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ABSTRACT
Objective: To investigate the incidence, prevalence, risk factors, and morphological presentations of low back pain (LBP) in adolescent athletes.
Design: Systematic review with meta-analysis. PROSPERO registration number: CRD42020157206.
Data sources: Medline, Embase, CINAHL via EBSCO, Web of Science, Scopus.
Eligibility criteria for selecting studies: Studies evaluating the incidence and/or prevalence of LBP in adolescent athletes across all sports. 
Results: There were 80 studies included. The pooled incidence estimate of LBP in adolescent athletes was 11% (95% CI 8-13, I2=0%) for two-year, 36.0% (95% CI 4-68, I2=99.3%) for 12-month and 14% (95% CI 7-22, I2= 76%) for six-month incidence estimates.  The pooled prevalence estimate of LBP in adolescent athletes was 42% (95% CI 29-55, I2=96.6%) for last 12 months, 46% (95% CI 41.0-52, I2=56%) for last three months, and 16% (95% CI 9-23, I2=98.3%) for point prevalence. Potential risk factors were sport participation, sport volume/intensity, concurrent lower extremity pain, overweight/high BMI, older adolescent age, female sex, and family history of LBP. 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. 
Summary/Conclusion: LBP is common among adolescent athletes, although incidence and prevalence vary considerably due to differences in study methodology, definitions of LBP, and data collection.  
Key words: adolescent athlete, low back pain, sport. 
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INTRODUCTION
[bookmark: _Hlk43915718][bookmark: _Hlk43915632][bookmark: _Hlk43915612][bookmark: _Hlk64895972][bookmark: _Hlk68768490]A leading cause of disability worldwide,1 low back pain (LBP) is prevalent in adolescents, with some studies estimating twelve month prevalence to be 33-57%2 3 and lifetime prevalence to be 70-80% by the age of 20.4 
[bookmark: _Hlk64896005] 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.5 6 Although LBP resolves quickly for some athletes,  it can result in consequences including time off from playing sports or quitting sports entirely.7 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.8 9 There has not been a published synthesis exploring prevalence of LBP in adolescent sport even though adolescent athletes report LBP regularly.6 
[bookmark: _Hlk43915644][bookmark: _Hlk62143173]In this systematic review we aim to create a comprehensive synthesis across multiple sports to establish the incidence, prevalence, risk factors, and morphologies associated with LBP in adolescent athletes. 











METHODS
Protocol and Registration
[bookmark: _Hlk64377249]We used the Preferred Reporting Items for Systematic Reviews and Meta- Analyses (PRISMA)10 recommendations in the reporting of this systematic review. Prior to beginning the review, criteria were established and published in a protocol on PROSPERO (https://www.crd.york.ac.uk/prospero/), registration number: CRD42020157206. Differences between protocol and review can be found in appendix E. 
Study Eligibility Criteria
[bookmark: _Hlk64377271]We included prospective and retrospective studies that evaluated the incidence and/or prevalence 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 only, 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 1). 
Sources and Study Selection
[bookmark: _Hlk64377295]We searched five sources (Medline, Embase, CINAHL, Web of Science, Scopus) from inception to September 30th, 2021, using a search strategy designed by a librarian experienced in the process (DM) (appendix C). The final search was conducted on September 30th, 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 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. 
Data extraction and management
[bookmark: _Hlk64377319]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.11 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 reported using odds ratios (OR). 
Data analysis
We synthesized data to calculate an overall weighted mean incidence and prevalence estimate 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 model [yi = (μ + μi) εij] that allowed for random errors and true variation between studies. Where yi is the dependent variable (prevalence), μ is the mean prevalence effect, μi is the study specific deviation with between study variation, εij is the difference between observed and predicted 
Meta-regression analyses using a mixed-effects model were conducted using Metafor in R.12 Factors which could potentially contribute to heterogeneity in incidence and prevalence 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 QQ plots and residual plots. 
Assessment of methodological quality
Two reviewers (KT and JW) assessed included studies using a quality appraisal tool developed by Lebeouf-Yde and Lauritsen (1995)13  to assess quality in studies of LBP cohorts (supplementary table 4). This tool was modified by Walker (2000)14 to include an additional criterion. It was further modified by Trompeter et al. (2017)15 to consider studies scoring 65% and above as high quality. This tool (appendix D) 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. 
[bookmark: _Hlk68614489]















RESULTS 
Search Strategy 
After removing duplicates, the search yielded 1,907 papers for screening. After screening and exclusions (figure 1), 80 studies were eligible for data extraction. 

FIGURE 1 HERE
Figure 1. Flow chart of study selection for the analysis of incidence, prevalence, and risk factors for low back pain in adolescent athletes.

Characteristics of included studies
A total of 80 studies included 31 cohort studies and 49 cross-sectional studies.  Athlete-specific participant numbers ranged from 716 to 21,280.17 There were 60 sports across 23 countries. Data were most often collected by use of a questionnaire. Common questionnaires included Nordic Musculoskeletal Questionnaire18 or adaptations thereof, and the Oslo Sports Research Trauma Centre Questionnaire.19
Among the 31 cohort studies, 10 were included in the 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 the meta-analysis for incidence. Among the 49 cross-sectional studies, 22 (reported in 23 papers) were included in meta-analysis of high-quality studies reporting 12-month prevalence (n=8), three-month prevalence (n=4), and point prevalence (n=15). 
Data from 74 studies (study reporting explanation in appendix B) 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”). 
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). 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.20-38 There was a specific duration of pain in three studies.22 39 40 Treatment from a doctor or physiotherapist was used to define an injury in five studies.16 30 41-43 A specific pain frequency per week was used in two studies.44 45 A threshold of pain severity was used in two studies.46 47
Methodological assessment 
Of the included studies, 33 studies (reported in 42 papers) 21 25 30 33 39 40 43-45 48-83 scored above 65% on the quality appraisal tool, indicating high quality (supplementary table 4). Only 16 studies (reported in 20 papers) described reasons for non-response or compared the sample and target population17 26 32 39 40 48 50 54 56-62 69 77 79 84 85, though 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.62  Of the 13 studies that included a clinical examination, four used a validated, reproducible, or adequately described examination method22 32 35 68, such 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 location25 27 31 33 44 45 49-56 58-64 66 67 69 71 74-79 81-83 86-89.
Included sports
Soccer was included in 13 studies17 23 25 30 31 35 41 46 57-60 62 74 78 81, while 10 studies included prevalence estimates for gymnastics16 17 39 46 54 62 73 74 85 90. Skiing50 51 68 77 91 92, volleyball17 25 46 52 82 88, swimming17 46 52 62 73 74, basketball17 25 33 43 55 79, and martial arts17 46 62 74 83 93 were investigated 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. Soccer30 31 35 41 81 and martial arts83 93 reported generally lower levels of LBP, whereas ballet75 76, gymnastics16 85 90, and rowing37 64 reported generally higher levels of LBP.
[bookmark: _Hlk64818360]Cohort study design
[bookmark: _Hlk88500447]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. 
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, I2 76%) (figure 2)21 24 26 31. In 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 F). Of note, there was only one high quality study of cohort design reporting six-month incidence (36%)21.

FIGURE 2 HERE
Figure 2. 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% CI 4-68%, I2 99.3%) (figure 3)28 29 60 93. In 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 F). Of note, there was only one high quality study of cohort design reporting 12-month incidence (10.4%)60.
FIGURE 3 HERE
Figure 3. Forest (left) and funnel (right) plot of weighted pooled means of studies reporting 12-month incidenceof LBP.
The pooled incidence estimate of two studies reporting two-year incidence was 11% (95% CI 8.0-13, i2 0%) (figure 4). 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%)46.
FIGURE 4 HERE
Figure 4. Forest (left) and funnel (right) plot of weighted pooled means of studies reporting two-year incidence of LBP.
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, though this did not separate by type of injury24. 
Cross-sectional study design
Of 49 studies with a cross-sectional design, 36 were high quality (73%). Of these, 22 were included in meta-analyses of high-quality studies reporting 12-month prevalence (n=8), three-month prevalence (n=4), and point prevalence (n=15). 
Lifetime prevalence 
Lifetime prevalence in adolescent athletes was reported in 19 studies.17 25 39 40 48 49 52-54 56 63 64 67 69 71 74 75 77 Cumulative lifetime prevalence in these studies ranged from 9.6%40 to 91.9%.56 Lifetime prevalence could not be pooled due to differing ages included in the review (mean age 10-19 years of age). 
12-month prevalence
12-month prevalence was reported by 12 studies (reported in 13 papers) and ranged from 14.6%25 to 64%.16 22 25 39 67 71 74 75 78 88 90 The pooled 12-month prevalence estimate of eight high quality studies was 42%, 95% CI 29-55, I2 96.6% (suppl figure 1 in appendix A). 25 39 57 67 68 71 75 78 

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 F). 
Three-month prevalence 
Overall three-month prevalence was reported in 4 studies and ranged from 43.7%65 to 51.3%89 The pooled three-month prevalence estimate of four high-quality studies was 46%, 95% CI 41.0-52, I2= 56%, (see appendix A for suppl figure 2).50 65 73 75 Meta- 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. 
Point prevalence
Point prevalence was reported by 18 studies (reported in 22 papers)25 40 44 45 47 55 63 64 67 69 71 72 74 75 77 79-83 94 95. Overall point prevalence ranged from 3.2% 81 to 86%.16 The pooled point prevalence estimate of 15 high quality studies (reported in 13 papers) was 16%, 95% CI 9-23, I2= 98.3% (see appendix A for suppl figure 3). 
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%.  
Other recall periods
Other recall periods were used to report prevalence in five studies, including two week96, one month62 76, six month prevalence61 86, and eleven month prevalence.30 
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. Please see Appendix G for further possible interpretations. 

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 LBP.16 17 71 73 74 77 87 95 Some studies identified risk associated with certain sports, such as basketball25, jogging73, handball73, and gymnastics.16 73  
A further nine studies (reported in ten papers) reported sport volume or intensity as a risk factor for developing LBP.39 45 52 58 64 71 74 78 96 In one study, the level of sports exposure, measured by hours of sport participation per week, was only associated with LBP in younger athletes.96 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.74 
There were three high-quality cross-sectional studies that reported that concurrent lower extremity pain was associated with LBP 79 82 83  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 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.54 63 97 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)).63 In another study, those who did not report LBP had lower BMI and body weight compared to those that did report LBP.54 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)).63
Older adolescent age was reported by three studies (reported in four papers) as an associated factor.47 52 66 67 In one study, the prevalence of LBP in children > 13 years old more than doubled when compared to those aged 8-12 years.52 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 to 17 years.47
A group of seven studies reported female sex as a potential associated factor.49 52 61 63 74 85 95 In three studies which reported on athletic girls specifically, there was a significantly higher prevalence of LBP in female athletes than in male athletes61 85 with one study noting this especially in older grades.95  Another study found that female sex was associated with only severe LBP49, and female sex was associated with double the risk of lifetime LBP in a 5th and 6th grade primary students (OR 2.5, 95% CI 1.7-2.5 (analyses adjusted by sex))63 , 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.52 66 67 85  Those with parents who were treated for LBP had twice as much chance of LBP in one study (adjusted OR 1.73, adjusted for age, sex, and ‘other independent variables’, as reported by the study).52 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).67 
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 studies.16 24 28 29 35 36 43 77 97 This was followed by Schmorl’s nodes28 29 68 77 91, disc degeneration36 58 68 98, strains16 24 35, spina bifida occulta28 29 91, end plate changes58 91, and scoliosis.77 91
[bookmark: _Hlk60939503]The most common method of imaging used to confirm diagnoses among the thirteen studies was MRI.24 36 58 68 77 97 98 Lumbar radiographs/films were also used in four studies.91 98 28 29








DISCUSSION
The incidence and prevalence of LBP in adolescent athletes varied considerably due to differences in study methodology, definitions of LBP, and data collection.  
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%99. Similarly, studies show that point prevalence of LBP in adolescents can range from 3.2%-39%2 99. The pooled 12-month incidence estimate falls within this range.  
[bookmark: _Hlk64818552]Physical activity can be both a risk factor and preventive factor for LBP, depending on the level of physical activity.100 It is unclear from this review whether the “U-shaped” 100 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 review did explore level of sport workload or exposure as a risk factor for LBP.16 17 25 53 71 73 74 77 87 95 Those 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 activity101 and still reports a high prevalence of LBP.2 4 102 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.
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 athletes103-105. It 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%106. Some studies suggest that the majority of spondylolysis is asymptomatic103 104 107,  and in adults, imaging reveals incidental asymptomatic findings of spinal changes that are not necessarily associated with pain.108-111  It 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.112 MRI was chosen over CT scan in several included studies due to the risk of increased radiation exposure in adolescents.24 36  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 lead to specific treatment methods that impact significantly on an adolescent’s life, such as lumbar bracing104, rest from sport113, pharmacologic pain management107, and surgery.104 107 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.
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.11 The onset of LBP early in life puts adolescent athletes at higher risk for continuing LBP later in life.8 9 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.11 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 literature11, 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. 
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 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 14.114 There are many factors contributing to this, including physical and psychological barriers115 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, I2 45%).79 82 83  Pain reporting can be influenced by factors such as female sex116, social factors116 117, and past experiences with pain.118 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.7 119 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 
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.
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. 
Limitations
Less than half of included studies were 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.120 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. 
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. 







CONCLUSION
LBP is as common among adolescent athletes, though incidence and prevalence varied widely. . Risk factors for 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.

What is already known?
· LBP is prevalent in the general adolescent population and in adult athletes. It is a notable cause of disability and can stop athletes from participating in sport.
What are the new findings?
· LBP is common among adolescent athletes.
· Incidence and prevalence of LBP varied considerably due to differences in methodology, LBP definition, and data collection. 
· Spondylolysis was the most common reported morphological presentation.
· 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. 
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[bookmark: _Hlk90904257]Figure legends
Figure 1. Flow chart of study selection for the analysis of risk, prevalence, and risk or associated factors for low back pain in adolescent athletes.
Figure 2. Forest (left) and funnel (right) plot of weighted pooled means of studies reporting six-month risk of LBP.
Figure 3. Forest (left) and funnel (right) plot of weighted pooled means of studies reporting 12-month risk of LBP.
Figure 4. Forest (left) and funnel (right) plot of weighted pooled means of studies reporting two-year risk of LBP.
[bookmark: _Hlk90904023][bookmark: _Hlk106973808]Suppl Figure 1. Forest plot (left) and funnel plot (right) of high-quality studies reporting 12-month prevalence.
[bookmark: _Hlk106973816]Suppl Figure 2. Forest plot (left) and funnel plot (right) of high-quality studies reporting three-month prevalence.
[bookmark: _Hlk106973832]Suppl Figure 3. Forest plot (left) and funnel plot (right) of high-quality studies reporting point prevalence.
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