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Background: The frequent and intensive training and performance of pre-professional ballet dancers and sportspersons is offered at a time when young ballet dancers and young athletes may be vulnerable to injury due to the progress through adolescence and growth spurts.

Hypothesis: There are changes in range of motion during the progress through adolescence and growth periods in dancers and sportspersons. These changes in ROM can be linked to the increase of injury.

Objectives: The primary aim of this systematic review is to determine whether there are changes in ROM during the progress through adolescence and growth spurts in dancers and sportspersons. The secondary aim is to determine whether these changes can predict the risk of injuries for adolescent dancers and sportspersons.

Search strategy: Pubmed, Cochrane Register of Controlled Trails (CENTRAL), Cochrane Database of Systematic Reviews (CDSR), EBSCO Host databases: CINAHL Plus, MEDLINE, SPORTDiscus, Embase were searched using MeSH terms. Manual search in the Journal of Dance Medicine and Science and screening of the reference lists of identified studies and reviews was conducted.

Selection criteria: Studies included adolescent dancers and sportspersons, aged 8–18, both sexes, growth spurt related to changes in ROM and injury incidence.

Data collection and analysis: Search strategy was performed in the flow diagram of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). Two reviewers independently appraised each included study using Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) for methodological quality of the included studies. For data extraction, the following information was systematically extracted: first author and year of publication, study design, participants (sample size of mean age), age, maturation (if assessed), intervention, outcome(s), and some notes of each study. For evaluation of the risk of bias and precision the Research Triangle Institute Item Bank (RTI-IB) is included.

Main results: Seven observational studies met the inclusion criteria of this current review. The results of this review suggest that there are changes in ROM during the progress through adolescence and growth spurts in dancers and sportspersons. These changes may lead to an increase in injury incidence.

Conclusion: There is evidence linking to changes in ROM during the progress through adolescence and growth spurts in dancers and sportspersons. These changes in ROM may be related to injury incidence.
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INTRODUCTION

For those wanting to have careers in sport and dance, it has been established that dedicated training (high volume and intensity) starts at a relatively young age (Lloyd and Oliver, 2012). Both dancers (Hamilton et al., 1992; Koutedakis and Jamurtas, 2004) and sportspersons are exposed to extreme physical demands on the human body (Liederbach, 1985; Twitchett et al., 2009; Gil et al., 2013; Smith et al., 2015) and therefore are subject to increased injury risk (Price et al., 2004; Allen et al., 2012, 2013). Young promising sports people and dancers are committed to full-time pre-professional training by the age of 11. Pre-professional ballet training places increasing demands on the student and is designed to replicate both the technical demands and intensity of the professional setting, whilst sport development is often within academy settings (Premier League, 2011). For these adolescent students, it often requires up to 5 or 6 days per week of training as they approach the professional level (Ekegren et al., 2014; Caine et al., 2015). The frequent and intensive training and performance of pre-professional ballet dancers and sportspersons is offered at a time when young ballet dancers and young athletes are progressing through adolescence and growth spurts. This can affect the maturing growth plates and the growth process itself (Poggini et al., 1999; Caine et al., 2016). The growth spurt can increase the risk of underdeveloped motor skills and spatial perception due to altered biofeedback (Caine et al., 2015). Compared to young sportspersons, dancers require an extreme Range of Motion (ROM) and fine motor control to achieve the technical demands of ballet, such as repetitive and rotational movements and point work, in a professional setting (Poggini et al., 1999). This may expose these young dancers and sportspeople to a higher risk of injuries (Caine et al., 2015).

Risk of Injuries

Compared to most athletic activities, research on injury incidence and risk factors in dance is limited (Ekegren et al., 2014). Therefore, young adolescence sportspersons are also included in this current review. This offers a broader generalizability of this review to a wider exercising population.

For dancers in pre-professional training, usually aged between 11 and 18 years old in ballet but can be up to 22 years old in other genres, two studies reported incidence and risk factors (Luke et al., 2002; Gamboa et al., 2008). The incidence of dance injury in these studies has been reported to be between 0.62 and 5.6 injuries per 1,000 dancing h (Luke et al., 2002; Gamboa et al., 2008). Another study reported a clinical incidence of injury of 1.42 injuries per dancer and the risk of injury 76% over a one-year period in elite pre-professional ballet students, aged 15–19 years (Ekegren et al., 2014). The rate of injury in this study was 1.38/1,000 h of dance and 1.87/1,000 dance exposures. This study (Ekegren et al., 2014) also showed that compared to young adolescent sportspersons pre-professional dancers had a higher risk of injuries, which may be attributable to the intensive and high level of ballet training. Adolescent dancers reported a considerably lower injury incidence than professional dancers; adolescent dancers: 32–51% vs. professional 67–95% (Gamboa et al., 2008). Smith et al. (2015) reported overall injury incidence among amateur (mean age 16 years) and professional (mean age 27 years) dancers was calculated to be 0.97 and 1.24 injuries per 1,000 dance h; in both genders female dancers had a higher injury incidence: male (0.99 vs. 1.06) and female (1.09 vs. 1.46). However, this study only reported overuse injuries and despite of this, the injury incidence in this study is low.

In case of professional dancers, one study (Allen et al., 2012) showed an overall injury incidence of 4.4 injuries per 1,000 h (female, 4.1; male, 4.8; P > 0.05) and a mean of 6.8 injuries per dancer (female, 6.3; male, 7.3; P > 0.05). In this study most injuries were counted as overuse injuries (64%; female, 68%; male, 60%; P > 0.05) and traumatic injuries (32% for females; 40% for males; P < 0.05). Finally, a systematic review (Allen et al., 2014) reported a mean injury incidence of 1.33 per 1,000 h of dance, with one study deceasing injury incidence from 2.46/1,000 to 0.84/1,000 h of dance in professional dancers by implementing a comprehensive medical management.

Intrinsic and Extrinsic Factors

To investigate the association between range of motion and the risk of injury and changes in performance, the influence of intrinsic as well as extrinsic factors need to be considered. Pre-professional training is offered at a time when young ballet dancers and sportspersons may be vulnerable to injury due to the presence of maturing growth plates and the growth process (intrinsic factors) itself (Poggini et al., 1999; Caine et al., 2016). These intrinsic factors may place the young adolescence dancers and sportspersons at a higher risk of injury (Caine et al., 2015). Some studies suggest that intrinsic factors, such as a temporary decrease of proprioception during adolescence, strength, and flexibility imbalances and poor postural alignment have a causal relationship with dance injuries (Gamboa et al., 2008). Unfortunately, very few studies have managed to investigate the relationships between measurement of intrinsic characteristics and dance injuries (Gamboa et al., 2008). On the other hand extrinsic factors, such as the kind of sports activities, the level of performance cannot be overlooked and need to be considered. They may also have an influence on injury (Coplan, 2002; Negus et al., 2005). For example, one study suggested that the range of motion of hip rotation decreases because of playing soccer (de Castro et al., 2013).

Range of Motion (ROM)

To determine the association between range of motion and the risk of injury and changes in performance, it is important to understand why range of motion might change and if these changes in ROM can be linked to injury and performance. Recently, a study showed that stretching within a warming-up can reduce muscle injuries and can increase the ROM of the joints, which may influence the athletic performance (Behm et al., 2016). For a better understanding of the association between range of motion and the risk of injury, the ROM itself also need to be considered as it is determined by a number of anatomical, biomechanical and physiological factors such as bone shape, connective tissue, muscle mass and neurological tissue (Baechle and Earle, 2008).

However, there is still little known about the ROM in dancers and sportspersons as compared with non-dancers of the same age and the changes in ROM in relation to growth and development (Steinberg et al., 2006). Therefore, the hypothesis of this current review is: “There are changes in range of motion during the progress through adolescence and growth periods in dancers and sportspersons. These changes in ROM can be linked to the increase of injury.” First, it will be researched if there are changes in ROM during adolescence in dancers and sportspersons. Second, if there are changes exist, will these changes have a causal relationship with injury incidence. Therefore, the research question of this present review is: “Is there a relationship between changes in range of motion (ROM) during adolescent growth spurts in dancers and sportspersons and do these changes affect injury incidence?”

Furthermore, to investigate the research question the primary aim of this systematic review is to determine whether there are changes in range of motion during the progress through adolescence and growth spurts in dancers and sportspersons. The secondary aim is to determine whether these changes can predict the risk of injuries for adolescent dancers and sportspersons.

METHOD

Search Strategy

Using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Figure 1; Moher et al., 2009, 2015; Welch et al., 2016), the following databases were searched using MeSH terms, free text, keywords and subheadings relating to the research question of this present review (Appendix 1 in Supplementary Material).

1. Pubmed,

2. Cochrane Register of Controlled Trails (CENTRAL),

3. Cochrane Database of Systematic Reviews (CDSR),

4. EBSCO Host databases: CINAHL Plus, MEDLINE, SPORTDiscus, and Embase.
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FIGURE 1. Prisma flow diagram.



In addition, a manual search in the Journal of Dance Medicine and Science was performed for publications from March 1997 till March 2017 and screening of the reference lists of identified studies and reviews was conducted.

Criteria for Considering Studies for This Review (In-/Exclusion)

There were no restrictions for the type of studies and none for languages. Articles still in progress or not published yet were excluded. Adolescent pre-professional dancers and sportspersons participants aged 8–18 years of either gender were included. Adult dancers, professional dancers and sportspersons were excluded. For the outcome of this review, the focus was on growth spurt related to changes in ROM, injury incidence.

Study Selection

One reviewer (JMS) screened titles and abstracts of all studies identified by the search strategy. Potentially relevant studies were selected from each database and imported in EndNote X6. In EndNote X6 duplicates were removed. Forty-seven selected full-text articles were retrieved and reviewed. Consensus between two reviewers (MW and JMS) was used to resolve disagreements concerning the final inclusion of one study. Finally, 34 publications that did not meet the criteria (Table 1) were excluded. Seven studies met the inclusion criteria of this review (Figure 1).


Table 1. Characteristics of excludes studies.
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Data Extraction

The following information was systematically extracted by one reviewer (JMS): first author and year of publication, study design, participants (sample size of mean age), age, maturation (if assessed), intervention, outcome(s) and some notes of each study. After discussion between JMS and MW about the data extraction form, an agreement was reached and “the level of evidence” was added as a separate column (Table 2).


Table 2. Summary of included studies.
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Methodological Quality Assessment

For methodological quality assessment two reviewers (MW and JMS) independently appraised each included study by using Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) (von Elm et al., 2008). STROBE is a checklist of 22 items that relate to the title, abstract, introduction, methods, results, and discussion sections of articles. STROBE is limited to the three (cohort, case-control, cross-sectional) main observational study designs. However, STROBE contributes to a more transparent way of good reporting and generalizability of the research (von Elm et al., 2008). Table 3 shows the percentage from the total number of points of the qualified items for each included study of this review. The average percentage of all included studies is 74%.


Table 3. STROBE scores of the quality of reporting of included studies.
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The Research Triangle Institute Item Bank (RTI-IB) is chosen for evaluating the risk of bias and precision (Table 4; Viswanathan and Berkman, 2012; Viswanathan et al., 2013). It is a practical, transparent, consistent and validated tool used for evaluating risk of bias and precision of observational studies. It captures all of the risk of bias and precision domains (Viswanathan and Berkman, 2012). It is said that the median observed interrater agreement for the RTI-IB was 75% (Viswanathan et al., 2013). For a combination of all items of the RTI-IB it is 93.5% and there is a kappa statistic of 0.88 (Al-Saleh et al., 2012). The RTI-IB covers 11 domains: sample definition and selection, interventions/exposure, outcomes, creation of treatment groups, blinding, soundness of information, follow-up, analysis comparability, analysis outcome, interpretation, and presentation and reporting (Margulis et al., 2014).


Table 4. RTI-IB.
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A black-white figure (Figure 2) is inserted for visual representation of the outcomes of the RTI-IB. It is not easy to summarize all the results of the RTI item bank because there is no good reference to put all of the RTI item bank results together into a summary score (Margulis et al., 2014). Figure 2 shows the risk of bias in all studies (n = 7) using the RTI item bank.
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FIGURE 2. RTI-IB tool.



RESULTS

The whole search strategy process and outcome is shown in Figure 1. The search strategy revealed seven articles (Table 2). This present review is based on observational studies: six articles (Hewett et al., 2004, 2015; Quatman et al., 2006; Steinberg et al., 2006; Ford et al., 2010; Wild et al., 2013) have a cross-sectional nature and one study (Quatman et al., 2008) is a cohort. All included studies were published after January 2004 and written in English. The seven studies included a total of 3,418 participants. Four studies (Hewett et al., 2004, 2015; Quatman et al., 2008; Ford et al., 2010) included basketball and soccer players. One study (Steinberg et al., 2006) compared dancers with non-dancers. Another study (Wild et al., 2013) included 33 adolescent females and finally another study (Quatman et al., 2006) included basketball players. For assessing maturation, three studies (Hewett et al., 2004; Quatman et al., 2006; Ford et al., 2010) used the Pubertal Maturational Observational Scale (PMOS), three (Steinberg et al., 2006; Quatman et al., 2008; Wild et al., 2013) used the Tanner Scale and one captured maturation via estimates of percent adult stature (Hewett et al., 2015).

Participant Characteristics

Four studies (Hewett et al., 2004, 2015; Quatman et al., 2008; Ford et al., 2010) included basketball and soccer players. One study (Steinberg et al., 2006) compared dancers with non-dancers. Another study (Wild et al., 2013) included 33 adolescent females and finally another study (Quatman et al., 2006) included only basketball players as participants. The seven studies included a total of 3,418 participants. A detailed overview of the participant characteristics of all the seven included studies can be found in Table 2 of this systematic review.

Changes in Range of Motion During the Progress Through Adolescence and Growth Spurts

All seven included studies (Hewett et al., 2004, 2015; Quatman et al., 2006, 2008; Steinberg et al., 2006; Ford et al., 2010; Wild et al., 2013) showed changes in range of motion during adolescence growth spurts. However, different intrinsic (participants) and extrinsic (e.g., interventions, measurements) factors, (in)dependent variables and covariates needed to be considered when investigating the changes in range of motion during the progress through adolescence and growth spurts.

Four studies (Hewett et al., 2004, 2015; Quatman et al., 2006; Ford et al., 2010) used the Drop Vertical Jump (DVJ) as a dependent variable. These four studies measured different variables during a DVJ. One study (Ford et al., 2010) estimated active joint stiffness of the ankle, knee and hip. The participating adolescence males and females in this study showed an increased active knee stiffness during the DVJ over the span of a year (P < 0.05). Males had greater magnitudes of ankle and hip active stiffness (P < 0.05) during their growth spurts compared to females. In the post pubertal group, the peak ankle, and hip moments of the males were significantly greater than post-pubertal females (P < 0.05). Females had a higher knee to hip moment ratio than males (P < 0.05).

Secondly, another study (Hewett et al., 2004) measured the dynamic control of the knee joint by assessing medial knee motion and performed measurements of the lower-extremity valgus angle by assessing knee joint torques. During the progress of maturation, the female athletes had a greater total medial motion of the knees and a bigger maximum lower-extremity valgus angle than did the male athletes during the landing of a jump. Male athletes showed an increased quadriceps peak torque during their process of adolescent growth, whereas girls did not. However, in the prepubertal (p < 0.01), early pubertal (p < 0.05), and post pubertal (p < 0.01) stages hamstrings peak torque was significantly lower in the females than it was in the males. After maturation, the female participants showed more decrease in flexor torques and more differences between the maximum valgus angles of their dominant and non-dominant lower extremities compared with the male participants.

Thirdly, a study (Hewett et al., 2015) determined if there was a relation between skeletal growth and increased knee abduction moment (KAM). This study reported that adolescent females had more increased peak KAM and knee abduction angles (KAA) compared to adolescent males. KAM was at the highest in females at peak height velocity (PHV). After maturation the KAM peak increases in both females and males and after PHV dynamic knee control recovered in male participants and dynamic knee stability is getting less in females. Females showed an increased lower extremity bone length related to greater KAA during maturation, whereas males did not. In conclusion, there seems to be a relationship between increases in peak KAM during and after PHV and increased risk of ACL injury in females.

Finally, the last study (Quatman et al., 2006) of these four studies measured the ground-reaction force (GRF) and vertical jump height (VJH). In this study, male athletes showed increased vertical jump height (VJH) during adolescence growth (P < 0.001), whereas female athletes did not. Males significantly had less landing GRF) (P = 0.005) compared with females. Take-off force only decreased in females (P = 0.003). During maturation, the loading rates decreased in both males and females (P < 0.001). Hence, females showed higher loading rates than males (P = 0.037) during the progress of adolescence (Quatman et al., 2006).

The three other included studies (Steinberg et al., 2006; Quatman et al., 2008; Wild et al., 2013) focused on different kind of intrinsic factors during the adolescent growth spurt. The first study of these three (Quatman et al., 2008) showed a greater generalized joint laxity in females than in males following the onset of puberty. Females showed increased generalized joint laxity scores between pre-pubertal and post-pubertal groups (P = 0.042) as measured by the Beighton and Horan Joint Mobility Index (BHJMI), while males did not (P = 0.582). This demonstrates a significant change in laxity during maturation.

Secondly, the other study (Steinberg et al., 2006) showed no changes in range of motion in combined ankle and foot plantar flexion, ankle plantar flexion and hip external rotation in dancers compared with non-dancers. Non-dancers showed a decrease of range of motion with age. Compared to dancers, only ankle dorsiflexion showed a greater ROM in the non-dancer group. The ROM of knee flexion, hip flexion and hip internal rotation decreased with age in both groups. The ROM of hip abduction decreased with age in dancers and stayed the same in non-dancers. Hip extension increased in both groups. The range of motion of the lower back and hamstrings increased with age in dancers and did not change among non-dancers.

Finally, a study (Wild et al., 2013) found a significant effect (P = 0.002) of changes on anterior knee laxity over time during adolescent growth. The oestradiol concentration did not change over time (P = 0.811). Furthermore, participants showed a significant increase (P < 0.05) in isokinetic quadriceps strength over time, but there was no increase in isokinetic hamstring strength over time. This study (Wild et al., 2013) also showed evidence for a significant decrease in hamstring flexibility just before PHV.

Growth (Spurts) and the Risk of Injuries

During adolescence, the body undergoes major hormonal changes that is accompanied with rapid growth; however, little has been published on how estrogen changes the musculoskeletal system during the growth spurt in girls. One study (Tanner et al., 1976) showed that girls were growing at a rate of 8–10 cm-yr−1 during the PHV with greater peak velocity for lower limb growth (4.3 cm-yr−1) occurring before the PHV and for torso growth (4–4.5 cm-yr−1) after the time of PHV (Tanner et al., 1976). Furthermore, it is mentioned that the growth process within the lower limb is not constant over time (Tanner, 1962). Because of the fast increase in height and the fact that the growth process within the lower limb is not constant over time, girls may show a reduction in lower limb flexibility during their growth spurts, which can contribute to an increased risk of lower limb injuries (Wild et al., 2013).

Musculoskeletal Changes

Males display an increase of velocity in the development of the strength in their quadriceps and hamstrings during PHV and throughout the growth spurt that is not mirrored in females.

Knee flexor and extensor muscles are the most direct active knee joint stabilizers that may protect against an injury during dynamic loading conditions (Ford et al., 2010). Musculoskeletal disbalances between increased quadriceps strength and increased knee laxity at one side and no hamstring strength development at the other side during the adolescent growth spurt in girls, might contribute to a decrease in knee joint stability during landing tasks (Wild et al., 2013) and may contribute to an increase in the risk of anterior cruciate ligament (ACL) injury.

Decrease in Neuromuscular Control

There is a difference in neuromuscular patterns between males and females during maturation. Males demonstrate increases in power, strength, and coordination when they are growing older during their maturational stage, whereas females show little change throughout maturation (Hewett et al., 2004; Quatman et al., 2006). During puberty, the increase in vertical jump height and decrease in landing force in male athletes may be caused by a neuromuscular spurt. There is an absence of similar neuromuscular adaptations in female athletes which could be the cause of the reported higher incidence of ACL injuries in females than in males (Hewett et al., 2004). Following the onset of the pubertal growth spurt, the different way of landing from a jump in females may be due to a decreased neuromuscular control of the knee caused by musculoskeletal changes (Hewett et al., 2004). It is due to these musculoskeletal changes and a decrease in neuromuscular control that female athletes showed higher GRFs and higher loading rates at landing compared with males, thereby explaining their higher risk for injury (Quatman et al., 2006).

Decrease Dynamic Stability of the Knee

The neuromuscular imbalances in adolescent females can contribute to decreased dynamic knee stability (Quatman et al., 2006; Hewett et al., 2015). One study (Quatman et al., 2006) showed that after PHV the tibia and femur length increases, whereas knee flexor strength and recruitment did not. These disbalances during puberty show that growth plays an important role in the mechanism of increased dynamic peak KAM.

This can be a predictor of ACL injury (Hewett et al., 2015).

Joint Stability and Joint Range of Motion

Males and females have the same BHJMI scores before puberty, but it is during puberty that generalized joint laxity increases in female athletes and not male athletes (Quatman et al., 2008). This increase in joint laxity associated with the onset of puberty in females may be related to dynamic instability of the knee, which can lead to a higher risk of ACL injury in female athletes.

The difference in ROM between dancers and non-dancers during their life period of becoming a dancer (ages 8–16 years) depends on different type of joints, movement and age (Steinberg et al., 2006). Steinberg et al. (2006) also showed that hip extension increased in both groups. Hence, dancers' ROM does not improve or decrease with age but rather is preserved.

In short, during the progress through adolescence and growth spurts musculoskeletal changes can lead to; (1) a decrease in knee joint stability during landings from a jump, (2) a decreased neuromuscular control of the knee, (3) the inability to improve neuromuscular control due to pubertal changes, (4) a decrease in dynamic stability of the knee, (5) an increased dynamic peak KAM, (6) an increase in joint laxity and hormonal changes associated with maturation in females. All of these factors may be contributing to changes in ROM and may be related to an increase in the risk of lower extremities. This may explain why the risk of ACL injury is higher in female athletes than in male athletes after puberty.

DISCUSSION

The present review is the first to investigated whether there are changes in range of motion during the progress through adolescence and accompanying growth spurts in dancers and sportspersons and if these changes can predict the risk of injuries for adolescent dancers and sportspersons.

Summary of Main Results

Seven observational studies met the inclusion criteria of this current review and included young adolescent dancers, non-dancers, and sportspersons (Hewett et al., 2004, 2015; Quatman et al., 2006, 2008; Ford et al., 2010; Wild et al., 2013). Young adolescent dancers are at risk for injuries as the result of the inherent demands of dance and the biomechanical changes that occur during growth (Poggini et al., 1999; Caine et al., 2015, 2016). When changes in range of motion during the progress through adolescence and growth spurts are investigated, there need to be considered a lot of variables; intrinsic and extrinsic factors, (in)dependent variables and covariates.

Range of Motion

Unfortunately, there are a few data available on ROM in dancers compared to non-dancers of the same age and relationship between the changes in ROM during the progress through adolescence and growth periods. Steinberg et al. (2006) reported that only ankle dorsiflexion had a greater ROM in the non-dancer group compared to dancers. However, in this study ankle dorsiflexion was only measured in the “parallel” position with extended knees, whereas both demi-plié and grand-plié take place with the hip in full turnout and the knees flexed (Steinberg et al., 2006). It must also be noted that although the authors discussed their study's limitations, they did not include confounding aspects such as the difference in sample size between the two groups, the control group was particularly small compared to the dance group.

Intrinsic and Extrinsic Factors

Many authors suggest that intrinsic characteristics, which have a relationship with dance injuries can be measured (Gamboa et al., 2008), though just a few studies have focused on the relationship between measurement of intrinsic characteristics and dance injuries (Gamboa et al., 2008). Research had shown that the prevalence of injury is higher with age and an increase in dance exposure (Bowerman et al., 2015). Extrinsic factors may also have an influence on injury (Coplan, 2002; Negus et al., 2005). It is during the progress through adolescence and growth spurts that students are increasing the intensity of dance training. Therefore, it is difficult to establish if a higher risk of injury is due to age or growth or is a result of more hours of dance training or a combination of all three (Bowerman et al., 2015). The lack of evidence for the increase of ACL injuries may be due to the difficult way of tracking growth and maturation in adolescents, caused by confounding variables (covariates) that are difficult to monitor and control for (Bowerman et al., 2015).

Injuries

There are several potential risk factors, which places adolescent dancers in the position of suffering a higher risk of overuse injuries, especially lower extremities. These potential risk factors includes growth, the onset of menarche, maturation, menstrual irregularities and poor lower extremity alignment (Bowerman et al., 2015). In addition to different physical demands in ballet, possible explanations for gender differences in injury rates may be hormonal in nature or anatomically based (Caine et al., 2006). Pubertal hormonal changes may have a relationship with increased risk of ACL injury in adolescence females. Estrogen can affect the structure and composition of the human collogen, which can lead to joint laxity (Wild et al., 2013). In this study (Wild et al., 2013) the flexibility of the participants were measured by using joint range of motion tests. However, there were no changes found in hamstring, quadriceps or iliopsoas muscle flexibility noted over time. In this study (Wild et al., 2013) there were hormonal measurements every 4 months, but this may not have been sensitive enough to detect subtle changes in estrogen, lower limb flexibility and potential “at risk” times during the adolescent growth spurt in girls. Also the precise timing of peak lower limb growth was lacking and variables as covariates were not taken into account. Despite all this, it has been speculated that rapid growth, musculoskeletal and hormonal changes might contribute to an increase in knee joint instability during landing tasks. This may cause an increase of ACL injury incidence during the adolescent growth spurt in girls (Wild et al., 2013).

The Risk of Injuries

There are other risk factors mentioned for the risk of injuries during the adolescent growth spurt. One study (Ford et al., 2010) investigated if gender had an influence on the relationship between neuromuscular risk factors and knee stiffness during puberty. This study showed that no sex differences were observed in external knee flexor moment and that vertical jump height increased with increased stiffness in males performing the DVJ. It is important to realize that appropriate levels of active joint stiffness, neither insufficient nor excessive, likely results in poor performance or increased risk of excessive joint load and, ultimately, increased risk of joint injury. So, increased stiffness appears to be associated with increased performance. However, this study had different group sizes. There were large pubertal and post pubertal female groups compared with small male groups. Another article (Steinberg et al., 2013) identified the types of injuries for recreational dancers and examined their association with extrinsic and intrinsic factors. This study divided the variables into dependent and independent variables. The conclusion of this study was that joint range of motion and scoliosis can be a potential risk factor for future injury. Secondly, a study also concluded that there is an association between joint range of motion and injuries for many sport disciplines (Gamboa et al., 2008). Another study showed significant associations between hypo and hyper joint range of motion and injuries (Ritter and Moore, 2008).

Neuromuscular Changes

Neuromuscular changes can increase the risk of injuries during the progress through adolescence and growth spurts. It is during this adolescent growth spurt that the tibia and femur grow very fast in both males and females. This can lead to increased torques on the knee joint (Hewett et al., 2004). Due to an increase height and weight the body mass is changing during the onset of puberty. This makes the muscular control of the body more challenging and increases the risk of injury (Hewett et al., 2004). Female athletes showed little neuromuscular changes during the adolescent growth spurt. These little neuromuscular changes may contribute to neuromuscular imbalances and decreased dynamic knee stability (Quatman et al., 2006; Hewett et al., 2015). These disbalances during puberty show that growth plays an important role in the mechanism of increased dynamic peak KAM. This can be a predictor of ACL injury (Hewett et al., 2015). Unfortunately, in this study (Hewett et al., 2004), the number of participants in the female groups differs from the male groups throughout every maturation stage and this study had a cross-sectional nature. Furthermore, two included studies of this present review (Hewett et al., 2004, 2015) had several confounding variables that were not controlled: school, team, age/grade, aggressiveness, foot pronation, quadriceps angle, femoral notch width and blood hormone levels. In short, the high risk of ACL injury in female athletes after maturation may be related to their failure of improving neuromuscular control during puberty (Quatman et al., 2006) as reported in equivalent aged males (Hewett et al., 2004). The positive neuromuscular changes in male athletes manifested themselves in not only being able to generate more power (jump height) but also to control resultant forces, a decrease in ground force reaction on landing (Quatman et al., 2006). For females, the increased landing forces accompanied by a decrease in dynamic knee stability may be a factor in their higher risk of ACL injuries. Despite the differences in neuromuscular patterns between males and females during the progress of adolescence, only a few number of studies have focused on the effects of the differences in neuromuscular patterns and performance between males and females. Unfortunately, most of these reports are cross-sectional in nature and not longitudinal.

Joint Laxity

Before the onset of puberty, males and females have the same BHJMI scores. It is during puberty that generalized joint laxity increases in female athletes and not male athletes (Quatman et al., 2008). This increase in joint laxity may be related to the failure of improving neuromuscular control and an increase of dynamic instability of the knee, which is caused by poor dynamic knee control as a result of the influence of intrinsic factors during puberty (Quatman et al., 2006). However, it need to be considered that the reliability and reproducibility of generalized joint laxity testing used in this study (Quatman et al., 2008) can be relatively low. Hence, this limitation was minimized and the intra-rater reliability tested for this individual was high.

LIMITATIONS

In this current review there are some limitations: there were seven included studies, six of which had a cross-sectional nature and therefore changes over time within the participants could not be determined. Secondly, the generalizability of the findings can be limited for dancers because four of our included studies only focused on soccer and basketball players. One reviewer (JMS) did the search strategy. However, the whole search strategy was done twice by the same author. Another limitation of this present review is that all seven included articles mostly focused on changes in ROM and the risk of injuries in lower extremities, not all joints.

CONCLUSION

The results of this review suggest that there are changes in ROM during the progress through adolescence and growth spurts in dancers and sportspersons. These changes may lead to an increase in injury incidence. However, all seven included articles of this present review mostly focused on changes in ROM and the risk of injuries in lower extremities and not all joints. This current review showed that different intrinsic and extrinsic factors, (in)dependent variables and covariates need to be considered when investigating the changes in ROM during the progress through adolescence and the relationship of these changes in ROM with the risk of injury.

In conclusion, there is evidence linking to changes in ROM during the progress through adolescence and the growth spurts in dancers and sportspersons. These changes in ROM may be related to injury incidence. Due to the fact that most included studies in this present review were cross-sectional nature, changes over time within the participants could not be determined. Therefore, further prospective, longitudinal studies are required to investigate the changes in ROM during the progress through adolescence and the relationship of these changes in ROM with the risk of injury.

NEW FINDINGS

This present review is the first review that investigated whether there are changes in range of motion during the progress through adolescence and growth spurts in dancers and sportspersons and if these changes can predict the risk of injuries for adolescent dancers and sportspersons. This current review showed that there is evidence linking to changes in ROM during the progress through adolescence and growth spurts. These changes in ROM may be related to injury incidence.
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st decreases.

Quatmen et al, 2006 Cohort;a 2 Fomalo;n = 16, mde;  12.6-148 years Propubertal (IS),  DVJ: ground-roaction  Tho mao athltos showed 1 male athlte was excluded
prospecive, = 17. Partcipants early pubertal (TS force and vertcal jump  ncreased vertioal lump height  because of data colecton ertor.
controled, were evaluated or 2 111, post-pubertal  height were measured.  with maturation (P < 0.001): The female and male groups wore
ongitucinal ‘consecuve years. (IS V) asad on femalo aihitos did not. Maes ot haight and weight matched.
aboratory study Sudjects are PMOS) signifcantly recuced thek landing

preadolescent and grouncreaction force (P= 0.006),
adoescent male and females did not. Take of force
fomalo atretes docrcasod in fomalos P = 0.000),
(middle and high notin males. Both males and
school, Participants females had decreased loading
wero included i they ratos vith maturation (P < 0.001)
were dassifed as but females had higher loading
puberta during the rates at botn stages of maturation
st yoar of tosting and (P=0.087) comparodto malos.
‘post pubertal duting

the second year

Quatman et al 2008 Cross- 11-18 years Pro-pubertal IS Generaized ointlaxty  Femalos showed increased S (Tanner Staging) was not used.

socional/cohort f.pubertd 1S assessedusingtho  ganeraized jon laxly scores The reliabiity and reproducbilty o
i) post-pubertal  Beighton and Horan  between pre-pubertal and the generalized foint iy testing
s Joint Mobiity Index post-pubertal groups (P = 0.042), ~ can be discussed. Another
(BHIM). whio males didnot (P = 0562 fmitation can bo tho.
Gender ifierences in BHIMI cross-sectonal nature; changes.
score was found al puberty and  over time within the perticpants
post-puberty (P<0.001). cannot bo capturod.

Steinberg ot . 2006 Cross-sectonal 3 Fomalo;n=1320  8-16years Range of motionwas  Combined ankle andifoot plantar  There is alarge sample o dancers
(dassicalballt, measured fr the ip,  flexion (pointe), ankl plantar compared 10 small contrl
modom danco, oz, knoo, anke, footand flxion and hip extemal rotation  group and the cross-sectional
et and a control spinal joints. showedno changeinrange o nature can be amiation.
‘group of non-dancers; motion n dancers. Rango of
n=226 moltion dimirishod with ago i the

non-dancers. For anklo

dorsfsion, neither group

showed any change with age and

range of motion was significanty

more increased in the non-dancer

group. The range of moton

decreased with ago n both

groups for knee flexion, hip

fexion, and hip intermal otaton.

The ROM of hip atxuction

decreased with age in dancers

and did not chango inthe

non-dancers. For hip oxtension

the range of motion increased in

both groups. The rangs of motion

ofthe lower back and hamstings.

increased among dancers with

ago and remaied constant

among non-dancers.

Wid et al 2013 Longtudinl 3 10-13 years TShand4-6 Pariciparts were Asigniicant (P = 0.002) efect of 9 paricipants wers exchuded.

months from the  tested up to four imes.  ime on anterior kneo laxity was  Fomales were excluded i hey did
PHY duringth 12 months found fom the timo of PHVE no ot meet the developmental

of their growth spurt,
according o the
timing of thoir maturity
offse (st 1: maturity
offsot = ~610—4
month; test 2
maturity offset = 0
months; test 3:
maturity ofisot = +4
months; tost 4:
maturity ofiset = +8
months). During each
testing session,
anteror knoo it
owor b foxibity
andisokinetic strength
as ol as saiva
measures of estradiol
concentration wero
measured.

changss in estradiol concentration
showed up over time (P = 0.811).
Participants displayed a signficant
increase (P < 0.0 inisokinetic
quadriceps strength over time,
with no apparen increase in
sckinetic hamstring strength.

inclusion ciiteia, had a lower mb
injury that prevented them from
‘comploting tho oxporimontl task
‘or had begun menstrualing. The
‘hormonal measurements, which
‘were done every 4 months may
ot have beon sensitve enough to
detect subtle changes in estrogen
during the growth spurtin

fomaes.

PMOS, Pubertal maturationel observational scale; DVJ, Drop vertical jump; TS, Tanner (scale) stages; KAM, Knee abduction moment; KAA, Knee abuction angles; GRF, Ground reaction force; PHY, Peak height velocity: peak growth

in height during the adolescent growth spurt; BHJMI: Beighton and Horan Joint Mobility Index.
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