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The United Nation and its partners in Brazil are working to achieve the 80 

Sustainable Development Goals. There are 17 ambitious and interconnected goals 81 

that address the main development challenges faced by people in Brazil and around 82 

the world. The Sustainable Development Goals are a global call to action to end 83 

poverty, protect the environment and climate, and ensure that people everywhere can 84 

enjoy peace and prosperity. 85 

That is why this thesis presents relevant information for the development of the 86 

objective: HEALTH AND WELL-BEING. 87 

Goal 3 aims to ensure healthy lives and promote well-being for all, at all ages. 88 

For this thesis, the target population is adolescents, who through sports participation 89 

seek to enhance physical integrity, considering relevant care for the practice of 90 

physical activity domains. 91 
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“said Don Quixote, “and since you are not experienced in the things of the world, all 255 

things that have some difficulty seem impossible to you; But time will pass, as I have 256 

said again, and I will tell you some of what I have seen down there, which will make 257 

you believe what I have told here, the truth of which” neither admits of reply nor 258 

dispute. 259 

“dijo don Quijote—, y como no estás experimentado en las cosas del mundo, todas 260 

las cosas que tienen algo de dificultad te parecen imposibles; pero andará el tiempo, 261 

como otra vez he dicho, y yo te contaré algunas de las que allá abajo he visto, que te 262 

harán creer las que aquí he contado, cuya verdad ni admite réplica ni disputa.” 263 

Miguel de Cervantes. 264 



  
  

 265 

ABSTRACT 266 

This thesis aimed to explore the association between sports participation and incidence of pain 267 

among adolescents in a 28-week follow-up period, as well as to identify the role of sex, 268 

biological maturation and training volume into this phenomenon. This longitudinal design of 28 269 

weeks followed 95 adolescents, subdivided according to the presence or absence of 270 

participation in sports and the modality practiced, consequently, the groups were: adolescents 271 

from non-impact sports, impact sports, and non-sports groups, following the inclusion criteria. 272 

They reported the occurrence of pain and were tracked weekly by the research team, “the 273 

presence of any pain in the previous 7 days” was self-reported weekly. Anthropometric data 274 

such as height and sitting height were collected to estimate as a marker of somatic maturation 275 

in a mathematical model, and body composition data was also collected through DXA. The 276 

data distribution was analysed using Kolmogorov-Smirnov, and variables were expressed as 277 

mean values, standard deviation (SD), and 95% confidence intervals. The significance level 278 

was set as 5%. The findings indicate that the association between the sport type and pain 279 

occurrence remained significant even after adjusting the models by sex and maturity offset, 280 

swimmers had an increased risk of reporting pain neck, shoulders, and trunk pain, compared 281 

to the impact sport group, mainly caused by the high volume of practice in the modality. Also, 282 

the weekly time spent on sports at vigorous intensity is related to a higher occurrence of pain, 283 

adjusted by lean soft tissue, sport modality, and sedentary behaviour. Thus, this thesis 284 

presents innovative aspects in the development and implementation of a pain surveillance 285 

system related to the adolescent growth and development process, finding that the relationship 286 

between pain continues to have a close relationship with sports participation, even considering 287 

the somatic growth factor adjustment variable.  The volume of training seems to be the most 288 

relevant variable in this phenomenon and there exists a limit to how much they should engage 289 

in sports to preserve their health. In addition, the vigorous intensity at which said activity is 290 

carried out further accentuates the occurrence of pain. 291 

 292 

Key words: Multisite pain, Adolescents health, Sports for youths, Maturity offset, 293 

Musculoskeletal disorder 294 

 295 
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RESUMO 299 

Esta tese teve como objetivo explorar a associação entre participação esportiva e incidência 300 

de dor entre adolescentes em um período de acompanhamento de 28 semanas, bem como 301 

identificar o papel do sexo, maturação biológica e volume de treinamento neste fenômeno. O 302 

delineamento longitudinal de 28 semanas acompanhou 95 adolescentes, subdivididos de 303 

acordo com a presença ou ausência de participação em esportes e a modalidade praticada, 304 

consequentemente, os grupos foram: adolescentes de esportes sem impacto, esportes de 305 

impacto e grupos não esportivos, seguindo os critérios de inclusão. Eles relataram a 306 

ocorrência de dor e foram monitorados semanalmente pela equipe de pesquisa, “a presença 307 

de qualquer dor nos 7 dias anteriores” autorrelatada semanalmente. Dados antropométricos 308 

como altura e altura sentada foram coletados para estimar como um marcador de maturação 309 

somática em um modelo matemático, e dados de composição corporal também foram 310 

coletados por DXA. A distribuição dos dados foi analisada usando Kolmogorov-Smirnov, e as 311 

variáveis foram expressas como valores médios, desvio padrão (DP) e intervalos de confiança 312 

de 95%. O nível de significância foi definido como 5%. Os achados indicam que a associação 313 

entre o tipo de esporte e a ocorrência de dor permaneceu significativa mesmo após o ajuste 314 

dos modelos por sexo e desvio de maturidade, os nadadores apresentaram risco aumentado 315 

de relatar dor no pescoço, ombros e tronco, em comparação ao grupo de esporte de impacto, 316 

causado principalmente pelo alto volume de prática na modalidade. Além disso, o tempo 317 

semanal gasto em esportes de intensidade vigorosa está relacionado a uma maior ocorrência 318 

de dor, ajustado por tecido mole magro, modalidade esportiva e comportamento sedentário. 319 

Assim, esta tese apresenta aspectos inovadores no desenvolvimento e implementação de um 320 

sistema de vigilância da dor relacionado ao processo de crescimento e desenvolvimento do 321 

adolescente, constatando que a relação entre dor continua a ter estreita relação com a 322 

participação esportiva, mesmo considerando a variável de ajuste como fator de crescimento 323 

somático. O volume de treinamento parece ser a variável mais relevante neste fenômeno e 324 

existe um limite para o quanto eles devem se envolver em esportes para preservar sua saúde. 325 

Além disso, a intensidade vigorosa em que tal atividade é realizada acentua ainda mais a 326 

ocorrência de dor. 327 

 328 

Palavras-chave: Dor multissítio, Saúde do adolescente, Esportes para jovens, Deslocamento 329 

de maturidade, Distúrbio musculoesquelético. 330 

 331 
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1 INTRODUCTION 450 

 451 

Musculoskeletal pain (hereafter referred to as pain) is defined as an unpleasant 452 

sensory and emotional experience associated with actual or potential tissue damage 453 

or described in terms of such damage. This condition is not selective and affects even 454 

pediatric populations, with a point prevalence ranging from 4% to 60% (Brattberg, 455 

2004; Rathleff et al., 2013). Due to this prevalence, figures show that among adults 456 

chronic unrelieved pain became a worldwide economic concern, costing an estimated 457 

US$560-635 billion in 2010 (Smith & Hillner, 2019). 458 

The International Olympic Committee recently emphasised the importance of 459 

seeking strategies to maintain the integrity of health in young athletes, which is why 460 

surveillance and treatment systems for pain and sports injuries are being increasingly 461 

valued (Hainline et al., 2017). Engagement in programs of physical exercise has been 462 

suggested as a strategy for prevention of pain (Hainline et al., 2017). However, this 463 

assumption seems paradoxical because sports participation in adolescence (the main 464 

manifestation of physical exercise among adolescents) increases the chances of some 465 

type of symptoms or discomfort. Guddal et al., 2019 discovered that 62% of 466 

adolescents reported experiencing pain after sports practice. This raises concerns 467 

about the high rates of pain reported by children and adolescents. Additionally, the role 468 

of sports participation in this phenomenon is unclear. 469 

The adolescence is a critical period due to the constant structural and 470 

physiological changes that can affect sports participation. In fact, during adolescence, 471 

biological and chronological age can significantly differ from each other (Dunn et al., 472 

2011). In the sports participation context, these heterogeneities are usually not 473 

accounted for (especially among children), leading to poorly optimised training loads, 474 

and increasing the risk of injuries and pain. In addition, each sport modality elicits 475 

different responses according to its biomechanical needs, goals, physical load, and 476 

even the environment where it is performed (water or land) (Lehman & Carl, 2017; 477 

Maillane-Vanegas et al., 2022). In an example of these particularities attributed to the 478 

engagement in different sports, Malmborg et al., 2022 showed that students who 479 

participated in non-contact sports (athletics, swimming, squash, badminton, tennis, 480 

figure skating, artistic gymnastics, and diving) were more likely to report frequent pain. 481 



  
  

The discussion surrounding the relationship between sports participation and 482 

pain is a controversial issue, especially because the engagement in sports is more 483 

complex than just “be engaged in”. Other aspects of sports participation (e.g. volume 484 

of engagement, intensity, etc.) should be considered to understand in depth how this 485 

relevant behaviour might be linked to pain in adolescents (Guddal et al., 2019; Kujala 486 

et al., 1999). Therefore, models assessing the interaction between sports participation 487 

and pain among adolescents should consider the role of those potential confounders 488 

(e.g. biological age, parameters of sport participation [e.g. frequency, intensity]). The 489 

complex interaction between human growth, sports participation and pain are rarely 490 

mentioned in the literature, particularly considering that most studies are focused on 491 

adult high-performance athletes (Malmborg et al., 2022). According to a recent 492 

systematic review on the relationship between maturation, growth, and 493 

musculoskeletal conditions, the findings remain inconclusive due to high risks of bias, 494 

highlighting the need for further research(Swain et al., 2018). 495 

Moreover, the role of sex into this phenomenon is not entirely clear. Previous 496 

studies conducted in Canada and Europe have suggested that girls have higher risk 497 

of pain than boys (Perquin et al., 2000; Stanford et al., 2008). However, how this sex-498 

difference would interact with biological maturation and the above-mentioned 499 

parameters of sports participation is not mentioned on it. Moreover, even the 500 

prevalence of pain among boys and girls is not clear in developing settings, making 501 

hard to predict if the associations would be the same observed in developed nations 502 

where options of sports are substantially different. 503 

Therefore, considering sports participation as a characteristic of daily life in 504 

children and adolescents around the world, its interaction with pain in the first two 505 

decades of life became a relevant health issue over the last decades. In this sense, 506 

the content of this thesis is of great value not only to coaches but also to health 507 

professionals and parents, involved in adolescents’ physical integrity. An accurate 508 

understanding of the relationship between pain and sports participation during growth 509 

will allow us to create strategies to improve the benefits of sports participation. 510 

Therefore, considering the background above described, we have suggested 511 

the following hypothesis for this doctoral thesis: 512 



  
  

● The prevalence of pain would be higher among adolescents engaged in 513 

organised sports than in those adolescents only engage in regular 514 

physical education classes; 515 

● The incidence of pain over our follow-up period would be affected by 516 

parameters of sports participation (e.g. intensity, volume, the 517 

environment where the sport is performed); 518 

● Girls would report more pain than boys over our follow-up period; 519 

● The role of biological maturation would be not relevant in the dynamics 520 

behind the association between sports participation and pain; 521 

 522 

2 THESIS OBJECTIVES 523 

 524 

2.1 General objective 525 

 526 

● To explore the association between sports participation and incidence of pain 527 

among adolescents in a 28-week follow-up period, as well as to identify the role 528 

of potential variables into this phenomenon. 529 

 530 

2.2 Specific objectives 531 

 532 

● Chapter 04 (Manuscript 1): To identify the impact of different sports in the 533 

incidence of pain among adolescents in a 28-week follow-up study. 534 

 535 

● Chapter 05 (Manuscript 2): To compare the incidence of pain between 536 

adolescents engaged and not engaged in sports participation and also explore 537 

the role of sex, biological maturation and parameters of sports participation into 538 

this association. 539 

 540 



  
  

 541 

3 METHODS 542 

 543 

3.1 ABCD-Growth Study Design 544 

For the development of this thesis, a longitudinal study was carried out, which 545 

is part of a wider research project called “Analysis of Behavior of Children During 546 

Growth-ABCD-Growth Study”. The ABCD-Growth Study is a longitudinal follow-up in 547 

which the impact of sports participation on different health outcomes among 548 

adolescents is monitored. The Ethical Board of the Sao Paulo State University - 549 

UNESP, campus of Presidente Prudente, has approved the research project. The 550 

project received the approval number: 1.677.938/2016.  551 

The parents / legal guardians completed a written consent form to participate in 552 

the study. The adolescents were required to complete a form ratifying their desire to 553 

participate. All adolescents participated in the study voluntarily and were provided with 554 

comprehensive information about the study's objectives, all procedures, and eventual 555 

risks. They were also informed that they could withdraw from the study at any time. 556 

The ABCD Growth study’s inclusion criteria considered whether the adolescent 557 

was engaged in sports. 558 

For those adolescents engaged in sports:  559 

i) Previous engagement of at least 12 months in the current sport; 560 

ii) Absence of clinical or metabolic disorders (previously diagnosed); 561 

iii) No regular use of medications that may affect the development and 562 

growth of the adolescent; 563 

iv) Aged from 11 to 17 years; 564 

v) To bring back the written consent form signed by the parent/legal 565 

guardian. 566 

 567 

For the control group, (adolescents not engaged in sports), the following inclusion 568 

criteria were applied:  569 

i) No regular engagement in any organized sport / program of physical 570 

exercise over the last 12 months; 571 



  
  

ii) Absence of clinical or metabolic disorders (previously diagnosed); 572 

iii) No regular use of medications that may affect the development and growth 573 

of the adolescent; 574 

iv) Aged from 11 to 17 years; 575 

v) To bring back the written consent form signed by the parent/legal guardian.  576 

 577 

For all adolescents who declared to fulfil the inclusion criteria, their parents 578 

and/or guardians received the written consent forms. After providing consent, 579 

participants were contacted by phone and invited to visit the University facilities to be 580 

measured and interviewed by the researchers. 581 

In brief, the ABCD Growth Study was approved by members of the Municipal 582 

Department of Sports and Municipal Department of Education. However, due to the 583 

COVID-19 pandemic, all data collection was interrupted from 2020 to 2022 by the 584 

determination of both the Government of the State of Sao Paulo and the Brazilian 585 

Health Authorities, resulting in the loss of the tracked adolescents. In 2022, 95 586 

adolescents were tracked for 28 weeks to test the necessary changes in the ABCD – 587 

Growth Study in a post-pandemic scenario, targeting to resume the fieldwork of the 588 

ABCD Growth Study in 2023 (Figure 1 - Flowchart). 589 

 590 

Figure 1. A flowchart about the sample utilized in each manuscript. 591 

Note: From the author 592 

 593 



  
  

3.2 Sample size estimation 594 

Our sample was for selected by convenience. After receiving approval from the 595 

local authorities, researchers contacted coaches (sports clubs) and principals 596 

(schools) to describe the aims of the research and inclusion criteria. Researchers 597 

contacted 11 schools and sports clubs in the city's metropolitan area and 95 598 

adolescents were tracked for 28 weeks in 2022. Our sample size calculation 599 

considered a prevalence of pain of 30.3% and 57.6% among adolescents not engaged 600 

and engaged in sports, respectively (Maillane-Vanegas et al., 2022), while the 601 

statistical power was 80%, Z=1.96 and we expected 30% of loss to follow-up. The final 602 

sample size was set at a minimum of 62 participants completing the follow-up 603 

assessment.  604 

 605 

3.3 Experimental design 606 

 607 

In a normal routine, this is the way by which the adolescent is registered, enters 608 

the ABCD – Growth Study database and the follow-up period is initiated (Figure 2): 609 

 610 

Figure 2. The process to start the follow-up period 611 

Note: From the author 612 

 613 



  
  

3.4 Study Variables 614 

3.4.1 Sports Participation 615 

 616 

Participants were categorized into two groups considering the presence (or not) 617 

of sports participation: the “sports group” and “control group'' (for Manuscript-2). In the 618 

second moment, those adolescents engaged in sports were divided into “Swimming” 619 

and “impact sports” (track & field, basketball, judo and soccer) (for Manuscript-1). For 620 

both sport groups, beyond the previous 12 months of engagement in the current sport, 621 

it was mandatory the participation in championships (at least state level) to 622 

characterize organized sports participation. Details about sports participation at 623 

baseline, were assessed in a face-to-face interview, where the adolescents engaged 624 

in sports were asked to answer the following questions:  625 

• “How long have you been practicing this sport"? (Years and months) 626 

• “How many days a week?” (days/week) 627 

• "How long a day do you train?" (minutes/day) 628 

The multiplication between days a week by time per day of training allowed 629 

calculate the weekly training volume. 630 

 631 

3.4.2 Resistance training engagement   632 

 633 

Engagement in resistance training was assessed through a dichotomic question 634 

(yes/no) by a face-to-face interview conducted by the researchers at baseline 635 

measurement: “Do you practice resistance training?”. If the answer was affirmative, 636 

the adolescent was asked "How long have you been practicing resistance training?" 637 

and “How many days a week?”. 638 

 639 

 640 

 641 

 642 



  
  

3.4.3 Sports participation intensity and habitual physical activity 643 

 644 

For our a priori analyses during one whole week, researchers directly measured 645 

the sedentary behaviour as a physical behaviour and the time (training volume) spent 646 

in different intensities (light [60%-70% of HRmax], moderate [70%-80% of HRmax] and 647 

vigorous [80%-90% of HRmax]) during sports participation using a heart rate monitor 648 

(sensor attached to the chest at the height of the heart position [Polar H7 model]; 649 

POLAR software, Polar Team, Kempele, Finland) (Figure 3). 650 

 651 

 652 

Figure 3. An example of an accelerometer model was utilized in the study. 653 

Note: from the author. 654 

 655 

Moreover, all adolescents took the watch for seven consecutive days to 656 

measure the physical activity outside sports participation (sedentary behaviour, light, 657 

moderate and vigorous). 658 

 659 

3.4.4 Anthropometry and Body composition 660 

 661 

Sex (boy/girl), anthropometric measures (body weight, height, and sitting 662 

height), and body composition (lean soft tissue and body fatness) were used as 663 

covariates. Body weight was measured using an electronic scale (Filizzola PL 150, 664 

model Filizzola Ltda, Brazil). In contrast, height and sitting height were measured using 665 

a wall-mounted stadiometer (Sanny, model American Medical of the Brazil Ltda, 666 

Brazil). 667 

 668 



  
  

3.4.5 Biological Maturation  669 

 670 

The peak of height velocity (PHV) was estimated as a marker of somatic 671 

maturation, using mathematical models based on anthropometric measures to 672 

calculate the time (in years) remaining (negative values) or past (positive) to PHV, 673 

which is an important biological event that follows the human maturation process. The 674 

PHV was subtracted from the chronological age, giving the age of peak height velocity 675 

(APHV), (Table 4) predicted by Moore et al. somatic maturation (Moore et al., 2015).  676 

 677 

Table 1. Mathematical formulas predicted by Moore et al. 2015 to calculate somatic 678 
maturation. 679 

Sex  

Boys -7.999994 + [0.0036124 x (Age x Stature)] 

R2= 0.896; SEE = 0.542 

Girls -7.709133 + [0.0036124 x (Age x Stature)] 

R2= 0.898; SEE = 0.548 

SEE= standard error of the estimate 680 

 681 

3.4.6 PAIN  682 

 683 

Adolescents were tracked weekly by the research team, reporting the 684 

occurrence of pain. The questionnaire used to assess pain was an adaptation of the 685 

Nordic Questionnaire (Kuorinka et al., 1987; Legault et al., 2014). The use of this type 686 

of screening tool is often used in the development and assessment of prevention 687 

strategies for work-related pain and symptoms. Regarding pain, the questionnaire has 688 

previously been used to satisfactorily identify a high prevalence of symptoms in most 689 

investigated body parts in a young Brazilian athlete population. The questionnaire is 690 

similar to those used in work safety and ergonomics, it could also be useful for school 691 

physical activity programs or individual and team sports (Bleyer et al., 2015). 692 

 Researchers contacted adolescents and coach staff weekly to avoid recall bias, 693 

considering the positive report of pain throughout the week (Bahr, 2009). Adolescents 694 



  
  

received access to an online form, which should be completed throughout the week 695 

(the research team and coach staff worked closely to keep the reports updated).  696 

For each body region (neck, shoulder, upper back, elbows, wrists/hands, lower 697 

back, hip/thigh, knees, and ankles/feet) (Figure 7), there are three yes/no questions: 698 

(i) the presence of any pain in the previous 7 days, (ii) impairment in daily activities 699 

over the previous 7 days due to pain, and (iii) consulting a health professional because 700 

of pain. The validation study presented satisfactory Kappa index values, ranging from 701 

0.63 to 1.00 (de Barros & Alexandre, 2003). 702 

 703 

 704 

Figure 4. The scheme of the body subdivided into regions 705 

Note: From the author 706 

 707 

3.5 Statistical Analyses 708 

 709 

Initially for the descriptive exploration, the data distribution was analyzed using 710 

Kolmogorov-Smirnov test and variables expressed as mean values, standard deviation 711 

(SD) and 95% confidence intervals. All statistical analyses were performed using the 712 

SPSS IBM statistics software (version 29.0, Chicago, IL, USA). The statistical 713 



  
  

significance was set at 5%. Below is presented the statistical analyses carried out in 714 

each manuscript of the thesis.  715 

 716 

3.5.1 Statistical analyses - Manuscript 1: 717 

 718 

The student’s t-test (continuous data) and chi-square (categorical data) were 719 

used to compare means and assess associations' existence between the “swimming 720 

group” and “impact sports'' respectively. The magnitude of the correlation (Pain and 721 

sports participation) was expressed as r and its 95% confidence intervals (95%CIs) 722 

using Linear Regression, adjusted by sex, age, PHV, training volume, vigorous 723 

physical activity, and resistance training. The prevalence and occurrence were 724 

calculated with 95% CIs. Kaplan-Meier plots and risk of pain through 28 weeks were 725 

calculated for the absence of pain during the 28-week follow-up. Analyses were carried 726 

out on the statistical software SPSS(version 29.0), and the significance level was set 727 

as 5%. 728 

 729 

3.5.2 Statistical analyses - Manuscript 2: 730 

 731 

Measures of central tendency, dispersion, and frequency were used as 732 

descriptive statistics. The student’s t-test (continuous data) and chi-square (categorical 733 

data) were used to compare means and assess associations' existence between the 734 

“sports group” and “control group'' respectively. Bivariate correlation was used to 735 

observe the relationship between sedentary behavior, intensity of physical activity 736 

(moderate, vigorous), and total time week training time with the appearance of pain in 737 

each segment, expressed as r and its 95% confidence interval. Correlations were 738 

adopted as measures of effect-size and graded as small effect-size <= 0.10, medium 739 

effect-size >0.10 to <= 0.49 and large effect-size >= 0.50 to <= 0.70 and very large 740 

effect-size >0.70 (MAHER et al. 2013). Subsequently, the associations (Pain and 741 

sports participation) were expressed as β and its 95% confidence intervals (95%CIs) 742 

using Linear Regression, adjusted by sex, somatic maturation, lean soft tissue, sports 743 

modality, and sedentary behaviour. The occurrence was calculated with 95% CIs. 744 

Kaplan-Meier plots and risk of pain through 28 weeks were calculated for the absence 745 



  
  

of pain during the 28-week follow-up. Analyses were carried out on the statistical 746 

software SPSS (version 29.0), and the significance level was set as 5%. 747 

 748 

 749 

4 RESULTS  750 

 751 

 In this section, the findings and discussion of the Thesis will be presented in two 752 

segments: 753 

The first manuscript entitled “Musculoskeletal pain in adolescents involved in 754 

impact and non-impact sports - ABCD Growth Study”, was accepted for publication in 755 

the journal Pediatric Exercise Science on 07/31/2024. 756 

The second manuscript will be presented in full, Summary, Introduction, 757 

Methods, Results and Discussion. This second manuscript was never submitted in any 758 

Journal, and will not be submitted before the presentation of this thesis.   759 

 760 

 761 

 762 

 763 

 764 

 765 

 766 

 767 

 768 

 769 

 770 

 771 



  
  

 772 

4.1 Manuscript 1: 773 

Original article 774 

 775 

MUSCULOSKELETAL PAIN IN ADOLESCENTS ENGAGED IN IMPACT AND NON-776 

IMPACT SPORTS - ABCD GROWTH STUDY 777 

Running title: Musculoskeletal Pain in Adolescents 778 

Purpose: This study aimed to identify, through a 28-week follow-up, the association 779 

between pain and engagement in different sports among adolescents. Methods: In 780 

total, 63 adolescents reported the occurrence of pain, which was tracked weekly. 781 

Participants were categorised into two groups based on their sports participation: 782 

“swimming group” and “impact sports group''. Researchers directly measured the time 783 

spent in different intensities during sports participation for one week using a heart rate 784 

monitor. For the covariates, body mass, body fatness, and whole body lean soft tissue 785 

were assessed using a dual-energy x-ray absorptiometry (DXA) scanner. Kaplan-786 

Meier plots and risk of pain were calculated for the absence of pain during the follow-787 

up. Results: The association between the sport type and pain occurrence remained 788 

significant even after adjusting the models for potential confounders, showing that 789 

swimmers had an increased risk of reporting pain in the neck (HR= 3.33 [95%CI: 1.53 790 

to 7.25]), shoulders (HR= 2.21 [95%CI: 1.17 to 4.21]), and trunk (HR= 5.60 [95%CI: 791 

2.28 to 13.70]). Conclusion: The association between the sport type and pain 792 

occurrence is evident even when controlling for confounding factors. 793 

Key words: Pain, Adolescents, Sports, Growth, Musculoskeletal disorder 794 

Introduction 795 



  
  

Musculoskeletal pain (hereafter referred to as pain) is defined as "an unpleasant 796 

sensory and emotional experience associated with actual or potential tissue damage 797 

or described in terms of such damage," which does not have to be related to apparent 798 

tissue damage (24). The International Olympic Committee recently emphasised the 799 

importance of assessing pain and injuries in athletes (10). Pain is not a selective 800 

condition, and it also affects paediatric populations, with a reported prevalence of 801 

current pain ranging from 4% to 60% (25), including multi-site pain manifestation (12), 802 

with an increased risk of continuing to feel pain later in life, which is cause for concern 803 

(3,7). 804 

The growth spurt in adolescence is critical period due to the constant structural 805 

and physiological alterations, that can affect sports participation. In fact, the peak 806 

height velocity (PHV) and timing of maturity differ significantly in adolescents of the 807 

same chronological age (8). In youth sports, these differences are often not 808 

considered, resulting in suboptimal training and an increased risk of injuries and pain. 809 

In addition, each sport elicits different responses according to its biomechanical 810 

aspects, physical load, and even the environment where it is performed (water or land) 811 

(16). As an example of this, Malborg et al. (2022) described that adolescent engaged 812 

in non-contact sports (athletics, swimming, squash, badminton, tennis, figure skating, 813 

artistic gymnastics, and diving) were more likely to report frequent pain (17). 814 

Previous studies have investigated the perception of pain and biological maturity 815 

in adolescents who are active in sports. In their review, Swain et al. (2018) showed 816 

that the relationship between maturation, growth, and musculoskeletal conditions 817 

remains inconclusive, and the available evidence is still insufficient to make inferences 818 

about a clear association (28). The current knowledge presents a high risk of bias (no 819 

articles in the literature have adequately addressed all bias domains) (28), which 820 



  
  

impedes our ability to establish whether biological maturity and growth are independent 821 

risk factors for musculoskeletal conditions (28). In addition, there is limited longitudinal 822 

evidence on these conditions, considering variables that directly influence the 823 

occurrence of pain. 824 

The pain surveillance system in adolescence is an important component in 825 

detecting and preventing musculoskeletal disorders or complaints and their costly 826 

consequences (14,15). However, pain conditions in youth sports, associated with 827 

somatic maturity and types of sport, are rarely mentioned in the literature, particularly 828 

considering that most studies are focused on adult high-performance athletes (18). 829 

Within a paediatric context, the literature already shows how pain in adolescence can 830 

predict pain conditions in young adulthood, and early identification is extremely 831 

important to prevent pain from becoming persistent (3,7,15). Considering this, there is 832 

a need to recognise risk factors for pain in adolescent athletes, regardless of the cause. 833 

In light of this, the current work aimed to identify, in a 28-week follow-up study, 834 

the association between pain and engagement in different sports among adolescents. 835 

Material and Methods 836 

Sample 837 

This longitudinal study is part of the ongoing research entitled “Analysis of 838 

Behaviors of Children During Growth – ABCD Growth Study”, carried out in the city of 839 

(deleted for double-blind review) (~200,000 inhabitants, located in the western part of 840 

the (deleted for double-blind review), with a Human Development Index of 0.807). The 841 

Ethical Committee Board of the (blinded) University approved the ethical aspects of 842 

the ABCD Growth Study. All information obtained from the adolescents is confidential 843 



  
  

and for strict research use. The adolescent, caregiver, and sport trainers were 844 

immediately informed if any anomaly was detected. 845 

In the ABCD Growth Study, the inclusion criteria were: i) aged between 11 and 846 

17, (ii) no clinical or metabolic disorders (previously diagnosed) that may interfere with 847 

the practice of habitual physical activity, (iii) no regular medicine use, and (iv) a 848 

minimum of 12 months of participation in sports (for all sports clubs). For all 849 

adolescents who self-declared fulfilling the inclusion criteria, their parents and/or 850 

guardians received the written consent forms. After providing consent, participants 851 

were contacted by phone and invited to visit the University facilities to be measured 852 

and interviewed by the researchers.  853 

The ABCD Growth Study has been conducted since 2017, and details about its 854 

sampling process are described elsewhere (6,29). In brief, the ABCD Growth Study 855 

was approved by members of the Municipal Department of Sports and the Municipal 856 

Department of Education. After receiving approval from the local authorities, 857 

researchers contacted coaches (sports clubs) and principals (schools) to describe the 858 

aims of the research and inclusion criteria. Researchers contacted 11 schools and 859 

sports clubs in the city's metropolitan area, and 285 adolescents started the follow-up. 860 

However, due to the COVID-19 pandemic, all data collection was interrupted from 2020 861 

to 2022 by the determination of both the State of Sao Paulo and Brazilian Health 862 

Authorities, resulting in the loss of the tracked adolescents. In 2022, 63 adolescents 863 

were tracked for 28 weeks to test the necessary changes in a post-pandemic scenario, 864 

targeting the resumption of the ABCD Growth Study in 2023. Thus, the study sample 865 

comprised 63 adolescents tracked during 28 weeks in 2022. 866 

Dependent variable: Pain 867 



  
  

Adolescents reported the occurrence of pain and were tracked weekly by the 868 

research team. An adaptation of the Nordic Questionnaire was used to assess pain 869 

(Kuorinka et al. 1987, 1990) (14,20,30). Researchers contacted adolescents and 870 

coaching staff weekly to avoid recall bias, considering a positive pain report during the 871 

previous week (1). The adolescents were given access to an online form, which they 872 

were asked to complete throughout the week (the research team and coaching staff 873 

worked closely together to keep the reports updated). Before the study, the 874 

researchers contacted parents/legal guardians and adolescents to provide instructions 875 

about the correct way to complete the questionnaire and answer any questions about 876 

the procedures. It was emphasised that the questionnaire should reflect only the 877 

teenager's perception. Coaches knew that the questionnaires were being completed 878 

but did not interfere in the process. Access to the data reported in the online 879 

questionnaire was restricted to the research team, the adolescents, and their 880 

parents/legal guardians. 881 

The questionnaire presents a scheme of the body subdivided into regions (neck, 882 

shoulder, upper back, elbows, wrists/hands, lower back, hip/thigh, knees, and 883 

ankles/feet) (supplement 1). For each body region, there are three yes/no questions 884 

relating to (i) the presence of any pain in the previous 7 days, (ii) impairment in daily 885 

activities over the previous 7 days due to pain, and (iii) consulting a health professional 886 

in the previous 7 days because of pain. The validation study presented satisfactory 887 

Kappa index values, ranging from 0.63 to 1.00 (2). 888 

In the current study, “the presence of any pain in the previous 7 days” was self-889 

reported weekly (every Friday), and the occurrence and incidence of the outcomes 890 

were considered.  891 



  
  

Independent variable: Sports participation 892 

Participants were categorised into two groups considering the presence (or not) 893 

of physical impact in the sports practice: the “swimming group” (n= 18 adolescents) 894 

and the “impact sports group'' (n= 45 adolescents [basketball, gymnastics, track & field, 895 

and judo]). At baseline, the participants reported the previous time of engagement in 896 

the sport (months), the weekly frequency of training (days/week), and resistance 897 

training (days/week). Furthermore, during follow-up (28 weeks), 1 week was assigned 898 

a priori for researchers to directly measure the time (training volume) spent in different 899 

intensities (light, moderate, and vigorous) during sports participation using a heart rate 900 

monitor (sensor attached to the chest at the height of the heart [Polar H7 model]; 901 

POLAR software, Polar Team, Kempele, Finland). 902 

Covariates 903 

The adolescents were scheduled to visit the university facilities for various 904 

assessments (DXA, anthropometric data, and face-to-face interviews), which lasted 905 

approximately 30 minutes per adolescent. Sex (boy/girl), anthropometric measures 906 

(body weight, height, and sitting height), and body composition (lean soft tissue and 907 

body fatness) were used as covariates. Body weight was measured using an electronic 908 

scale (Filizzola PL 150, model Filizzola Ltda, Brazil) and height and sitting height using 909 

a wall-mounted stadiometer (Sanny, model American Medical of the Brazil Ltda, 910 

Brazil). Peak height velocity (PHV) was estimated as a marker of somatic maturation, 911 

using mathematical models based on anthropometric measures to calculate the time 912 

(in years) remaining (negative values) or past (positive) to PHV, which is an important 913 

biological event that follows the human maturation process: Years from age of PHV for 914 

males = -7.999994 + [0.0036124 x (Age x Stature)] and Years from age of PHV for 915 

females = -7.709133 + [0.0036124 x (Age x Stature)] (19). Body mass (kg), body 916 



  
  

fatness (%), and whole body lean soft tissue were assessed using a dual-energy x-ray 917 

absorptiometry (DXA) scanner (Lunar DPX-NT; General Electric Healthcare, Little 918 

Chalfont, Buckinghamshire, UK) with GE Medical System Lunar software (version 4.7). 919 

DXA measurements were performed in the morning after a light breakfast, and the 920 

scanner quality was tested by a trained researcher before each measurement day, 921 

following the manufacturer's recommendations. Covariates were measured only once 922 

at the beginning of follow-up. 923 

Statistical Analysis 924 

Measures of central tendency, dispersion, and frequency were used as 925 

descriptive statistics. The student’s t-test (continuous data) and chi-square test 926 

(categorical data) were used to compare means and assess the existence of 927 

associations between the “swimming group” and “impact sports group'' respectively. 928 

The magnitude of the associations (pain and sports participation) was expressed as r, 929 

with 95% confidence intervals (95%CIs), using Linear Regression, adjusted by sex, 930 

age, PHV, training volume, vigorous physical activity, and resistance training. The 931 

prevalence and occurrence were calculated with 95% CIs. Kaplan-Meier plots were 932 

used to calculate the absence of pain during the 28-week follow-up. Analyses were 933 

carried out on the statistical software STATA (version 19.0), and the significance level 934 

was set as 5%. 935 

Results 936 

A total of 63 adolescents (27 girls and 36 boys) actively participated in the 28-937 

week weekly follow-up. Considering adolescents engaged in swimming and impact 938 

sports, there were similarities in age, maturation, body composition, and resistance 939 

training engagement. Most sports participation parameters were higher among 940 

swimmers (Table 1). 941 



  
  

Overall, there were 1277 reports of pain over the follow-up period. The number 942 

of pain events per week was higher among swimmers in the neck (p-value= 0.029), 943 

shoulder (p-value= 0.010), and trunk (p-value= 0.036), compared with the other sports 944 

modalities. 945 

Training volume was positively related to higher self-reported pain throughout 946 

the 28 weeks in the neck (r= 0.454) and trunk (r= 0.500), while vigorous physical 947 

activity was negatively related to less self-reported pain during the follow-up in the 948 

shoulders (r= 0.373) but positively in the ankles/feet (r= 0.351). Finally, resistance 949 

training was positively related to higher self-reported pain in the ankles/feet (r= 0.461) 950 

(Table 2). 951 

During the follow-up, 50% of athletes recorded at least one episode of pain 952 

during the 28 weeks, more highly represented by hips (65.1% [95%CI: 53.3 to 76.8]), 953 

ankles/foot (63.4% [95%CI: 51.6 to 75.3]), and shoulders (63.4% [95%CI: 51.6 to 954 

75.3]), while the neck (41.2% [95%CI: 29.1 to 53.43]), trunk (33.3% [95%CI: 21.6 to 955 

44.9]), elbows (33.3% [95%CI: 21.6 to 44.9]), and wrists/hands (22.2% [95%CI: 11.9 956 

to 32.4]) were affected in between 22% and 41% of the adolescents (Figure 1, Panel 957 

A). The type of sport practiced affected the occurrence of pain in the neck, shoulders, 958 

and trunk (Figure 1, Panel B). These values are presented in Figure 1. 959 

The association between the sport type and pain occurrence remained 960 

significant even after adjusting the models for potential confounders (sex and maturity 961 

offset) (Figure 2, Panels A, B, and C). Swimmers had an increased risk of reporting 962 

pain in the neck (HR= 3.33 [95%CI: 1.53 to 7.25]) (Figure 2, Panel A), shoulders (HR= 963 

2.21 [95%CI: 1.17 to 4.21]) (Figure 2, Panel B), and trunk (HR= 5.60 [95%CI: 2.28 to 964 

13.70]) (Figure 2, Panel C) compared to adolescents engaged in other sports. These 965 

values are shown in Figure 2. 966 



  
  

 967 

 968 

 969 

Discussion 970 

The current study aimed to identify the occurrence of pain and its association 971 

with sports participation in adolescents. Emphasis is consistently placed on the role of 972 

sport in enhancing health in paediatric groups (which is widely recognised). However, 973 

less attention has been given to potential side effects of sports participation, such as 974 

pain. Our study found that all adolescents experienced at least one pain episode during 975 

the 28-week follow-up. 976 

Regarding our sample, adolescents commonly experienced lower back, hip, 977 

ankle/foot, and shoulder pain. Similar information is found in the literature. A survey of 978 

7596 Norwegian adolescents identified neck and shoulder pain as the most prevalent 979 

pain symptom (17%)(9). Another survey conducted with Swedish adolescent athletes 980 

reported the knee (27%) and lower legs/feet (17%) as the most common body regions 981 

to receive pain reports at baseline. This pattern changed during the follow-up period 982 

(lower back 21% and knees 18%) (17). Another survey in Brazil identified that 58% of 983 

all adolescents reported pain in the week before the interview, with reports of pain in 984 

the lower limbs being higher among adolescents engaged in martial arts, such as judo, 985 

karate, and kung-fu (16). In the current study, pain in the lower limbs was similar among 986 

swimmers and adolescents engaged in other sports, although this similarity may result 987 

from only considering one martial art, with few adolescents engaging in judo (n=14). 988 



  
  

The background described above ratifies that pain is an outcome commonly diagnosed 989 

in adolescents, especially those regularly engaged in sports. 990 

We found that factors related to sports participation, such as vigorous physical 991 

activity and training volume, can influence pain. Like sports injuries, pain is often linked 992 

to stressed tissue. Although there were variations in the methodologies used, our 993 

results align with the current literature. Rathleff et al., in a cross-sectional study, found 994 

that one in five of 2953 adolescents reported pain (25), mainly those with a high level 995 

of sports participation, while Malmborg et al., in a cross-sectional survey of sports 996 

school students, reported that at least one in three students experienced an episode 997 

of pain during the week before the interview (18). 998 

Despite all compelling evidence linking sports participation to benefits for 999 

paediatric health, there is a close relationship between sports participation and the 1000 

appearance of pain symptoms (11). The impact of sports participation on pain seems 1001 

stronger when the training volume is high. The definition of “excessive sports 1002 

participation” among adolescents seems controversial, but recommendations hint at a 1003 

maximum of 16 hours per week (22). In our study, swimmers spent time in practice 1004 

close to this limit (mean 13.9 h/week [95%CI: 12.5 to 15.4]), while the other sports 1005 

group reported around 7.3 h/week (95%CI: 6.3 to 8.3), without considering the 1006 

intensity. Similarly, leisure-time physical activity was positively related to pain in 1007 

adolescents, while the co-occurrence of different areas of pain was more common in 1008 

subjects participating in sports (13). In terms of how sports participation interacts with 1009 

pain, another relevant aspect to be considered beyond the time of engagement in 1010 

sports is the right moment to start sports participation. Parents and coaches usually 1011 

attribute greater athletic performance to early initiation in sports (which is not entirely 1012 

true), but the exact amount of training necessary to achieve athletic success and an 1013 



  
  

eventual threshold to avoid injuries remain unknown among paediatric groups (4,23). 1014 

Moreover, most recommendations about sports initiation / specialization only consider 1015 

chronological age, while biological maturation (biological age) receives less attention 1016 

(4,22,23). 1017 

The higher occurrence of upper body pain among swimmers seems more due 1018 

to the duration of exposure rather than biomechanical aspects or environmental 1019 

factors. Unlike the other modalities, swimming combines large training loads, high 1020 

technical requirements, and demands on strength to overcome an external load, 1021 

mainly in the upper limbs, leading to joint and muscular overloads and increasing the 1022 

risk of injury. In a similar study, Capaci et al. (2002) highlighted that swimmers 1023 

experiencing musculoskeletal pain reported swimming significantly more hours per 1024 

week than those without pain (8.86 ± 1.25 vs 8.00 ± 1.06 h/week) (5). Ristolainen et 1025 

al. (2014) also found a positive relationship, reporting that the mean number of 1026 

kilometres swam was significantly higher in injured swimmers than non-injured 1027 

swimmers (1612 km/year vs. 1380 km/year) (26). 1028 

There were no relevant differences in the association between sex and sports 1029 

participation. This may be due to the low participation of girls in our study. However, it 1030 

is important to mention that the literature presents evidence that the female sex is a 1031 

determinant in the presence of pain. Based on findings from a Canadian sample, 1032 

Stanford et al. (2008) reported that girls tend to have more pain complaints than boys 1033 

at all ages (27). Similarly, Perquin et al. (2000) show how 27% of Dutch adolescents 1034 

reported multi-site pain, with females presenting prevalence twice as high as males 1035 

(21). 1036 



  
  

Our study has limitations. First, due to the challenges related to the monitoring 1037 

of sports teams, randomisation is not a reality in this approach. Thus, there are 1038 

disparities related to sex and sports distribution. Second, pain is a sign that can be 1039 

overestimated or underestimated according to the perception of each adolescent, 1040 

which could also influence the results. Finally, the training parameters were measured 1041 

through a cross-sectional approach at baseline, while pain was measured 1042 

longitudinally. Thus, monitoring training parameters using a longitudinal approach is 1043 

highly recommended to identify any cause-effect relationship between the variables. 1044 

Conclusions 1045 

In summary, adolescent swimmers reported more pain than adolescents 1046 

engaged in other sports, and the training volume was the most relevant variable in this 1047 

phenomenon. Although sports participation is widely recommended for adolescents in 1048 

modern society, it is important to promote diversification in sports participation and 1049 

raise awareness about imposing a limit to how much adolescents should engage in 1050 

sports to preserve their health integrity. The current study supports the idea that to 1051 

prevent pain, coaches and parents should be careful to avoid excessive sports 1052 

participation among adolescents (21). 1053 
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Table 1. General characteristics of the sample according to engagement in sports (ABCD – 1081 

Growth Study; n = 63). 1082 

 Swimming 

(n= 18) 

Other sports 

(n= 45) 

 

p-value 

Independent variables Mean (95%CI) Mean (95%CI)  

General characteristics    

Boys / Girls 9 / 9 27 / 18 --- 

Age (years) 15.1 (14.3 to 18.8) 14.7 (14.0 to 15.4) 0.536 

PHV (years) 2.1 (1.5 to 2.7) 1.6 (1.1 to 2.2) 0.290 

Body mass(kg) 63.8 (57.2 to 70.5) 65.0 (59.1 to 70.9) 0.827 

Height (cm) 169.5 (164.3 to 174.7) 167.0 (162.7 to 171.3) 0.501 

Whole LST (Kg) 48.3 (42.51 to 54.21) 46.7 (42.8 to 50.6) 0.646 

Body fatness (%) 21.4 (17.08 to 25.71) 23.8 (21.3 to 26.2) 0.303 

Sports participation    

Previous practice 

(months) 

67.9 (45.4 to 90.4) 49.1 (32.9 to 65.3) 0.196 

Vigorous PA (min/day) 19.7 (12.9 to 26.4) 14.8 (12.2 to 17.4) 0.170 

Bout section (min/day) 146.6 (135.6 to 157.7) 92.5 (84.2 to 100.8) 0.001 

Frequency (days/week) 5.7 (5.3 to 6.1) 4.6 (4.2 to 5.1) 0.001 

Weekly volume 

(min/week) 

838.1 (750.6 to 925.4) 440.2 (378.1 to 502.2) 0.001 

Pain    

Neck (events/wk) 4.2 (1.0 to 7.5) 0.55 (0.17 to 0.93) 0.029 

Shoulders (events/wk) 7.2 (3.5 to 10.9) 2.0 (1.0 to 3.0) 0.010 

Trunk (events/wk) 3.8 (0.5 to 7.0) 0.3 (0.1 to 0.5) 0.036 

Elbows (events/wk) 1.7 (0.1 to 3.5) 0.9 (0.1 to 1.6) 0.285 

Low back (events/wk) 5.2 (1.2 to 9.2) 1.6 (0.8 to 2.4) 0.082 

Wrists/hands 

(events/wk) 

1.4 (0.1 to 3.3) 0.5 (0.1 to 1.0) 0.345 

Hips (events/wk) 4.8 (1.2 to 8.5) 2.9 (1.6 4.2) 0.309 

Knees (events/wk) 3.3 (0.1 to 6.9) 2.0 (0.7 to 3.2) 0.453 

Ankles/feet (events/wk) 3.3 (0.1 to 6.7) 3.1 (1.7 to 4.4) 0.869 

Categorical n (%) n (%) p-value 

Resistance training    

RT yes 16 (88.9%) 35 (77.8%) 0.482 

RT ≥3 days/week 12 (66.7%) 21 (46.7%) 0.247 

RT ≥1 year 8 (44.4%) 18 (40.0%) 0.968 

  95%CI: confidence interval; LST= lean soft tissue; PHV= peak of height velocity; RT= resistance 1083 
training. 1084 



  
  

Table 2. Linear regression (standardised coefficient) between the self-reported pain during the 28-week follow-up and training parameters among 1085 
adolescents (ABCD – Growth Study; n = 63). 1086 

 Neck Shoulders Trunk Elbows Low back Wrists/hands Hips Knees Ankles/feet 

  r r r r r r r r r 

Overall sample (n= 63)          
Training volume (min/wk) 0.454 0.368 0.500 -0.092 0.127 -0.044 -0.026 -0.006 -0.262 

Vigorous PA (min/day) -0.142 -0.373 -0.123 0.028 0.112 0.272 -0.026 0.197 0.351 

RT (days/wk) -0.119 0.137 -0.130 0.327 0.102 0.138 0.299 0.191 0.461 

Linear regression adjusted by sex, PHV, age, training volume, vigorous physical activity, and resistance training (days/week); PA= physical activity; RT= 1087 
resistance training.1088 
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Figure 1. 1089 

 1090 

 1091 

 1092 

Figure 1. Prevalence (and 95%CI) of pain among adolescents (Panel A) and according to sports participation (Panel B; ABCD—Growth Study; 1093 
n = 63). 1094 

 1095 

 1096 
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Figure 2. 1097 

 1098 

Figure 2. Kaplan-Meier plots and risk of pain during 28 weeks among adolescents 1099 
(ABCD—Growth Study; n = 63). 1100 
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4.2 Manuscript 2: 1232 

 1233 

Original Article 1234 

Association between sports participation and incidence of pain in 1235 

adolescents: ABCD Growth Study 1236 

 1237 

Abstract 1238 

Purpose: To compare the incidence of pain between adolescents engaged and 1239 

not engaged in sports participation and also explore the role of sex, biological 1240 

maturation and parameters of sports participation into this association. Methods: 1241 

In total, 95 adolescents categorised into two groups, considering the presence 1242 

(63 adolescents) or not of sports participation (32 adolescents). For one week, 1243 

researchers directly measured the sedentary behaviour as a physical behaviour 1244 

and the time training volume spent in different intensities light, moderate, and 1245 

vigorous during sports participation using a heart rate monitor. In addition, they 1246 

reported the occurrence of pain every week for 28 weeks using an online form. 1247 

Bivariate correlation was used to observe the relationship between sedentary 1248 

behaviour, intensity of physical activity and total time week training time with the 1249 

appearance of pain in each segment. Kaplan-Meier plots and risk of pain were 1250 

calculated for the absence of pain during the follow-up. Results: The percentage 1251 

of adolescents reporting at least one pain event during the follow-up period did 1252 

not differ between the two groups, however, the number of pain events reported 1253 

in athletes was higher. A steeper slope indicates a higher event rate risk to report 1254 

pain over the 28 weeks was higher for shoulders (P = 0.001), elbows (P = 0.013), 1255 

hips (P = 0.031), and ankles/feet (P = 0.038) mostly in the sports participation 1256 

group. Every increase of one minute per week of sports participation resulted in 1257 

more than 0.004 pain events in the neck (95%CI: 0.001 to 0.007), 0.011 events 1258 

in shoulders (95%CI: 0.006 to 0.014), 0.004 events on the trunk (95%CI: 0.001 1259 

to 0.007) and 0.002 events on elbows (95%CI: 0.001 to 0.004). Conclusion: The 1260 

weekly time of engagement seems a relevant aspect of sports participation 1261 

responsible for the higher number of pain events among adolescents, especially 1262 

among adolescent athletes.  1263 
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Introduction 1264 

The International Association for the Study of Pain (IASP) defined pain as 1265 

"an unpleasant sensory and emotional experience associated with actual or 1266 

potential tissue damage or described in terms of such damage" (Raja et al., 1267 

2020). Figures show that pain is already responsible for significant economic 1268 

burden (US$ 560-635 billion in 2010) among adults (Smith & Hillner, 2019). 1269 

However, pain is not an outcome exclusively observed in adults, being a condition 1270 

commonly reported by children and adolescents, with prevalence ranging from 1271 

4% to 60% and tracking from early life to adulthood (Brattberg, 2004; Rathleff et 1272 

al., 2013). The literature already shows that the impact of the presence of pain in 1273 

adolescence is such that it can predict pain conditions in early adulthood, and 1274 

early identification is of the utmost importance to prevent pain from becoming 1275 

persistent (Hainline et al., 2017). 1276 

Moreover, adolescence is a critical period for human growth with potential 1277 

to affect pain. Puberty itself is characterised by significant somatic growth and 1278 

marked musculoskeletal changes, factors that increase the adolescent's 1279 

vulnerability to episodes of pain (Swain et al., 2018). Sex is another variable to 1280 

be considered in this complex phenomenon linking pain to sports participation 1281 

because girls seem more vulnerable to pain than boys, while sports parameters 1282 

and maturation are two variables strongly affected by sex (Perquin et al., 2000; 1283 

Swain et al., 2018). Therefore, models assessing the interaction between sports 1284 

participation and pain among adolescents should consider those potential 1285 

confounders. 1286 

Sports participation is the main manifestation of physical exercise among 1287 

adolescents and its practice has been consistently related to many positive health 1288 

aspects (Malina, 2017). However, in a paradox the same sports participation can 1289 

increase the risk of pain and injuries. Guddal et al., 2019, analysed the presence 1290 

of pain in 7,596 adolescents and found that 62% of them reported pain after 1291 

sports practice, evidencing the concern that children and adolescents report pain 1292 

at alarming rates as well as sports participation seems to play a relevant (and yet 1293 

unclear) role into this phenomenon. The discussion surrounding the relationship 1294 

between sports participation and pain is a controversial issue, especially because 1295 

the engagement in sports is more complex than just “be engaged in”. Aspects of 1296 
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sports participation (e.g. volume of training, intensity, etc.) should be considered 1297 

to understand in depth how this relevant behaviour might be linked to pain in 1298 

adolescents (Kujala et al., 1999). It's important to note that all the studies were 1299 

conducted in high-income countries. There haven't been any studies in low-1300 

income countries like Brazil where adolescents are observed over an extended 1301 

period. It's also important to consider variables related to sports participation 1302 

(intensity, volume) along with somatic maturation. This makes it crucial to further 1303 

explore this topic. 1304 

Thus, this manuscript aimed to analyse the association between sports 1305 

participation and incidence of pain among adolescents, as well as to identify the 1306 

role of biological maturation, sex and training parameters into this association. 1307 

We have hypothesised that the engagement in sports would increase the risk of 1308 

pain among adolescents, while this association would be affected by biological 1309 

maturation (higher incidence of pain in more mature adolescents), sex (higher 1310 

incidence among boys) and training parameters (higher incidence in adolescents 1311 

spending more time in sports practice [volume]). 1312 

 1313 

Material and Methods 1314 

Sample 1315 

This longitudinal study is part of the ongoing research entitled “Analysis of 1316 

Behaviours of Children During Growth – ABCD Growth Study”, conducted in 1317 

Presidente Prudente (Western part of the Sao Paulo State). This study was 1318 

approved by the Ethical Board Committee of the Sao Paulo State University 1319 

(Process number: 02891112.6.0000.5402). 1320 

For this study, adolescents who were engaged in sports were included if 1321 

they: i) had previous involvement of at least 12 months in the current sport; ii) did 1322 

not have clinical or metabolic disorders (previously diagnosed); iii) did not 1323 

regularly use medications that may affect the development and growth of the 1324 

adolescent; iv) aged from 11 to 17 years; vi) signed written consent form. We do 1325 

not limit the participation of adolescent athletes, referring to the nature of the 1326 

objectives, whether in the form of annotation or subjective perception in the 1327 
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scoring of the impact modalities, we address group participation modality such as 1328 

basketball or individuals such as gymnastics, athletics and judo. 1329 

For the control ones, adolescents not engaged in sports, the following 1330 

inclusion criteria were applied: i) no regular participation in sports in the previous 1331 

six months; ii) signed written consent form; iii) absence of clinical or metabolic 1332 

disorders (previously diagnosed); iv) no regular use of medications; iv) aged from 1333 

11 to 17 years. For all adolescents who declared to fulfil the inclusion criteria, 1334 

their parents and/or guardians received the written consent forms. After providing 1335 

consent, participants were contacted by phone and invited to visit the University 1336 

facilities to be measured and interviewed by the researchers.  1337 

The ABCD Growth Study has been conducted since 2017, and details 1338 

about its sampling process are described elsewhere (Werneck et al., 2018). In 1339 

brief, the ABCD Growth Study was approved by members of the Municipal 1340 

Department of Sports and Municipal Department of Education. However, due to 1341 

the COVID-19 pandemic, all data collection was interrupted from 2020 to 2022 1342 

by the determination of both the State of Sao Paulo and Brazilian Health 1343 

Authorities, resulting in the loss of the tracked adolescents. The dataset used in 1344 

this manuscript was built in 2022, when 95 adolescents were tracked for 28 1345 

weeks to test the necessary changes in a post-pandemic scenario, targeting to 1346 

resume the ABCD Growth Study in 2023. 1347 

 1348 

Dependent variable: Pain 1349 

Adolescents were tracked weekly by the research team, reporting the 1350 

occurrence of pain. The questionnaire used to assess pain was an adaptation of 1351 

the Nordic Questionnaire (Kuorinka et al., 1987; Legault et al., 2014). 1352 

Researchers contacted adolescents and coaching staff weekly to avoid recall 1353 

bias, considering the positive pain report through week (Bahr, 2009). Adolescents 1354 

received access to an online form, which should be completed throughout the 1355 

week (the research team and coach staff worked closely to keep the reports 1356 

updated). Coaches knew that the questionnaires were being completed but did 1357 

not interfere in the process.   1358 
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The questionnaire presents a scheme of the body subdivided into regions 1359 

(neck, shoulder, upper back, elbows, wrists/hands, lower back, hip/thigh, knees, 1360 

and ankles/feet) (supplement 1). For each body region, there are three yes/no 1361 

questions: (i) the presence of any pain in the previous 7 days, (ii) impairment in 1362 

daily activities over the previous 7 days due to pain, and (iii) consulting a health 1363 

professional because of pain. The validation study presented satisfactory Kappa 1364 

index values, ranging from 0.63 to 1.00 (de Barros & Alexandre, 2003). To ensure 1365 

the quality of adolescents’ responses, before the study, the researchers 1366 

contacted parents/legal guardians and adolescents to provide instructions about 1367 

the correct way to complete the questionnaire and answer any questions about 1368 

the procedures. It was emphasized that the questionnaire should reflect only the 1369 

teenager's perception. Coaches knew that the questionnaires were being 1370 

completed but did not interfere in the process. All adolescents were followed 1371 

weekly and even not reporting information in a specific week, the adolescent was 1372 

contacted in the subsequent week. In our sample, the average number of weeks 1373 

reporting pain was 21.7 weeks (95%CI: 20.1 to 23.3). 1374 

In the current study, “the presence of any pain in the previous 7 days” was 1375 

self-reported weekly (every Friday), and the incidence of the outcomes (events 1376 

after the baseline) were considered. 1377 

 1378 

Independent variables 1379 

Participants were categorized into two groups considering the presence 1380 

(or not) of sports participation: the “sports group” (n= 63 adolescents) and the 1381 

“control group'' (n= 32 adolescents). At baseline measures, the participants 1382 

reported the previous time of engagement in the sport (months), the weekly 1383 

frequency of training (days/week), and resistance training (days/week). For our a 1384 

priori analyses during one whole week, researchers directly measured the time 1385 

(training volume) spent in different intensities (light [60%-70% of HRmax], 1386 

moderate [70%-80% of HRmax] and vigorous [80%-90% of HRmax]) during 1387 

sports participation using a heart rate monitor (sensor attached to the chest at 1388 

the height of the heart position [Polar H7 model]; POLAR software, Polar Team, 1389 

Kempele, Finland). 1390 
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Sex (boy/girl), anthropometric measures (body weight, height, and sitting 1391 

height), and body composition (lean soft tissue and body fatness) were used as 1392 

covariates. Body weight was measured using an electronic scale (Filizzola PL 1393 

150, model Filizzola Ltda, Brazil). In contrast, height and sitting height were 1394 

measured using a wall-mounted stadiometer (Sanny, model American Medical of 1395 

the Brazil Ltda, Brazil). Peak height velocity (PHV) was estimated as a marker of 1396 

somatic maturation, using mathematical models based on anthropometric 1397 

measures to calculate the time (in years) remaining (negative values) or past 1398 

(positive) to PHV, which is an important biological event that follows the human 1399 

maturation process: Years from age of PHV for males = -7.999994 + [0.0036124 1400 

x (Age x Stature)] and Years from age of PHV for females = -7.709133 + 1401 

[0.0036124 x (Age x Stature)] (Moore et al., 2015). Body mass (kg), body fatness 1402 

(%), and whole body lean soft tissue were assessed using a dual-energy x-ray 1403 

absorptiometry (DXA) scanner (Lunar DPX-NT; General Electric Healthcare, 1404 

Little Chalfont, Buckinghamshire, UK) with GE Medical System Lunar software 1405 

(version 4.7). DXA measurements were performed in the morning after a light 1406 

breakfast, and the scanner quality was tested by a trained researcher before each 1407 

measurement day, following the manufacturer's recommendations. 1408 

Habitual physical activity (sedentary time, light, moderate and vigorous 1409 

physical activity) was monitored over five days, including two weekdays and one 1410 

weekend day, using a POLAR® accelerometer (model V800 – Kempele, 1411 

Finland). Adolescents were instructed to wear the accelerometer throughout the 1412 

entire day, even during sleep and showers (since the device is a waterproof 1413 

watch), removing it only during either sports practice or other activities with risk 1414 

of damaging the device. The device's software provided information on these 1415 

activity levels (https://www.polar.com/en/img/static/whitepapers/pdf/polar-1416 

activity-tracking-white-paper.pdf). In this study, sedentary time (min/day) was 1417 

considered to adjust the multivariate models. 1418 

 1419 

Statistical Analysis 1420 

Measures of central tendency, dispersion, and frequency were used as 1421 

descriptive statistics. The student’s t-test (continuous data) and chi-square 1422 

https://www.polar.com/en/img/static/whitepapers/pdf/polar-activity-tracking-white-paper.pdf
https://www.polar.com/en/img/static/whitepapers/pdf/polar-activity-tracking-white-paper.pdf
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(categorical data) were used to compare means and assess associations' 1423 

existence between the “sports group” and “control group'' respectively. Bivariate 1424 

correlation was used to observe the relationship between sedentary behavior, 1425 

intensity of physical activity (moderate, vigorous), and total time week training 1426 

time with the appearance of pain in each segment, expressed as r and its 95% 1427 

confidence interval. Correlations were adopted as measures of effect-size and 1428 

graded as small effect-size <= 0.10, medium effect-size >0.10 to <= 0.49 and 1429 

large effect-size >= 0.50 to <= 0.70 and very large effect-size >0.70 (MAHER et 1430 

al. 2013). The variables that present a correlation will enter the linear regression 1431 

analysis model. Subsequently, the associations (Pain and sports participation) 1432 

were expressed as β and its 95% confidence intervals (95%CIs) using Linear 1433 

Regression, adjusted by sex, somatic maturation, lean soft tissue, sports 1434 

modality, and sedentary behaviour. The occurrence was calculated with 95% CIs. 1435 

Kaplan-Meier plots and risk of pain through 28 weeks were calculated for the 1436 

absence of pain during the 28-week follow-up. Analyses were carried out on the 1437 

statistical software SPSS (version 29.0), and the significance level was set as 1438 

5%. 1439 

 1440 

Results 1441 

During the 28-week weekly follow-up, the research team tracked 95 1442 

adolescents (63 athletes and 32 controls). Both groups shared similarities in age, 1443 

body mass, and height, while athletes participated more in resistance training. 1444 

The percentage of adolescents reporting at least one pain event (in all body 1445 

segments) during the follow-up period did not differ between the two groups 1446 

(Table 1), however, during the follow-up period there were 1621 reports of pain, 1447 

while the number of pain events reported in athletes was higher (Table 1). A 1448 

steeper slope indicates a higher event rate risk to report pain over the 28 weeks 1449 

was higher for shoulders (P = 0.001), elbows (P = 0.013), hips (P = 0.031), and 1450 

ankles/feet (P = 0.038) mostly in the sports participation group than the control 1451 

group (Figure 1). 1452 

During the follow-up period, the weekly time spent with sports participation 1453 

was positively correlated with pain in most of body segments (small to medium 1454 
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effect-size [>0.10 to <= 0.49]) , including neck (r= 0.240 [95%CI: 0.022; 0.437]), 1455 

shoulders (r= 0.441 [95%CI: 0.243; 0.601]), trunk (r= 0.231 [95%CI: 0.011; 1456 

0.428]), elbows (r= 0.334 [95%CI: 0.123; 0.516]), wrists/hands (r= 0.228 [95%CI: 1457 

0.009; 0.426]), hips (r= 0.263 [95%CI: 0.046; 0.456]), and ankles/feet (r= 0.231 1458 

[95%CI: 0.011; 0.428]) (Table 2). Similarly, the time spent in sports participation 1459 

at vigorous intensity was related to more pain events in wrists/hands (r= 0.295 1460 

[95%CI: 0.098; 0.469]), knees (r= 0.214 [95%CI: 0.011; 0.399]) and ankles/feet 1461 

(r= 0.361 [95%CI: 0.171; 0.525]). The time spent in sports participation at 1462 

moderate intensity and sedentary behaviour (assessed outside sports practice) 1463 

was unrelated to pain events. 1464 

The weekly time spent with sports participation remained significantly 1465 

related to pain events even after adjusting by potential confounders (sex, somatic 1466 

maturation, lean soft tissue, sports modality, and sedentary behaviour). All 1467 

segments showed a relationship mainly with total volume per week (min) and 1468 

vigorous intensity, unlike the hip segment that did not show an association with 1469 

total weekly time (β= 0.003 [95%CI: -0.001 to 0.008]), intensity (β= 0.004 [95%CI: 1470 

-0.135 to 0.143]), sex (β= 3.315 [95%CI: -1.037 to 7.668]) and somatic maturation 1471 

(β= -0.377 [95%CI: -1.392 to 0.639]). The positive association within the model 1472 

showed that, every increase of one minute per week of sports participation 1473 

resulted in more than 0.004 pain events in the neck (95%CI: 0.001 to 0.007), 1474 

0.011 events in shoulders (95%CI: 0.006 to 0.014), 0.004 events on the trunk 1475 

(95%CI: 0.001 to 0.007) and 0.002 events on elbows (95%CI: 0.001 to 0.004) 1476 

(Table 3). Additionally, the time spent on sports participation at vigorous intensity 1477 

positively related the number of pain events on wrists/hands (β= 0.066 [95%CI: 1478 

0.009 to 0.124]) and ankles/feet (β= 0.153 [95%CI: 0.021 to 0.284]), while 1479 

negatively related to pain events on shoulders (β= -0.148 [95%CI: (-0.265 to -1480 

0.031]) (Table 3), tending to decrease painful events in the segment regarding 1481 

vigorous intensity. 1482 

Sex and somatic maturation were not related to any outcome, while the 1483 

models described in small magnitude the number of pain events in our sample 1484 

(variance explained from 10.1% to 33.5%). 1485 

 1486 
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Discussion 1487 

This longitudinal study assessed the complex relationship between sports 1488 

participation and pain among adolescents and identified that sports participation 1489 

is related to a higher number of pain events, while this relationship seems to rely 1490 

mostly on weekly volume of practice. Moreover, sex differences and somatic 1491 

maturation were not relevant variables affecting pain in those adolescents. 1492 

The first finding of this longitudinal study suggests that pain is a common 1493 

health issue among adolescents, regardless of their engagement in sports. In 1494 

fact, adolescents engaged in sports had increased risk to report more pain 1495 

events, but its occurrence was widespread in the whole sample. There are reports 1496 

in the literature linking the occurrence of pain events to sedentary activities 1497 

commonly present in the adolescents’ life in our society, such as television and 1498 

computer use (Kelly et al., 2009; Silva et al., 2016). Therefore, pain seems to be 1499 

a clinical outcome commonly observed in adolescents, deserving attention from 1500 

health professionals and parents due to its impact on quality of life. 1501 

The most affected body segments were shoulders, elbows, hips, and 1502 

ankles during all 28 weeks of follow-up. Close to our results, Kamada et al. (2016) 1503 

in their dose-response sports monitoring system, found that of the 374 1504 

adolescents monitored for 30 weeks, they reported a higher frequency of pain in 1505 

the upper limbs, shoulders (6.9%) and elbows (2.1%), while in lower limbs, knees 1506 

(7.9%) and ankles (4.0%) were the most affected (Kamada et al., 2016). Another 1507 

epidemiological survey in Norway recorded 7596 Norwegian adolescents 1508 

identified neck and shoulder pain as the most prevalent symptom (17%) (Guddal 1509 

et al., 2019).  Although some methodological issues such as the definition of pain 1510 

for each monitoring system, the monitoring time, and even the associated results 1511 

in physical activity, can vary, the upper body structures tend to be affected when 1512 

it comes to pain. 1513 

The impact of sports participation in the increase of pain events may seem 1514 

controversial because physical exercise is a common element of many 1515 

interventions to treat / prevent pain (Shourie et al., 2024). On the other hand, the 1516 

physical exercise offered by these clinical interventions are delivered in controlled 1517 

environments and under strict supervision, conditions not applicable to sports 1518 
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participation in the real world, in which sprains and swellings are common and 1519 

not prone to be controlled. Moreover, the way athletes deal with pain (e.g. seek 1520 

for treatment, medicine use) is different from the general population because 1521 

there are other elements involved (e.g. agents, coaches, clubs) (Nelis et al., 1522 

2024) and, in many cases, these athlete adolescents feel pushed to keep the 1523 

practice in painful conditions. 1524 

Our results showed that physically active adolescents, those who spend 1525 

more time immersed in some type of sports participation reported more pain 1526 

events. Moreover, a relevant aspect to be highlighted is the fact that higher 1527 

intensity was less harmful to pain events than weekly time of engagement. The 1528 

literature shows results like those of our study, Hulsegge et al. (2011) studied the 1529 

association between physical activity and musculoskeletal complaints in a large 1530 

adolescent cohort (Hulsegge et al., 2011). The authors found that being 1531 

physically active at least 5 days a week for one hour or more was associated with 1532 

a significantly higher risk of recording complaints (Hulsegge et al., 2011). Another 1533 

study by Shan et al. (2013) found that adolescent athletes who practice an 1534 

inadequately high volume of physical activity have an increased risk of developing 1535 

either injuries or symptoms, especially affecting lower body extremities (Shan et 1536 

al., 2013). These findings affirm that higher levels of competition and training 1537 

mistakes, such as unsuitably high training volumes, and inadequate training 1538 

methods are risk factors for injuries and complaints in the adolescent athlete 1539 

population (Caine et al., 2006, 2008; Dalton, 1992). 1540 

Even controlling the role of potential confounders, the models explained 1541 

poorly the report of pain, and the relationships were small in magnitude, denoting 1542 

the multifactorial and complex nature of complaints and injuries arising not from 1543 

the linear combination of isolated factors. There is considerable uncertainty 1544 

regarding the aetiological role of maturation and growth in adolescent pain 1545 

conditions, and highlights the knowledge gaps (Bittencourt et al., 2016). The role 1546 

of sex, body composition, sports variables, and physical activity domains is still 1547 

to be determined. 1548 

Our study has strengths, such as the longitudinal design and weekly pain 1549 

monitoring, as well as the direct measure of relevant variables, such as intensity, 1550 
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non-sportive physical activities and body composition. However, this study has 1551 

also some limitations. First, pain is a sign that can be overestimated or 1552 

underestimated by the perception of each adolescent, which could also influence 1553 

the results. Another limitation is that we did not collect data on psychosomatic 1554 

complaints and sleep quality. The evidence suggests these factors may be 1555 

associated with adolescent multisite complains (Morris et al., 2022). 1556 

Pain and components of sports participation were essentially related in a 1557 

small magnitude and our models explained poorly pain among these 1558 

adolescents, denoting the participation of other non-controlled variables. Thus, 1559 

assuming the natural intrinsic variability inserted into pain, future studies should 1560 

focus on clarify the main determinants of pain among adolescents  1561 

 1562 

Conclusion 1563 

In summary, weekly volume of sports participation was associated with an 1564 

increase in pain events, while exercise intensity was a less relevant component 1565 

affecting pain in athlete adolescents. Furthermore, this relationship is not 1566 

influenced by sex or maturity. 1567 
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Table 1. General sample characteristics (ABCD – Growth Study; n= 95). 1606 

Variables Control 
(n= 32) 

Sports participation 
(n= 63) 

P 

 Mean (95%CI) Mean (95%CI)  

General characteristics    
Boys / Girls 18 / 14 36 / 27 0.931 
Age (years) 14.1 (13.1 to 14.9) 14.8 (14.3 to 15.3) 0.111 
PHV (years) 0.9 (0.3 to 1.6) 1.7 (1.3 to 2.2) 0.731 
Body mass(kg) 61.2 (54.6 to 67.7) 64.3 (59.7 to 68.9) 0.694 
Height (cm) 1.6 (1.5 to 1.7) 1.7 (1.6 to 1.8) 0.271 
Whole LST (Kg) 42.3 (37.7 to 46.8) 47.1 (44.1 to 50.3) 0.151 
Sedentary behavior (min/week) 523.9 (478 to 569) 493.7 (467 to 519) 0.217 

Sports participation    
Previous practice (months) -- 54.4 (41.4 to 67.5) -- 
Moderate (min/ week) -- 35.5 (31.2 to 39.7)  
Vigorous (min/week) -- 3.4 (2.5 to 4.2) -- 
Total time (min/week)* -- 115 (104 to 125) -- 

Resistance training    
RT (yes) 22.6% 81.1% 0.001 

RT (≥3 days/week) 15.4% 84.6% 0.001 

RT (≥1 year) 7.1% 92.9% 0.001 

Pain (%)    
Neck (Yes) 48.5% 41.3% 0.645 
Shoulders (Yes) 45.5% 63.5% 0.139 
Trunk (Yes) 27.3% 33.3% 0.706 
Elbows (Yes) 18.2% 33.3% 0.184 
Low back (Yes) 51.5% 65.1% 0.284 
Wrists/hands (Yes) 24.2% 22.2% 0.911 
Hips (Yes) 45.5% 65.1% 0.102 
Knees (Yes) 45.5% 52.4% 0.667 
Ankles/feet (Yes) 42.2% 63.5% 0.078 

Pain (number of events)    
Neck 1.1 (0.6 to 1.7) 1.6 (0.6 to 2.6) 0.546 
Shoulders 1.1 (0.3 to 1.7) 3.5 (2.2 to 4.9) 0.001 
Trunk 1.1 (0.1 to 2.1) 1.3 (0.3 to 2.2) 0.751 
Elbows 0.2 (0.1 to 0.4) 1.1 (0.4 to 1.8) 0.013 
Low back 2.6 (1.1 to 4.1)  2.6 (1.4 to 3.9) 0.866 
Wrists/hands 0.2 (0.1 to 0.3) 0.8 (0.2 to 1.4) 0.071 
Hips 1.3 (0.3 to 2.3) 3.5 (2.1 to 4.8) 0.031 
Knees 1.4 (0.5 to 2.3) 2.4 (1.1 to 3.7) 0.320 
Ankles/feet 1.1 (0.2 to 1.9) 3.1 (1.8 to 4.4) 0.038 

95%CI: confidence interval; LST= lean soft tissue; PHV= peak of height velocity; and RT= 1607 

resistance training; *= light, moderate and vigorous. 1608 

 1609 
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 1610 

Figure 1. Kaplan-Meier plots and risk of pain through 28 weeks among 1611 
adolescents (ABCD—Growth Study; n = 95). 1612 

 1613 

 1614 

 1615 
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Table 2. Bivariate correlation between intensity of physical activity behaviours 1616 
and pain (ABCD – Growth Study; n= 95) 1617 

 Intensity of sports participation 
(minutes/week) 

 Moderate* Vigorous* Total time*;** 
Pain (number 
of events) 

r (CI 95%) r (CI 95%) r (CI 95%) 

Neck 0.062 
(-0.153 to 0.271) 

0.071 
(-0.134 to 0.269) 

0.240 
(0.022 to 0.437) 

Shoulders -0.051 
(-0.261 to 0.165) 

0.067 
(-0.138 to 0.266) 

0.441 
(0.243 to 0.601) 

Trunk 0.115 
(-0.101 to 0.320) 

0.077 
(-0.128 to 0.275) 

0.231 
(0.011 to 0.428) 

Elbows 0.046 
(-0.169 to 0.257) 

0.185 
(-0.018 to 0.374) 

0.334 
(0.123 to 0.516) 

Low back 0.089 
(-0.127 to 0.296) 

0.127 
(-0.078 to 0.321) 

0.157 
(-0.065 to 0.364) 

Wrists/hands 0.047 
(-0.168 to 0.257) 

0.295 
(0.098 to 0.469) 

0.228 
(0.009 to 0.426) 

Hips 0.078 
(-0.138 to 0.286) 

0.178 
(-0.026 to 0.367) 

0.263 
(0.046 to 0.456) 

Knees 0.078 
(-0.138 to 0.286) 

0.214 
(0.011 to 0.399) 

0.156 
(-0.066 to 0.364) 

Ankles/feet 0.067 
(-0.148 to 0.276) 

0.361 
(0.171 to 0.525) 

0.231 
(0.011 to 0.428) 

*= intensity measured by heart rate; **= sum of light, moderate and vigorous 1618 

 1619 

 1620 
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Table 3. Relationship between pain, sports participation and other covariates 1621 
(ABCD – Growth Study; n= 95). 1622 

 Linear regression (outcome: number of pain events) 
  Unstandardized coefficient  

Pain (events/wk) Standardized 
(r) 

 
β* 

 
95%CI 

 
P 

Model 
R2 

Neck     0.184 
Total time (min week) 0.341 0.004 (0.001 to 0.007) 0.027  
Vigorous (min/week) -0.042 -0.013 (-0.114 to 0.088) 0.803  
Sex 0.279 2.126 (-1.033 to 5.285) 0.184  
Maturation (PHV) 0.027 0.054 (-0.683 to 0.791) 0.884  

Shoulders     0.335 
Total time (min week) 0.678 0.011 (0.006 to 0.014) 0.001  
Vigorous (min/week) -0.378 -0.148 (-0.265 to -0.031) 0.014  
Sex 0.325 3.195 (-0.461 to 6.852) 0.086  
Maturation (PHV) 0.023 0.059 (-0.794 to 0.912) 0.890  

Trunk     0.140 
Total time (min week) 0.297 0.004 (0.001 to 0.007) 0.051  
Vigorous (min/week) -0.037 -0.012 (-0.122 to 0.098) 0.432  
Sex 0.201 1.625 (-1.824 to 5.073) 0.350  
Maturation (PHV) -0.008 -0.017 (-0.822 to 0.787) 0.966  

Elbows     0.129 
Total time (min week) 0.316 0.002 (0.001 to 0.004) 0.046  
Vigorous (min/week) 0.117 0.019 (-0.037 to 0.076) 0.502  
Sex -0.011 -0.041 (-1.808 to 1.728) 0.964  
Maturation (PHV) 0.207 -0.011 (-0.423 to 0.402) 0.959  

Wrists/hands     0.141 
Total time (min week) 0.009 5.934 (-0.002 to 0.002) 0.951  
Vigorous (min/week) 0.393 0.066 (0.009 to 0.124) 0.025  
Sex 0.148 0.626 (-1.171 to 2.423) 0.489  
Maturation (PHV) -0.061 -0.066 (-0.485 to 0.353) 0.753  

Hips     0.101 
Total time (min week) 0.221 0.003 (-0.001 to 0.008) 0.166  
Vigorous (min/week) 0.011 0.004 (-0.135 to 0.143) 0.953  
Sex 0.332 3.315 (-1.037 to 7.668) 0.133  
Maturation (PHV) -0.144 -0.377 (-1.392 to 0.639) 0.461  

Ankles/feet     0.201 
Total time (min week) -0.096 -0.001 (-0.006 to 0.003) 0.522  
Vigorous (min/week) 0.384 0.153 (0.021 to 0.284) 0.023  
Sex 0.199 1.989 (-2.119 to 6.097) 0.337  
Maturation (PHV) -0.131 -0.341 (-1.301 to 0.617) 0.481  

Note: *= model adjusted by sex, somatic maturity, lean soft tissue, sport modality and sedentary 1623 
behavior. 1624 

 1625 
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5 THESIS CONCLUSIONS 1719 

 1720 

• Confirming our initial hypothesis, sports participation affected the 1721 

incidence of pain among adolescents, in which adolescents 1722 

engaged in sports reported more pain events than those 1723 

adolescents not engaged in; 1724 

 1725 

• Partially confirming our initial hypothesis, the harmful association 1726 

observed between sports participation and incidence of pain relied 1727 

more on weekly volume of training than physical exercise intensity 1728 

(the initial hypothesis supported the role of both volume and 1729 

intensity); 1730 

 1731 

• Partially confirming our initial hypothesis, sex did not affect the 1732 

occurrence of pain and the association between sports participation 1733 

and pain in adolescents;  1734 

 1735 
• Partially confirming our initial hypothesis, biological maturation did 1736 

not affect the occurrence of pain and the association between 1737 

sports participation and pain in adolescents;  1738 

 1739 
• Additionally, there are certain particularities among different sports, 1740 

in which some sports seem more prone to promote pain events than 1741 

others;  1742 

 1743 
• This thesis presents innovative aspects in the development and 1744 

implementation of a pain surveillance system related to the 1745 

adolescent growth and development process, finding that the 1746 

relationship between pain continues to have a close relationship 1747 

with sports participation, even considering the somatic growth factor 1748 

adjustment variable. 1749 

 1750 
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• Finally, as main message of the document, in the context of sports 1751 

participation in adolescence training volume is shown to be a 1752 

relevant variable affecting the appearance of pain. Although sports 1753 

in the first two decades of life is strongly recommended, there is a 1754 

limit that must be respected to preserve the physical integrity of the 1755 

adolescent. 1756 

 1757 

 1758 

 1759 

 1760 

 1761 

 1762 

 1763 

 1764 

 1765 

 1766 

 1767 

 1768 

 1769 

 1770 

 1771 

 1772 

 1773 

 1774 
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