiation or contmuation of climeal research activities mmust follow the Boston
Children’'s Hospital (BCH) adwisones or pobicies. The IRB is contimming to review protocels; however
BCH is currently restricting the conduct of clinical research in response to the COVID-19 erisis.
Details of these restrictions and an TRB (Q&A document are available at

hitp:/fwww.childrenshospital orgresearchTRE and both will be updated as changes are implemented.
Please contact the TRB Office with any questions you may have.

The Instvinhonal Review Board (IRB) has reviewed the above referenced protocol and determined that 1t quahfies as
exempt from the requirements of 45 CFE. 46,

Thas protocol was determined to be exempt becanse it is limited to research actrvities in which the only mvelvement
of lnman subjects will be 1n the following category desenbed m 45 CFR 46.104 (d):

(4} Secondary research for which consent is not required: Secondary research wses of 1dentifiable private mformation
or identifiable brospecimens, if at least one of the following criteria 1s met:
(ii1} The research imvolves only information collection and analy=sis mvolving the investigator's use of
identifiable health information when that use 15 regulated under 45 CFE. parts 160 and 164, subparts A and E,
for the parposes of “health care operations™ or “research™ as those terms are defined at 45 CFE. 164 501 or
for “public bealth actvities and purposes™ as descnbed under 45 CFR 16451 2(b);

Sincerely,
L P ST, e _
I«’:'ﬁ éfﬁxﬁfﬂg%J --
Therasa Williams, IRE Administrator
For the Institwtional Review Board
Tell us how we are doing? hrips:/'www survevmonkey com/s/irbsati sfactionsurvey
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Appendix 3-2: Customised data extraction form

Demographic data

MRN

Date of birth
Sex

Height
Weight

BMI

Primary Sport
Baseball
Basketball
Cheerleading
Crew
Cross Country
Dance
Diving
Fencing
Field Hockey
Football
Golf
Gymnastics
Ice hockey
Lacrosse
Rugby
Sailing
Skiing
Squash
Soccer
Softball
Swimming
Tennis
Track and Field
Volleyball
Water polo
Wrestling
Other

Primary position

Level of competition
Junior varsity
Varsity
Club/travel
College club
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College varsity

High school (unspecified)
College (unspecified)
Middle School

Not specified in chart

Does the chart contain data on volume of primary sport participation? Y/N

Secondary sport
Baseball
Basketball
Cheerleading
Crew
Cross Country
Dance
Diving
Fencing
Field Hockey
Football
Golf
Gymnastics
Ice hockey
Lacrosse
Rugby
Sailing
Skiing
Squash
Soccer
Softball
Swimming
Tennis
Track and Field
Volleyball
Water polo
Wrestling
Other

Primary position

Level of competition
Junior varsity
Varsity
Clubf/travel
College club
College varsity
High school (unspecified)
College (unspecified)
Middle School
Not specified in chart

Does the chart contain data on volume of secondary sport participation? Y/N
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Tertiary sport
Baseball
Basketball
Cheerleading
Crew
Cross Country
Dance
Diving
Fencing
Field Hockey
Football
Golf
Gymnastics
Ice hockey
Lacrosse
Rugby
Sailing
Skiing
Squash
Soccer
Softball
Swimming
Tennis
Track and Field
Volleyball
Water polo
Wrestling
Other

Primary position

Level of competition
Junior varsity
Varsity
Club/travel
College club
College varsity
High school (unspecified)
College (unspecified)
Middle School
Not specified in chart

Does the chart contain data on volume of secondary sport participation? Y/N

Other demographic notes
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Initial visit
Date of initial clinic visit
Age at initial visit

Modalities used for diagnosis
Clinical (no imaging)
X ray
MRI
Ultrasound

Date initial onset of symptoms

Onset type
Acute
Insidious

Mechanism of injury

Time of season during onset
In-season
Pre-season
Off-season
Not specified in chart

Sporting activity at onset
Practice
Competition
Strength training
Not sport-related
Not specified in chart

Does the pain radiate?
Yes
No
Not specified in chart

Aggravating activities
Easing activities
Does the pain affect the patient’s sleep?
Yes
No
Not specified in chart
Investigations and findings
Primary diagnosis

Spondylolysis
Spondylolisthesis
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Disc disease
Apophysitis

Facet joint dysfunction
Infection
Inflammation
Malignancy
Sacroiliitis

Sprain

Strain
Non-specific LBP
Other

Secondary diagnosis
Spondylolysis
Spondylolisthesis
Disc disease
Apophysitis
Facet joint dysfunction
Infection
Inflammation
Malignancy
Sacroiliitis
Sprain
Strain
Non-specific LBP
Other

Diagnosis during initial visit? Y/N
Pain level at initial visit

Pain descriptor
Achy
Burning
Dull
Sharp
Stabbing
Other
Not specified in the chart

Management/treatment
Rest
Activity modulation (Relative rest)
Physical therapy
Injection (type of injection)
Surgery
Rest from sport
Medication (type of medication)
MRI
Bracing
Other
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Level of function
Unrestricted
Participating in sport with modifications
No participation in sport; engaging in other functional activities
ADLs only
Severely restricted
Not specified in chart

Management described

Additional notes
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Follow-up visit

Date of follow-up clinic visit

Age at follow-up visit

New diagnosis? Y/N

Are they currently experiencing back pain? Y/N

Does the pain radiate?
Yes
No
Not specified in chart

Aggravating activities
Easing activities

Does the pain affect the patient’s sleep?
Yes
No
Not specified in chart

Investigations and findings

Primary diagnosis
Spondylolysis
Spondylolisthesis
Disc disease
Apophysitis
Facet joint dysfunction
Infection
Inflammation
Malignancy
Sacroiliitis
Sprain
Strain
Non-specific LBP
Other

Secondary diagnosis
Spondylolysis
Spondylolisthesis
Disc disease
Apophysitis
Facet joint dysfunction
Infection
Inflammation
Malignancy
Sacroiliitis
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Sprain
Strain
Non-specific LBP
Other

Diagnosis during initial visit? Y/N
Pain level at initial visit

Pain descriptor
Achy
Burning
Dull
Sharp
Stabbing
Other
Not specified in the chart

Management/treatment
Rest
Activity modulation (Relative rest)
Physical therapy
Injection (type of injection)
Surgery
Rest from sport
Medication (type of medication)
MRI
Bracing
Other

Level of function
Unrestricted
Participating in sport with modifications
No participation in sport; engaging in other functional activities
ADLs only
Severely restricted
Not specified in chart

Management described

Additional notes
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Appendix 4-1: Trinity College Dublin Faculty of Health
Sciences Research Ethics Committee Ethics Approval

9= E? Colaiste na Triondide, Baile Atha Cliath
m Trinity College Dublin

Glscedl Atha CHath | The Urtversity of Dublin

Julia Wall

Department of Physiotherapy,
Trinity Centre for Health Scences,
5t. lames's Hospital,

James's Street,

Dublin &

2nd March 2020
Ref: 2020109

Title of Study: Sport related low back pain in adolescent athletes: the need for increased
knowledge.

Dear Julia,

Further to a meeting of the Faculty of Health Scences Ethics Committee held in February 2020. We
are pleased to inform you that the abowe project has ethical approval to proceed.

This study has been ethically approved. We would advise you to seek review and comments on your
DPIA from the DPO i required prior to study commencement'

As aresearcher you must ensure that you comply with other relevant regulations, including DATA
PROTECTION and HEALTH AND SAFETY.

Yours sincerehy,

EF 2 T . SN

Prof. Jacintha O"Sullivan
Chairperson

Faculty Research Ethics Committes

y of Health SGences wewrm Pl s od e
il
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Appendix 4-2: Boston Children’s Hospital Institutional Review
Board Approval

@ Boston Childrens Hospital

Institutional Review Board (IRB)
300 Longwood Averue

Malstop BCH 3164

Boston, MA 02115

Tal: (B17) 355-7052

Faut: (617} 7300226

waw. bostonchildnens. archirt:

Principal Investigator Wilhiam Meehan MD

Protoecol Number [EB-PO0037036

Protocol Title Sport-related low back pam i adolescent athletes: the lived expenence of
adolescent athletes

Date: May 10, 2021

NOTICE OF EXPEDITED APPROVAL
IRB Approval Date: 3/23/2021
IRB Activation Release Date: 5/10/2021

Please Note: The mitiahion or contimuation of climeal research actmities mmst follow the Boston Chuldren’s Hospatal
(BCH) advisonies or policies. The [RB 1= contimmng to review protocols; however, BCH iz currently restricting the
conduct of clinical research in response to the COVID-19 crisis. Details of these resirictions and an IRB QWA
document are available at hitps:\'wrwrer.childrenshospital ors/researchiimstitufional -review-board latest-resources-and-
references and both wall be updated as changes are implemented Please confact the [RB Office wath any queshons
vou may have.

The Institutional Review Board (IRB) has approved the above referenced protocol through expedited review
procedures in accordance with federal regulation 45 CFR 46.110 (&) (1), under Categonies 5 and 7. We are now able
to release this approval to you smee you have adequately responded to the IRB's queshions and concerns.

BEISEBENEFIT ASSESSMENT

Thas study has been approved under HHS Eegulahions 45 CFR 46 404 for the melusion of children Bisks were
determined to be mumimal with no potential for direct benefit

INFOEMED CONSENT, ASSENT, PARENTAL FEEMISSION AND HIPAA AUTHORIZATIONS

The IRB has approved a warver for the requirement to obtain informed consent and HIPAA authonzation to use

The IFB has determined that cnly one parent/puardian 1= required to provide permmssion for their child to participate
in this study and provide authonzation for the use andfor disclosure of protected health mformation in the conduct of
this research.

Assent 15 required from those subjects capable of understanding the research and its ramifications. If voun deterouime a
particular child i= not capable of providing assent. you will need to provide jushfication on the mformed consent after
the parental signatures.

The approved consent’assent document(s) are available on-line through the BCH the Informied Consent Library. To

obtain the consent form, please go to the CHeRT IRB webaiie and select “TC Library.” Please note that the ICLibrary
1s accessible only through imternal access and available only to those with a BCH web account. The IC Library
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Appendix 4-3: Twitter Poster

HAVE YOU HAD LOW
BACK PAIN?

Are you a junior athlete?

We want to hear from you!

8%« r\?

Researchers from the D|SC|pI|ne of
Physiotherapy, Trinity College Dublin
want to hear about your experience
of having low back pain.

Participants will be asked to:
* Participate in one interview with researchers about
the participant’s experience of low back pain (via
Microsoft Teams).

* Fill out two questionnaires via Microsoft Forms. One
questionnaire is about low back pain, the other is
about the participant’s physical activity levels.

Am | ellglble?

Participants must:

* Have had low back pain within
the past year.

* Be otherwise healthy persons
aged between 10 and 19 years
old.

® Bean athlete, defined by
participation or competing in
organised sport at least three
times per week.

e Be fluent in English.

e Be able to give informed
consent (if over 18) or
accompanied by a parent or
guardian who can provide
consent if under 18 years.

For more information, please
contact Julia Wall, PhD Student.

EMAIL:
WALLJU@TCD.IE
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Appendix 4-4: Participant Information Leaflet

Sport related low back pain: the lived experience of adolescent athletes

Site Online

Principal Investigator(s) | Lead Investigator: Ms. Julia Wall

and Co-Investigator(s) | wallju@tcd.ie

(insert names, titles Co-investigators:
and contact details) Dr. Fiona Wilson wilsonf@tcd.ie
Dr. William Meehan

william.meehan@childrens.harvard.edu

Data Controllers Trinity College Dublin
The Micheli Center for Sports Injury
Prevention at Boston Children’s Hospital

Data Protection Officer | Data Protection Officer
Secretary’s Office
Trinity College Dublin
Dublin 2

You are being invited to take part in a research study that is being done through Trinity
College Dublin in association with the Micheli Center for Sports Injury Prevention at Boston
Children’s Hospital. The lead investigator is Ms. Julia Wall. The study will take place online
via Microsoft Teams.

Before you decide whether you wish to take part, please read this information sheet carefully.
Ask Ms. Wall any questions. Don’t feel rushed or under pressure to make a quick decision.
You should understand the risks and benefits of taking part in this study so that you can
make a decision that is right for you. You may wish to discuss it with your family, friends
or GP.

This leaflet has four main parts:

Part 1 — The Study

Part 2 — Data Protection

Part 3 — Costs, Funding and Approval

Part 4 —Further Information
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Part 1 — The Study

Why is this study being done?

Exercise is vital for adolescents’ physical and mental health in adolescence. Many
adolescents get exercise by participating in sport, but this comes with risk. An under-
researched risk of participation in sport is low back pain (LBP). LBP in this study is
defined as pain, ache, or discomfort in the area from the bottom of the ribcage to the
gluteal folds whether or not it extends to one or both legs. LBP in adolescence can lead to
an adolescent athlete taking time off sport or leaving sport entirely. Since the greatest
predictor of low back pain in adults is a previous episode of low back pain, LBP in
adolescence puts the athlete at risk for future LBP. Despite the numerous problems
presented by LBP in adolescent athletes, there has been limited research into this condition.
It is necessary to understand the presentation of LBP in adolescent athletes to develop
evidence-based management and prevention approaches. The proposed research will
contribute to the development of this evidence base.

This study is being conducted to develop the evidence base for low back pain in adolescent
athletes.

Who can participate?

You have been invited to take part in this study because you are an adolescent athlete who
has experienced low back pain.
To be included in this study, you must:

o Have had low back pain in the past year
Be aged between 10 and 19
Be an athlete, defined by participation and competing in organised sport
Be fluent in English
Be free of intellectual disability or cognitive impairment that would impair or
impede the ability to give informed consent (if over 18) or are accompanied by a
parent or guardian who can provide consent if under 18 years.

O O O O
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Do I have to take part? Can | withdraw?

You do not have to take part in this study. It is entirely voluntary. If you decide not to take
part, it will not affect your current or future medical care or athletic participation. You can
change your mind about taking part in the study and opt out at any time even if the study has
started. If you decide to opt out, it won’t affect your current or future medical care or athletic
participation. You don't have to give a reason for not taking part or for opting out. If you
wish to opt out, please contact Ms. Julia Wall, lead investigator (email wallju@tcd.ie) who
will be able to organise this for you.

If you choose not to take part anymore, you will be asked to fill in a withdrawal form. If you
wish, you can ask for your data stored to be destroyed. If you request this, we will destroy
all data that are still in our possession. We will no longer use or share your data for research
from this point onwards. However, it will not be possible to destroy samples and data already
used in research studies prior to this time.
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Are there any benefits to taking part in this research?

Taking part in this study will not directly benefit you. However, research performed with
your guestionnaire responses may help us to better understand low back pain in adolescent
athletes and may result in new treatment approaches. This is a long-term research project, so
the benefits of the research may not be seen for several years. By participating, you are
helping to advance science and medicine for future generations.

Are there any risks to me or others if | take part?

Due to the nature of the questionnaire and interview, some of the information discussed could
be sensitive/upsetting, as it relates to your experience of pain. The interviewer is a chartered
physiotherapist and investigators are experienced clinicians. Advice will be provided
regarding pain management and referral options if it is required.

There is a risk that a connection to your identity could be made. Great care will always be
taken to ensure the confidentiality of all data and the risk to participants of a breach of
confidentiality is considered very low.

How will the study be carried out?

Below is a general overview of the study

When: July 2020 to December 2021

Where: You will be asked to be available to be online for a Microsoft Teams interview on
one occasion at a time that suits you. Prior to the online interview, you will be asked to fill
out a Patient Information Sheet and two short questionnaires on Microsoft Forms. You will
only need be available once and the whole process should last approximately one hour.

What will happen:

o You will have a conversation with the investigators via Microsoft Teams
regarding your experience of having back pain. This will be recorded (audio
and video) so that the interviewers can use your interview responses for
research.

o After the interview on Microsoft Teams, you will be asked to fill out a
Patient Information Sheet on Microsoft Forms, which will ask about your
age, sex, height, weight, and sports you participate in.

o You will be asked to fill out an International Physical Activity
Questionnaire on Microsoft Forms, which will ask questions about your
weekly physical activity.
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o You will be asked to fill out the Modified Oswestry Disability
Questionnaire on Microsoft Forms, which will ask about your low back
pain.

o There will also be an open text box on Microsoft Forms, where you will be
asked to outline a typical week of sporting activity at the time of LBP onset.

o Ifyou are under the age of 18, it will be necessary to have a parent/guardian
sign the formal consent form and be present for the Microsoft Teams
interview.

e The study investigators are hoping to recruit approximately 30 participants.
e There will be no long-term monitoring or follow-up.

Will | be told the outcome of the study? Will I be told the results of any tests or
investigations performed as part of this study that relate to me?

The results of the study will be reported in medical/scientific journals and disclosed at
medical/scientific conferences. No information which reveals your identity will be
disclosed.
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Part 2 — Data Protection

What information about me (personal data) will be used as part of this study? Will
my medical records be accessed?

Personal data that will be collected and used include:

Your name (this will be pseudo anonymised)

Your age

Your sport(s), training details at time of LBP onset, and level of physical activity

Your questionnaire responses

Your interview responses will be recorded and transcribed via Microsoft Teams. Interview
recordings will be retained for a maximum period of one week on the Microsoft Stream cloud
platform. Recordings will then be downloaded to local storage on a Trinity-provided laptop
owned by Julia Wall.

Your medical records will not be accessed.

| What will happen to my personal data? |

Personal data will be processed only as is necessary to achieve the objective of the health
research and will not be processed in a way that damage or distress will be caused to the
participant.

Consent forms will be kept for 7 years, at which time they will be destroyed by the
Research Supervisor.

Interview recordings will be retained for a maximum period of one week on the
Microsoft Stream cloud platform. Recordings will then be downloaded to local
storage on a Trinity-provided laptop owned by Julia Wall.

Raw data will only be processed by the lead investigator and supervisors, the data
processors for this study.

Who will access and use my personal data as part of this study?

Only the Lead Investigator and Research Supervisors on the research team will have access
to your personal data. Your personal data will not be shared with anyone outside of the
research team at Trinity College Dublin and Boston Children’s Hospital. The data controllers
(the organisation responsible for keeping your information safe) for this study are Trinity
College Dublin and Boston Children’s Hospital. The Lead Investigator and Research
Supervisor have undergone training in data protection law and practice, prior to starting this
research. The researchers in this project are bound by our Professional Code of Conduct to
maintain confidentiality regarding all data gained during this research. The data processors
for this study are Ms. Julia Wall, Dr. Fiona Wilson, and Dr. William Meehan.
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| Will my personal data be kept confidential? How will my data be kept safe?

Your privacy is important to us. We take many steps to make sure that we protect your

confidentiality and keep your data safe. Here are some examples of how we do this:

Online access to data collection forms, questionnaires, and participant consent forms
will only be accessible to the lead investigator, Julia Wall, and supervisor, Fiona
Wilson.

Information and records in electronic form will be stored on a password-protected
and encrypted USB stick locked securely in a filing cabinet at the Trinity Centre for
Health Sciences, and accessible only to the research team.

Interview recordings will be retained for a maximum period of one week on the
Microsoft Stream cloud platform. Recordings will then be downloaded to local
storage on a Trinity-provided laptop owned by Julia Wall.

All data we collect from you during the study will be coded with a number ID to
maintain your confidentiality. The key to this code will be kept securely locked in
the filing cabinet, separate from all other data we have collected.

Only data required to achieve the aims of this study will be collected.

Your name and personal details will never be published or disclosed to anyone outside the
research team. All information relating to you in hard-copy form will be stored in a locked
filing cabinet in a secure office accessible only by the research team.

Your study information and results will be retained for 7 years, in keeping with good
research practice standards and data protection legislation. It will be destroyed after this

time (electronic data will be erased,).

Under Article 46 (2)(c), there will be a data sharing agreement between Trinity
College Dublin and the Micheli Center for Sports Injury Prevention to ensure
adequate data protection for international data transfers. The persons carrying out the
research are bound by a contractual code of secrecy and have been provided with
training in data protection law.

A Data Protection Impact Assessment was carried out and the level of risk identified
was low.

| How will my data be used during this study?

Your data will be used for health research, which is in the public interest. The information
collected in this study will be analysed, and the overall findings of this study may be
published in international peer reviewed journals and shared at research conferences.
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However, your data will remain coded throughout and your personal identifiers will never
be published or disclosed to anyone outside of this research team.

All online participant information forms, consent forms, questionnaire and interview
responses will only be accessible to Julia Wall, lead investigator, and Fiona Wilson,
primary supervisor.

Names and contact information of participants will be taken upon participation. Number
identification codes will be given to each participant and documented onto the coding sheet
at this time by the lead investigator. All other data collection will be pseudonymised using
this code, with no personal identifiers written on the data collection sheets or on soft-copy
data stored on the USB key.

If a participant requests to edit or delete their data, this request will be reviewed and
completed by the Lead Investigator, as soon as the request has been made. In the case of
the request occurring after a significant period (during which the Lead Investigator may no
longer study at Trinity College Dublin) the request will be completed by the research
Supervisor, Dr. Fiona Wilson.

Data will be shared with Trinity College Dublin, Department of Physiotherapy and Boston
Children’s Hospital, Sports Medicine Division as they are partners in this research.

| What is the lawful basis to use my personal data? |

Your data will be processed under the lawful basis according to the following Articles of
the EU General Data Protection Act 2016: Article 6(1)(e), where the processing is carried
out in the public interest, and Article 9(2)(j), where processing is necessary for archiving
in the public interest, scientific or historical research purposes, or statistical purposes.

We will also ask for your explicit consent to process your data as a requirement of the
Irish Health Research Regulations 2018.

| What are my rights? |

You are entitled to:
e The right to access to your data and receive a copy of it

e The right to restrict or object to processing of your data

e The right to object to any further processing of the information we hold about you
(except where it is de-identified)

e The right to have inaccurate information about you corrected or deleted

e Therightto receive your data in a portable format and to have it transferred to another
data controller

e The right to request deletion of your data
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By law you can exercise the following rights in relation to your personal data unless the
request would make it impossible or very difficult to conduct the research.

You can exercise these rights by contacting your study lead investigator, Ms. Julia Wall.
Email: wallju@tcd.ie. If you are not satisfied with how your data is being used, you can also
lodge a complaint to the Data Protection Commissioner (Phone: +353 57 8684800 or +353
(0)761 104 800; website: http://www.dataprotection.ie; address: Office of the Data
Protection Commission, 21 Fitzwilliam Square South, Dublin 2).
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Part 3 — Costs, Funding and Approval

Has this study been approved by a research ethics committee?

Yes, this study received ethical approval on 10" July 2020 from the Faculty of Health
Sciences  Research  Ethics Committee, Trinity College  Dublin.  Email:

ethicscommittee@tcd.ie

Who is organising and funding this study? Will the results be used for commercial
purposes? Will | be paid?

This research project is self-funded by the Discipline of Physiotherapy, Trinity College
Dublin, as part of postgraduate PhD research. The results will not be used for commercial

purposes. You will not receive payment or reimbursement for your participation in this
research
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Part 4 — Further Information

Who should I contact for information or complaints?

For more information about the study, your participation, and your rights, please contact
the research team:

Research Supervisor: Dr Fiona Wilson, Associate Professor, Discipline of Physiotherapy,

Trinity College Dublin
Contact: Tel (01) 8963534, E-mail: wilsonf@tcd.ie

Research Supervisor: Dr. Bill Meehan, Director, the Micheli Center for Injury Prevention

Contact: Tel (781) 216-1328, Email: william.meehan@childrens.harvard.edu

Lead Investigator: Ms. Julia Wall, Research PhD Student, Trinity College Dublin
Contact: Tel (01) 8963613, E-mail: wallju@tcd.ie

Data Controller: Trinity College Dublin

For information regarding your rights under data protection law, please contact:

Data Protection Officer, Trinity College Dublin: Contact E-mail: dataprotection@tcd.ie
Website: http://www.tcd.ie/privacy, Address: Secretary’s Office, Trinity College Dublin,
Dublin

| Will I be contacted again?

We do not intend to contact you following your participation in the study.

If you would like to take part in this study, you will be asked to sign the Consent Form on the next
page. You will be given a copy of this information leaflet and the signed Consent Form to keep.
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Appendix 4-5: Consent Form (Participants under age 18)

Study name: Sport related low back pain in adolescent athletes: the lived experience of adolescent

athletes

Location: Interviews will be conducted via Microsoft Teams and questionnaires will be given via

Microsoft Forms

There are 2 sections in this form. Each section has a statement and asks you to initial

if you agree. The end of this form is for the researchers to complete.

Please ask any questions you may have when reading each of the statements.

Thank you for participating.

Please Initial the box if you agree with the statement. Please feel free to ask questions

if there is something you do not understand.

Section 1: General Information

Initial

| confirm | have read and understood the Participant Information Leaflet
for the above study. The information has been fully explained to me and
my child/ward and I have been able to ask questions, all of which have been
answered to my satisfaction. My child/ward has been able to ask questions,
all of which have been answered to his/her satisfaction.

I understand that this study is entirely voluntary, and if I or my child/ward
decide that they do not want to take part, they can stop taking part in
this study at any time without giving a reason. | understand that deciding
not to take part will not affect my child/ward’s future medical care.

I understand that my child/ward will not be paid for taking part in this study.

I know how to contact the research team if | need to.

| agree to that my child/ward may take part in this research study having been fully
informed of the risks, benefits and alternatives which are set out in full in the
information leaflet that | have been provided with.

I agree to being contacted by researchers by email/phone as part of this research study

I agree to my child/ward’s interview being recorded on Microsoft Teams. Interview
recordings will be retained for a maximum period of one week on the Microsoft
Stream cloud platform before being downloaded to local storage on a Trinity-
provided laptop owned by Julia Wall. The recording will be transcribed. The
recording will be retained for the duration of the study.
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Section 2: Data processing

Initial

I agree to allow personal information about my child/ward to be shared with third
parties including; The Micheli Center for Sport Injury Prevention, Sport Ireland, and
Trinity College Dublin for the purpose of low back pain in adolescent athlete
research, as described in the Patient Information leaflet.

I understand that personal information about my child/ward, including the transfer of
this personal information about my child/ward outside of the EU, will be protected
in accordance with the General Data Protection Regulation.

I understand that there are no direct benefits to my child/ward from participating in
this study. | understand that results from analysis of my child/ward’s personal
information will not be given to me.

I understand that my child/ward can stop taking part in this study at any time
without giving a reason and this will not affect my child/ward’s future medical care or
athletic participation.

I understand that I can request at any time that my child/ward’s personal data will be
deleted and not used (except where the data has already been analysed/published or has
been anonymised).

I understand that my child’s/ward’s data will be stored for 7 years in compliance with
legal and regulatory obligations. Interview recordings will be retained for a maximum
period of one week on the Microsoft Stream cloud platform before being downloaded
to local storage on a Trinity-provided laptop owned by Julia Wall. The recording will
be transcribed. The recording will be retained for one month in local storage.

Participant Name (Block Capitals) Participant Signature Date

Parent/Guardian Name (Block Capitals) Parent/Guardian Signature

Date
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Witness Name (Block Capitals) Witness Signature Date

To be completed by the Principal Investigator or nominee.

I, the undersigned, have taken the time to fully explain to the above patient the nature and
purpose of this study in a way that they could understand. | have explained the risks and
possible benefits involved. | have invited them to ask questions on any aspect of the study
that concerned them.

I have given a copy of the information leaflet and consent form to the participant with
contacts of the study team

Researcher name

Researcher Title and qualifications

Researcher Signature

Date
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Appendix 4-6: Assent Form (Participants aged 16-17)

Study name: Sport related low back pain in adolescent athletes: the lived experience of adolescent
athletes

Location: Interviews will be conducted via Microsoft Teams; questionnaires will be given via
Microsoft Forms.

Before signing this Assent Form, please read the Patient Information Leaflet provided
and ask us any questions you have.

We are doing a research study about athletes who are between the ages of 10 and 19,
who have low back pain.

If you decide that you want to be part of this study, you will be asked to be available
online for an interview on Microsoft Teams and to fill out a patient information sheet and
two questionnaires online via Microsoft Forms. The whole process should last one hour.
Since you are under the age of 18, your parent/guardian needs to be present for the
interview. The interview will be recorded and transcribed to allow the interviewers to use your
interview responses in their research.

No one who participates in this study will directly benefit, but you will be helping the
researchers to find out more information about low back pain in athletes your age. After
we are finished with the study, we will write a report about what we learned from the
study. This report will not include your name.

You do not have to participate in this study if you do not want to. You can also decide to
stop after we begin. Your parent/guardians know about the study and your participation
in it.

If you decide you want to be in this study, please sign your name.

I, , want to be part of this research study.

(Sign your name here) (Date)

288




Appendix 4-7: Assent Form (Participants aged 10-15)

| agree that | would like to take part in this study about low back pain in adolescent
athletes. | agree that the researchers can record and transcribe my interview on Microsoft
Teams. | read the information given to me about this study and asked any questions | had. |
understand that | do not have to be a part of this study, and that | can stop at any time.

My signature Today’s date

My parent/guardian’s signature Today’s date
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Appendix 4-8: Modified Oswestry Disability Index (ODI)

Modified Oswestry Low Back Paln Disability Questioanalre
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Appendix 4-9: International Physical Activity Questionnaire

4.

(IPAQ)

INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE

We are inlerested in finding out about the kinds of physical activities that people do as
part of their everyday lives. The guestions will 3sk you about the time you spent being
physically active in the last 7 days. Please answer each quastion even if you do not
consider yoursalf to be an active person. Please think about the activities you do at
work, as part of your house and yard work, to get from place to place, and in your spare
time for recreation, exercise or sport,

mnk:bumallhﬂgoroumm:malyouﬁmnnlm7&ys Vi
refer o jes that take hard phy effort and make you breathe

mumhardarhmmmal Think only about those physical activities that you did for at
least 10 minutes ot a time.

1. During te last 7 days, on how many days did you do vigorous physical
activities like heavy lifing, digging, aerobics, or fast bicyding?

days per week
[[J we vigorous physical actiities = Skip to question 3

2. How much time did you usually spend doing vigorous physical activities on one
of hose days?
hours per day
minutes per day

O oot xnowot sure

Thnkaboulallhmod.namvlmlrulymdndmmhn7dm Moderate
ivities refer to activies that take ical effort and make you breathe
somewhat harder than noemal. Think only about those physical activities that you did

for ot learst 10 minutes at 3 time.

3. During te last 7 days, on how many days did you do moderate physical
activities like carrying light loads, bicyding at a regular pace, or doubles tennis?
Do not include walking.
days per week
[[] o moderate physica activites == Skip to question 5

How much time did you usually spend doing moderate physical activities on one
of hose days?

__hours per day
minutes per day

O oontknowot sure

Think about the time you spent walking in the last 7 days. This includes at work and at
home, walking to travel from plsce %o place, and any other walking that you have done
=olely for recreation, sport, exercise, or keisure.

5.

During the last 7 days, on how many days did you walk for at least 10 minutes
at a time?

days per week
[[] Mowalking = Skip to question 7

How much time did you usually spend walking on one of those days?

hours per day
minutes per day

D Don't knowNot sure

The last question is about the time you spent sitting on weekdays during the last 7
days. Include time spent at work, at home, while doing course work and durning leisure

time. This may include time spent sitting &t a desk, visiting friends, reading, or sitling or
lying down fo waich felevision.

7. During the last 7 days, how much time did you spend sitting on a week day?

____hours per day
minutes per day

D Don't know'Not sure
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Appendix 4-10: Additional Information About Sport Activity

Please outline a typical week of sports activity at the time of LBP onset. Include
information such as: number of days per week, length of exercise sessions, type of

exercise, etc.
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Appendix 4-11: Code Evolution Example

Raw data: Initial code Stage 2 code Subtheme
Inevitability of | The view of back Perceptions of back
T've been told by pretty | pack pain pain as pain as
normal/inevitable normal/inevitable
much everyone that creates creates vulnerability
vulnerability in in adolescent athletes.

back pain is part of adolescent athletes
{sport}, um, and that
I'm just gonna have to
live with it and that
everybody gets a little
bit of back pain. It's just

part of the sport.” (P3)
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Appendix 5-1: Twitter poster

eV Trinity College Dublin

o :‘ s Coliiste na Triondide, Baile Atha Cliath

w The University of Dublir

Researchers from the Discipline of
Physiotherapy, Trinity College Dublin are
conducting a research survey of
healthcare professionals who are
involved in the management of
adolescent athletes with low back pain.

Participants will be asked to:
* Fill out 3 survey on Qualtrics. The
questionnaire will ask sbout assessment,

management, and beliefs about low back pain.

® This questionnzire should tzke no longer than
30 minutes to complate.

ORI

X7

o\

Am | eligible?

Participants must:

® Be a healthcare
professional.

e Have experience
managing low back
pain in adolescent
athletes (aged 10-
19 years old).

® Have at least one
year of clinical
experience.

For more
information, please
contact Julia Wall
Email: wallju@tcd.ie
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Appendix 5-2: TCD School of Medicine Research Ethics
Committee Approval

Title: 'Healthcare Professionals’ Assessment, Management, and Beliefs about
Low Back Pain in Adolescent Athletes’

Applicant Name: Julia Wall

Submitted by: Julia Wall

Academic Supervisor: Fiona Wilson

Application Number: 20220505

Result of the REC Meeting: Approved
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Appendix 5-3: Survey

Thank you for taking the time to complete this survey. Full details about this survey can be
found in the Participant Information Leaflet [link to PIL].

part 1 of this survey explores the management (including assessment) of low back pain in
adolescent athletes. For the purposes of this survey, the adolescent age range is defined as
10-19 years old.

3Low back pain definition: Low back pain is a symptom that can result from several
different known or unknown abnormalities or diseases. It is defined by the location of pain,
typically between the lower rib margins and the buttock creases. In some cases, it may be
accompanied by pain in one or both legs and some people with low back pain have
associated neurological symptoms in the lower limbs. Sport-related low back pain is pain
that affects an athlete, that is because of or exacerbated by sport or sport-related training,
resulting in a need to modify or stop scheduled activities.

ZPart 2 of this survey assesses low back pain beliefs/attitudes of healthcare professionals
and is assessed using the Back Pain Attitudes Questionnaire.

We are inviting any healthcare professional with more than one year of experience
managing low back pain in adolescent athletes to participate in this survey. All responses
are anonymous, and you may exit the survey at any time. This survey should take no more
than [ten] minutes to complete.

Thank you for your participation.

References:

1 Part 1 developed using a Delphi study as a framework: Wilkie K, Thornton JS, Vinther
A, Trease L, McDonnell SJ, Wilson F. Clinical management of acute low back pain in elite
and subelite rowers: a Delphi study of experienced and expert clinicians. Br J Sports Med.
2021 Dec;55(23):1324-1334. doi: 10.1136/bjsports-2020-102520. Epub 2021 Jan 11.
PMID: 33431498.

2 Part 2: Darlow B, Perry M, Mathieson F, Stanley J, Melloh M, Marsh R, Baxter GD,
Dowell A: The development and exploratory analysis of the Back Pain Attitudes
Questionnaire (Back-PAQ). BMJ Open 2014, 4(5).

3 Low back pain definition adapted from: Wilson F, Thornton JS, Wilkie K, et al2021
consensus statement for preventing and managing low back pain in elite and subelite adult
rowers British Journal of Sports Medicine 2021;55:893-899.

I confirm that | have read and understood the Information Leaflet for this study, and
I consent to participate in this survey.

" Yes

“ No
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Partl

Part 1 of this survey explores the management (including assessment) of low back pain in
adolescent athletes (1). For the purposes of this survey, the adolescent age range is defined
as 10-19 years old.

1. Part 1 developed using a Delphi study as a framework: Wilkie K, Thornton JS, Vinther
A, Trease L, McDonnell SJ, Wilson F. Clinical management of acute low back pain in elite
and subelite rowers: a Delphi study of experienced and expert clinicians. Br J Sports Med.
2021 Dec;55(23):1324-1334. doi: 10.1136/bjsports-2020-102520. Epub 2021 Jan 11.
PMID: 33431498.

1. What is your current profession?
“ Physiotherapist
" Sports medicine physician
" General practitioner
" Osteopath
" Chiropractor
“ Athletic trainer
" Sports therapist
“ Surgeon
" Nurse practitioner
" Physician assistant
" Other (please specify)
2. How many years of overall clinical experience do you have?
© 1-5years
" 6-15 years
" 16-25 years
" 25+ years

3. Do you have more than one year of experience treating adolescent athletes (aged 10-19)
with low back pain?

" Yes

" No
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If yes, How many years of experience managing adolescent athlete low back pain do you
have?

© 1-5years
“ 6-15 years
" 16-25 years

" 25+ years

4. On average, how many adolescent athletes with low back pain do you see per month?

5. What is your highest level of qualification?
" Bachelor’s degree
" Master’s degree
" Postgraduate diploma
" Doctorate

6. Do you hold sports medicine-specific qualifications? E.g., UKSCA, MSc (Sports
Medicine)

" Yes
" No
7. In which area do you practice?
“ Hospital
“ Community
“ Sports medicine clinic
“ Private practice
© Team

Other (please state)

8. In which geographical region do you currently practice?

"Africa
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“Asia

“Europe

“North America
“South America
“Oceania

The following questions are about the initial triage phase. This is defined as the first
contact with a clinician.

9. What subjective/interview questions guide your management of adolescent athlete low back
pain in the initial triage phase? Please select all that apply.

" Type/nature of pain

" History of current low back pain episode
" Past history of low back pain

" Past medical history

" Pain quality and severity

" 24-hour pattern of pain

" Aggravating and easing factors

" Sleep

“ Occurrence of pain with activities of daily living
" Recent changes related to sport workload
" Red flags

" Year in school

" Life stressors

" Sport type(s)

" Training hours per week, per sport

" Competition hours per month

" Goals for treatment

" Other (please specify)

10. What objective/physical examination findings guide your management of adolescent
athlete low back pain in the initial triage phase? Please select all that apply.
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" Posture/general observation

" Functional tests e.g., gait

" Neurological testing; reflexes, sensation, muscle power, neural sensitivity
" Quality of movement

" Pain responses to lumbar range of movement/flexibility

" Pain responses to palpation

" Other (please specify)

11. What (non-pharmacological) treatment/management strategies and/or principles do you
use in the initial triage phase of adolescent athlete low back pain?

" Manual therapy

" Exercise (please specify type)

" Advice to stay active

" Training load management

“ Monitoring pain levels

" Education and reassurance about low back pain
“Inclusion of athlete in treatment decision making
“ Communication with coach

" Avoidance of aggravating activities

" Consideration of psychological support where necessary
" Goal setting/expectation management

" Rest/unloading

" Resistance exercise

" Core specific exercise

" Range of movement/flexibility exercise

" Balance exercises

“ Acupuncture

" Tai Chi

" Yoga
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" Pilates
" Surgical consult
" Brace/external support

" Other (please specify)

12. Please add any additional information about the initial triage phase here.

The following questions are about the acute phase. This is defined as the first week of
an acute episode of low back pain.

13. What subjective/interview questions guide your management of adolescent athlete low
back pain in the acute phase? Please select all that apply

" Type/nature of pain

" History of current low back pain episode
" Past history of low back pain

" Past medical history

" Pain quality and severity

" 24-hour pattern of pain

" Aggravating and easing factors

" Sleep

" Occurrence of pain with activities of daily living
" Recent changes related to sport workload
" Red flags

" Year in school

" Life stressors

" Sport type(s)

" Training hours per week, per sport

" Competition hours per month

" Goals for treatment

" Improvement of symptoms
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" Responses to rest and activity

" Athlete confidence in improvement in low back pain and function
“ Ability to complete activities of daily living

" Response to medication

" Level of pain with activities of daily living

“ Recent changes related to sport workload

" Other (please specify)

14. What objective/physical examination findings guide your management of adolescent
athlete low back pain in the acute phase? Please select all that apply.

" Posture/general observation

" Functional tests e.g., gait

" Neurological testing; reflexes, sensation, muscle power, neural sensitivity
" Quality of movement

" Pain responses to lumbar range of movement/flexibility

" Pain responses to palpation

" Sitting tolerance

" Sport-specific ranges of motion

" Other (please specify)

15. What (non-pharmacological) treatment and management strategies and/or principles do
you use in the acute phase?

" Manual therapy

" Exercise (please specify type)

" Advice to stay active

" Training load management

“ Monitoring pain levels

" Education and reassurance about low back pain

" Inclusion of athlete in treatment decision making
“ Communication with coach

“ Avoidance of aggravating activities
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" Consideration of psychological support where necessary
" Goal setting/expectation management

" Rest/unloading

" Resistance exercise

" Core specific exercise

" Range of movement/flexibility exercise

" Balance exercises

" Progression toward sport-specific spinal load requirements
" Functional exercise rehabilitation programme
" Cross-training

" Short sport-specific exercise

" Mindfulness techniques

" Coach/friend/family support

“Ongoing use of medication

" No sport-specific training

“ Avoid axial load through the spine

“ Acupuncture

" Tai Chi

“Yoga

" Pilates

" Surgical consult

" Brace/external support

" Other (please specify)

16. Please add any additional information about the acute phase.
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The following questions are about the subacute phase. This is defined as partial
return to sport.

17. What subjective/interview findings guide your management of adolescent athlete low back
pain in the subacute phase? Please select all that apply

" Type/nature of pain

" History of current low back pain episode

" Past history of low back pain

" Past medical history

“ Pain quality and severity

" 24-hour pattern of pain

" Aggravating and easing factors

" Sleep

" Occurrence of pain with activities of daily living
" Recent changes related to sport workload

" Red flags

“Year in school

" Life stressors

" Sport type(s)

" Training hours per week, per sport

" Competition hours per month

“ Goals for treatment

" Improvement of symptoms

" Responses to rest and activity

" Athlete confidence in improvement in low back pain and function
" Ability to complete activities of daily living
" Response to medication

" Level of pain with activities of daily living
" Recent changes related to sport workload

" Level of pain with cross-training modalities

304



" Level of morning stiffness

" Reduction in medication or generalised stiffness
" Level of athlete’s confidence to progress

" Level of pain during sport

" Other

18. What objective/examination findings guide your management of adolescent athlete low
back pain in the subacute phase? Please select all that apply.

" Posture/general observation

" Functional tests e.g., gait

" Neurological testing; reflexes, sensation, muscle power, neural sensitivity
" Quality of movement

" Pain responses to lumbar range of movement/flexibility

" Pain responses to palpation

" Sitting tolerance

" Sport-specific ranges of motion

" Reassessment of objective findings from initial triage phase
" Reassessment of objective findings from acute phase

" Trial return to sport

" Pain levels during activities of daily living

" Pain levels during sport

" Other

19. What treatment and management strategies and/or principles do you use in the subacute
phase?

“ Manual therapy

" Exercise (please specify type)
" Advice to stay active

" Training load management

“ Monitoring pain levels
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" Education and reassurance about low back pain

" Inclusion of athlete in treatment decision making

“ Communication with coach

“ Avoidance of aggravating activities

" Consideration of psychological support where necessary
" Goal setting/expectation management

" Rest/unloading

" Resistance exercise

" Core specific exercise

" Range of movement/flexibility exercise

" Balance exercises

" Progression toward sport-specific spinal load requirements
“ Functional exercise rehabilitation programme

" Cross-training

" Short sport-specific exercise

" Mindfulness techniques

" Coach/friend/family support

" Ongoing use of medication

" No sport-specific training

“ Avoid axial load through the spine

" Return to sport without pain

" Biomechanical assessment

" Technical coaching

" Restoration of sport-specific ROM

“ Maintenance or improvement in mobility

" Return to sport with a gradual reloading programme
" Involvement of a strength and conditioning coach

“ Acupuncture
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" Tai Chi

“Yoga

" Pilates

" Surgical consult

" Brace/external support
" Other (please specify)

20. Please add any additional information about the subacute phase here.

The following questions are about the rehabilitation phase. This is defined as a return
to normal training load.

21. What subjective/interview findings guide your management of adolescent athlete low back
pain in the rehabilitation phase? Please select all that apply

" Type/nature of pain

" History of current low back pain episode
" Past history of low back pain

" Past medical history

" Pain quality and severity

" 24-hour pattern of pain

“Aggravating and easing factors

" Sleep

" Occurrence of pain with activities of daily living
" Recent changes related to sport workload
" Red flags

" Year in school

" Life stressors

" Sport type(s)

" Training hours per week, per sport

" Competition hours per month

" Goals for treatment
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" Improvement of symptoms

" Responses to rest and activity

" Athlete confidence in improvement in low back pain and function
“ Ability to complete activities of daily living

" Response to medication

" Level of pain with activities of daily living

" Recent changes related to sport workload

" Level of pain with cross-training modalities

" Level of morning stiffness

" Reduction in medication or generalised stiffness
" Level of athlete’s confidence to progress

" Level of pain during sport

" Other

22. What objective/physical/examination findings guide your management of adolescent
athlete low back pain in the rehabilitation phase? Please select all that apply

" Posture/general observation

" Functional tests e.g., gait

“ Neurological testing; reflexes, sensation, muscle power, neural sensitivity
" Quality of movement

" Pain responses to lumbar range of movement/flexibility
" Pain responses to palpation

" Sitting tolerance

" Sport-specific ranges of motion

" Trial return to sport

" Pain levels during activities of daily living

" Pain levels during sport

" Other (please specify)
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23. What treatment and management strategies and/or principles do you use in the
rehabilitation phase?

" Manual therapy

" Exercise (please specify type)

“ Advice to stay active

" Training load management

" Monitoring pain levels

" Education and reassurance about low back pain

" Inclusion of athlete in treatment decision making
" Communication with coach

" Avoidance of aggravating activities

" Consideration of psychological support where necessary
" Goal setting/expectation management

" Rest/unloading

" Resistance exercise

" Core specific exercise

" Range of movement/flexibility exercise

" Balance exercises

" Progression toward sport-specific spinal load requirements
" Functional exercise rehabilitation programme

" Cross-training

" Short sport-specific exercise

“ Mindfulness techniques

" Coach/friend/family support

" Ongoing use of medication

" No sport-specific training

“ Avoid axial load through the spine
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" Return to sport without pain

" Biomechanical assessment

" Technical coaching

" Restoration of sport-specific ROM

“ Maintenance or improvement in mobility

" Return to sport with a gradual reloading programme
" Involvement of a strength and conditioning coach
" Participation in sport with no pain

" Assessment of quality of movement during sport
" Address risk factors with coach and athlete

" Individualised strength and mobility programme
" Self-management by athlete

" Sports psychology

" Education about low back pain

" Reassurance about low back pain

“ Acupuncture

" Tai Chi

“Yoga

" Pilates

" Surgical consult

" Brace/external support

" Other (please specify)

24. Please add any additional information about the rehabilitation phase here.
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The following questions are about adolescent athlete low back pain in general.

25. What guides the use of imaging in your management of adolescent athletes with low back
pain?

26. What patient-reported outcome measures/questionnaires do you use to assess adolescent
athlete low back pain? (Select all that apply)

" Visual Analogue Scale

" Patient Specific Functional Scale

“ Orebro Musculoskeletal Screening Questionnaire
" ASIA chart

" Start Back Screening tool

" Sciatic Bothersome Index

“ Roland Morris Disability Index

" Oswestry Disability Index

" Becks’ Depression Index

“ Nordic Musculoskeletal Questionnaire
“ Outcome measures not frequently used
" Other (please specify)

27. What yellow flags/psychosocial components of adolescent athlete low back pain do you
typically consider throughout all phases? Please select all that apply.

" Catastrophising

“ Anxiety

" Life stressors

" Stressors in sport

" Diagnosed mental health disorder
" Expectations for recovery

" Expectations for return to sport

" Sleep

" Fear avoidance beliefs
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" Pressure from coach

“Mood

" Fear of specific movement patterns

" Coping strategies

" Recurrent history of failing to progress

“ Symptoms in excess of clinical presentation

" Other (please specify)

28. If you also treat adult athletes, are there any physical differences between adult and
adolescent athletes that affect your management of low back pain?

" Yes

“ No

29. What are the key physical differences in management between adult and adolescent
athletes?

30. If you also treat adult athletes, are there any psychosocial differences between adult and
adolescent athletes that affect your management of low back pain?

" Yes
" No

31. What are the key psychosocial differences in management between adult and adolescent
athletes?

32. If applicable to your profession, what pharmacological management techniques would be
included in the management of adolescent athlete low back pain? (please select all that

apply).

“ Non-steroidal anti-inflammatories
" Oral paracetamol

" Topical analgesics

" Muscle relaxants

" Injection (specify type)

" Other (please specify

" Not applicable to my profession
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Part 2

The aim of Part 2 of this questionnaire is to assess your own beliefs/attitudes using the

Back Pain Attitudes Questionnaire.

Source: Darlow B, Perry M, Mathieson F, Stanley J, Melloh M, Marsh R, Baxter GD,
Dowell A: The development and exploratory analysis of the Back Pain Attitudes
Questionnaire (Back-PAQ). BMJ Open 2014, 4(5).

33. These questions are about your own back. Please rate each statement as false, possibly

false, unsure, possibly true, true.

False

Possibly
false

Unsure

Possibly
true

True

Bending your back is good for it

It is easy to injure your back

If you overuse your back, it will wear
out

If an activity or movement causes
back pain, you should avoid it in
future

You could injure your back if you are
not careful

Back pain means that you have
injured your back
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A twinge in your back can be the first
sign of serious injury

Having back pain makes it difficult to
enjoy life

It is worse to have pain in your back
than in your arms or legs

It is hard to understand what back
pain is like if you have never had it
yourself

34. These questions are about recovering from back pain. Please rate each statement as
false, possibly false, unsure, possibly true, true.

False

Possibly
false

Unsure

Possibly
true

True
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If your back hurts, you should take it
easy until the pain goes away

If you ignore back pain, you may
cause damage to your back

It is important to see a health
professional when you have back pain

To effectively treat back pain, you
need to know exactly what is wrong

If you have back pain, you should
avoid exercise

When you have back pain the risks of
vigorous exercise outweigh the
benefits

If you have back pain, you should try
to stay active
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Once you have back pain there is
always a weakness

There is a high chance than an
episode of back pain will not resolve

Once you have a back problem, there
is not a lot you can do about it

We thank you for your time spent taking this survey.

Your response has been recorded.
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Appendix 5-4: Back Pain Attitudes Questionnaire

Back Pain Attitudes Quwestionnaire — 20 item
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