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SUMMARY 1 

Less is known on bone mass gains in dancers involved in vocational dance training. The present study found 2 

that, as young vocational dancers progress on their professional training, their bone health remains consistently 3 

lower compared to non-exercising controls. Endocrine mechanisms do not seem to explain these findings.  4 

 5 

ABSTRACT 6 

Purpose Little is known on bone mass development in dancers involved in vocational training. The aim of the 7 

present study was to model bone mineral content (BMC) accruals and to determine whether circulating levels of 8 

oestrogens, growth hormone (GH) and insulin-like growth factor I (IGF-1) explain differences in bone mass 9 

gains between vocational dance students and matched-controls. 10 

Methods The total of 67 vocational female dancers (VFD) and 68 aged-matched controls (12.1±1.9yrs and 11 

12.7±2.0yrs at baseline, respectively) were followed for two consecutive years (34 VFD and 31 controls 12 

remained in the study for the full duration). BMC was evaluated annually at impact [femoral neck (FN); lumbar 13 

spine (LS)], and non-impact sites (forearm) using DXA. Anthropometry, age at menarche (questionnaire) and 14 

hormone serum concentrations (immunoradiometric assays) were also assessed for the same period. 15 

Results VFD demonstrated consistently reduced body weight (p<0.001) and BMC at all three anatomical sites 16 

(p<0.001) compared to controls throughout the study period. Menarche, body weight, GH and IGF-1 were 17 

significantly associated with bone mass changes over time (p<0.05) but did not explain group differences in 18 

BMC gains at impact sites (p>0.05). However, body weight did explain the differences between groups in terms 19 

of BMC gains at the forearm (non-impact site). 20 

Conclusion Two consecutive years of vocational dance training revealed that young female dancers demonstrate 21 

consistently lower bone mass compared to controls at both impact and non-impact sites. The studied endocrine 22 

parameters do not seem to explain group differences in terms of bone mass gains at impact sites. 23 

 24 
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INTRODUCTION 34 

Bone tissue is constantly renewed by the coordinated activity of osteoclasts (bone-resorbing cells) and 35 

osteoblasts (bone-forming cells) in a process known as bone remodelling [1]. This process is regulated by both 36 

local factors and systemic hormones [2,3]. The release of growth hormone-releasing hormone in the 37 

hypothalamus stimulates the production of growth hormone (GH) from the pituitary gland [2]. GH acts on its 38 

primary target - the liver - where it stimulates the production of insulin-like growth factor I (IGF-1) [3]. GH and 39 

IGF-1 regulate bone cells by enhancing osteoblast activity [4], reducing osteoblast apoptosis and promoting 40 

osteoblastogenesis through stimulation of Wnt/β-catenin activity [3]. Relatively low GH and IGF-1 levels are 41 

associated with low bone mineral density (BMD) [5,6].  42 

 GH and IGF-1 activities decrease with age [7], but they are particularly up-regulated during the 43 

growing years [6,8]. Rising levels of gonadal steroids (specifically oestrogens) during growing (particularly 44 

during early puberty) are followed by rising activity of GH and IGF-1 [8]. This means that endocrine 45 

mechanisms during adolescence and puberty constitute important determinants of bone mass acquisition [9]. 46 

Delayed puberty has been reported to be associated with low bone mineral content (BMC) in children and 47 

adolescents [6]. Considering young athletes in aesthetic sports, cross-sectional studies have shown that these 48 

participants have delayed puberty [10,11], while low bone mass values at both impact and non-impact sites have 49 

also been reported in young athletes [12–14]. Dancing, for instance, is a demanding activity [15] where 50 

appropriate physical fitness is required for optimal performance [16]. At professional level, dance is 51 

characterised by incidents of burnout, high injury rates [17–19], and has been linked to reduced BMD levels 52 

even in young female vocational dancers (pre-professional) with an average age of 13 years [20]. Interestingly, a 53 

recent cross sectional study has shown that prior to vocational dance training, young female vocational dancers 54 

already revealed low bone mass parameters [21]. However, to our knowledge, no longitudinal study thus far has 55 

examined how bone mass changes as young vocational dancers progress on their vocational dance training. 56 

Further, less is known on the factors associated with BMD in young dancers [22]. Therefore, we conducted a 2-57 

years longitudinal study aiming at: 1) measuring BMC and BMD accruals in two groups consisting of female 58 

adolescent dancers and matched-controls, and 2) determining whether circulating levels of oestrogens, GH and 59 

IGF-1 could explain differences in bone mass gains between the two groups. 60 

 61 

METHODS 62 

Participants’ recruitment  63 

The present participants consisted of vocational female dance students (VFD). Since all dancers are subjected to 64 

auditions with an emphasis on leanness and low body weight [15], the study of these individuals could be 65 

insightful in order to understand different bone anabolic responses. Further, due to its nature, dancing also offers 66 

a great model of mechanical loading since it may differently affect the peripheral and axial skeleton. Dance 67 

training is characterised by numerous jumps and static technical skills that require high levels of muscular 68 

strength, inducing direct impacts on femoral neck (FN) and lumbar spine (LS) – impact sites - and no stimuli at 69 

the forearm (non-impact site) [15].  70 

Projected power to detect differences between dance students and controls was based on a prior study 71 

from our group that has measured cross-sectionally first year female vocational dance students (n=34, 72 
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10.90.7yr) and matched controls (n=30, 11.10.5yr) (unpublished data); BMC at the FN (dancers: 73 

2.950.69g/cm
2
; controls: 3.670.7169g/cm

2
) was selected as the main outcome given that literature suggests 74 

that in paediatric populations analysis on BMC outcomes should take precedence over BMD [23]. Assuming a 75 

5% error and 90% power, calculations indicated that a sample of 40 volunteers was required for the present 76 

longitudinal study (20 dance students and 20 controls). To recruit the necessary VFD, an introductory letter 77 

explaining the purposes of the study was sent to the executive boards of a vocational dance school which offered 78 

4-8 hours of dance training a day to professional dance aspirants. From the 106 female students that were 79 

enrolled at this vocational school for the academic year 2012/2013, 67 (63.2%) volunteered (no exclusion 80 

criteria for age were applied). All volunteers completed a questionnaire concerning their ethnicity (due to 81 

differences in bone mass according to ethnicities, only Caucasians were eligible for the study), physical activity, 82 

medical history and past/current calcium/vitamin D supplementation. None reported any 83 

medications/supplementation known to influence bone metabolism, nor reported illnesses/treatments that might 84 

affect bone metabolism; they described themselves as Caucasians and were involved in 16.36.5 hours of dance 85 

training per week. 86 

Female children and adolescent non-dancers were also recruited from two random local state schools to 87 

act as controls. Eligibility criteria for controls were set according to dancers’ characteristics (i.e. age and race). 88 

Exclusion criteria included current or past participation in sport activities outside their school curriculum, as well 89 

as those who had received/were receiving medications known to affect bone metabolism and to who reported 90 

illnesses/treatments that might affect bone metabolism. The total of 68 (17.4%) female students met the 91 

inclusion/exclusion criteria and were enrolled (participants had 2.4±0.5 hours/week of exercise physical 92 

education classes). Details on the participants’ recruitment appear in Figure 1. 93 

All participants provided signed informed consent according to the Declaration of Helsinki. The study 94 

was approved by the ethics committee of the Regional Administration of Health of Lisbon, Portugal 95 

(Proc.063/CES/INV/201 96 

 97 

Participants’ measurements  98 

Data were collected annually for three consecutive years, started at January 2013 and finished at March 2015. 99 

Annual collection occurred within the same period as the baseline measuring session. Specifically, information 100 

on bone mass, anthropometry, menarche and biological maturation were collected each January for VFD and 101 

each March for controls. Bloods were collected each January for both groups.  102 

All 67 (100%) VFD available for assessment at baseline (January 2013) underwent anthropometric and 103 

bone assessments and reported past/current menstrual status, but only 51 (76.1%) provided blood samples. From 104 

2013 to 2014, 12 new VFD were recruited, while 17 withdraw from the study due to dropout or injuries. In 2014, 105 

therefore, a total of 62 VFD underwent anthropometric measures, participated in bone measurements and 106 

reported past/current menstrual; 59 (95.2%) donated blood. From 2014 to 2015, an additional of 16 VFD 107 

withdraw the study for the reasons previously mentioned; a total of 46 VFD were assessed in 2015 [all 108 

underwent anthropometric and bone measurements, menarche, and 40 (87.0%) donated blood]. 109 

Considering controls, at baseline (March 2012), 68 (100%) controls underwent anthropometric 110 

measures, participated in bone measurements and reported menarche; 38 (55.9%) donated blood. From 2013 to 111 



 5 

2014, 24 controls withdraw the study due to family relocation or lost of interest; 44 were available for 112 

assessment: all 44 (100%) participated in anthropometric, bone measurements and reported menarche; 32 113 

(72.7%) donated blood. In 2015 an additional of 13 controls withdraw the study due to family relocation. From 114 

the 31 available for assessment in 2015, all underwent anthropometric, bone measurements and reported 115 

menarche; 23 (74.2%) donated blood. Details on the participants’ measurements appear in Figure 1.  116 

 117 

Anthropometry, menarche and maturation assessment 118 

Chronological age (obtained as decimal age) and anthropometric measurements were collected at one-year 119 

interval. Height, sitting height and body weight were measured in t-shirt, shorts and bare feet using a stadiometer 120 

(Seca217 portable stadiometer, Hamburg, Germany) with accuracy of 0.1 cm and an electric scale (TANITA 121 

BC-418 MA Segmental Body Composition Analyser; Tanita, Tokyo, Japan) with an accuracy of 0.1 kg.  122 

At one-year interval, age of menarche was determined by questionnaire or email during the follow-up. 123 

Biological maturity was assessed using the offset equation [24].  Based on this equation, the year(s) to/from peak 124 

height velocity (PHV) and an estimation of the age at PHV were predicted in all participants at one-year interval. 125 

 126 

Hormonal analyses 127 

Blood samples were collected early morning after an 8-hour fasting. In menstruating subjects, samples were 128 

collected during the follicular phase of the menstrual cycle (fifth and ten days after the onset of menstrual 129 

bleeding). Plasma oestrogens concentrations were assessed by electrochemiluminescence immunoassay (ECLIA) 130 

kit (06656021190 Estradiol G3 Elecsys cobas and 100, Roche Diagnostic Systems); the intra-assay and inter-131 

assay coefficient of variation (CV) were below or equal to 2.4% and 2.7%, respectively. Serum GH were 132 

evaluated by an immunoradiometric assay kit (IRMA GH, ref. IM1397) from IMMUNOTECH SAS, (Prague, 133 

Czech Republic); the intra-assay and inter-assay CV’s were below or equal to 2.7% and 7.1%, respectively. 134 

Serum IGF-1 concentrations were measured by an immunoradiometric assay kit (IRMA IGF-I, ref. A15729) 135 

from IMMUNOTECH SAS, (Marseille, France); the intra-assay and inter-assay CV’s were below or equal to 136 

6.3% and 6.8%, respectively. Blood samples were submitted to centrifugation at 2500g for 10 min; plasma and 137 

serum samples were stored at -80ºC for future analyses. 138 

 139 

Bone measurements 140 

BMC (g) and BMD (g/cm
2
) were determined for non-dominant forearm (33% radius), lumbar spine (L1-L4) 141 

(LS) and femoral neck (FN). Participants were assessed by the same experienced technician in two different 142 

centres, using the Lunar (GE Lunar Prodigy) and Hologic (Discovery Wi) dual-energy X-ray 143 

absorptiometry (DXA).  144 

Although a high correlation between Lunar and Hologic DXA BMD measurements has been previously 145 

established [25], there is a tendency for Lunar model to inflate BMD values by 15% compared to Hologic [26]. 146 

Therefore, a cross-calibration of the scanners was conducted using a group of 20 participants; the age of these 20 147 

participants covered the age-range of the current sample (both dancers and controls). These participants were 148 

measured with both Lunar and Hologic within a period of 5 days. Regression equations were then conducted 149 

using BMC and BMD values from Lunar as dependent variables and BMC and BMD from Hologic as the 150 
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independent ones. The correlation between the two DXA models were high (forearm BMD: r=0.96, adjusted 151 

r
2
=0.93; LS BMD: r=0.96, adjusted r

2
=0.92; FN BMD: r=0.97, adjusted r

2
=0.93; forearm BMC: r=0.98, adjusted 152 

r
2
=0.96; LS BMC: r=0.96, adjusted r

2
=0.92; FN BMC: r=0.94, adjusted r

2
=0.88). The Hologic BMC and BMD 153 

data were further converted to the Lunar data using the following equations: forearm BMD Lunar=-154 

0,085263+1,356535*Hologic; LS BMD Lunar = 0,030762 + 1,161805*Hologic; FN BMD 155 

Lunar=0,084782+1,116509*Hologic; forearm BMC Lunar=0,148564+1,117715*Hologic; LS BMC Lunar = 156 

7,143123 + 0,923483*Hologic; FN BMC Lunar = 0,079107+ 1,106219*Hologic. 157 

 158 

Statistical analyses 159 

Exploratory analyses were conducted using the SPSS 20.0 software (IBM SPSS, Chicago, IL) to check for the 160 

presence of outliers (via the Kolmogorov-Smirnov test); 2 dance students and 3 controls lied in abnormal 161 

distances from other values and were excluded. Independent t-tests were employed to compare general 162 

characteristics between dance population and controls at each measured occasion. Nonparametric tests (Mann–163 

Whitney test) were applied if the data were not normally distributed; this was the case for the GH, IGF-1 and 164 

oestrogens. Repeated measures ANOVA were utilised to compare characteristics between the two groups across 165 

the measurement occasions. Based on a multilevel approach (hierarchical linear models) applied to longitudinal 166 

data, SuperMix software (SSI - Scientific Software International, Inc.) was used to investigate the predictors (i.e. 167 

age, body weight, height, menarche, oestrogen, GH and IGF-1) of bone mass accrual over time in each 168 

anatomical site, and to determine if the aforementioned factors could explain differences between our two 169 

groups. These analyses are appropriate for study designs where data are organised in more than one level (in this 170 

case, participants are organized into two groups); multilevel models can be used without the assumption of 171 

homogeneity that is required by ANCOVA. Chronological age was used as the metric of time: time 0 172 

corresponds to mean value (on average around 12 years of age); negative values at X axis represents the number 173 

of years before mean chronological age, whereas positive values represent number of years after mean 174 

chronological age. The level of significance was set at p<0.05. 175 

 176 

RESULTS 177 

Table 1 shows the general characteristics of the current participants. At the onset of the study, participants had a 178 

mean chronological age of about 12 years (VFD: 12.11.9; controls: 12.72.0, p>0.05). Over time VFD always 179 

revealed a significantly lower body weight and BMC/ BMD values at all anatomical sites compared to controls. 180 

VFD had their menarche approximately one year later than controls (p<0.001), but the estimated age at PHV did 181 

not significantly differ between groups (~12 years old for both groups). Serum IGF-1 concentrations were 182 

significantly higher in dance students than controls at the 2yr follow-up year (p<0.001). When participants were 183 

aligned according to their age at menarche (Graph 1), VFD continued to display lower BMC at all anatomical 184 

sites compared to controls with the same age at menarche. In both groups (and at all anatomical sites), BMC 185 

gains decrease after menarche.  186 

Table 2 summarises the coefficients that a) predict bone mass changes over time, and b) identify 187 

potential factors that might explain differences in BMC/ BMD between groups (variable*group). The interaction 188 

between groups for BMC gains (i.e. chronological age*group) was not significant at impact sites; VFD always 189 
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revealed lower BMC values at these anatomical sites than controls throughout the 2-years study period. In 190 

contrast, the interaction chronological age*group revealed significantly positive values for BMC at the forearm 191 

(non-impact site) and BMD at all the other anatomical sites; baseline differences between groups in terms of 192 

bone mass values have been accentuated during the follow-up. Menarche and body weight were found to be 193 

significant predictors of bone mass accruals throughout the follow-up at all anatomical sites, whereas serum 194 

concentrations of IGF-1 were significant predictor only at the forearm (Table 2). GH also had a significant 195 

predictive effect on BMD at the FN and forearm. Nevertheless, when a group interaction were analysed, it was 196 

not found a significant interaction at impact sites (both FN and LS) between menarche*group and weight*group; 197 

these variables (menarche and body weight) did not explain group differences in bone mass gains at the FN and 198 

LS. However, a significant group effect was found at the non-impacted site (forearm), indicating that BMC and 199 

BMD accruals differ between groups according to body weight. We found no significant interaction between GH 200 

and IGF-1 with group (GH*Group; IGH-1*Group), meaning that GH and IGF-1 concentrations did not explain 201 

group differences in bone mass gains at the forearm when comparing VFD with controls. 202 

 203 

DISCUSSION  204 

It is generally accepted that both professional and VFD have increased odds for low BMD compared to non-205 

dancers [22,27]. However, the associated factors are not completely clear [22]. To the best of our knowledge, 206 

this is the first longitudinal study aiming to investigate bone mass accruals and its association with circulating 207 

levels of oestrogens, GH and IGF-1 in VFD. The main finding was the low BMC and BMD values displayed by 208 

dance students in relation to controls at baseline as well as the absence of a “catch-up” accrual throughout the 2-209 

years follow-up. Interestingly, endocrine mechanisms do not seem to explain differences between VFD and non-210 

exercising controls in terms of bone mass gains at impact sites. 211 

Bone mass accruals significantly increased during the follow-up in both groups, as well as circulating 212 

levels of oestrogens, GH and IGF-1. This was expected since our population was in a growing phase [28]. 213 

Clinical work revealed that growing bone is more responsive to mechanical loading than mature bone [29]; 214 

during puberty osteogenic hormones are likely to interact with physical exercise to positively affect bone mass 215 

accruals [29]. Considering our results, at 2-yr follow-up, IGF-1 serum concentrations were significantly 216 

increased in our VFD. These increments might reflect a dance training effect since higher circulating levels of 217 

serum IGF-1 has been documented in young athletes via GH-independent mechanism [3,30], leading to greater 218 

bone mass accruals than their non-exercising counterparts. However, in our dancers the higher increments in 219 

IGF-1 serum levels seem not to be translated into higher bone mass gains. Indeed, it would have been expected 220 

that bone mass differences between groups have lessen during the follow-up (particularly at impact sites), not 221 

only due to increasing levels of circulating IGF-1, but also due to the effects of dance training [31,32]; this was 222 

not the case. It seems unlikely that group differences were caused by delayed growth/maturity, as a) age at PHV 223 

and GH/oestrogens concentrations did not differ between groups, b) body weight was a significant predictor of 224 

bone mass differences between groups only at the forearm, and c) by comparing groups according to their age at 225 

menarche, VFD continued to display lower BMC at all anatomical sites compared to controls. Instead, we 226 

suggest that skeletal biological determinants might be involved as the dynamic actions of liver-derived IGF-1 in 227 

bone involve complex signalling pathways that might directly affect both osteoblasts and osteoclasts [4]. IGF-1 228 
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can either act on the commitment of mesenchymal stem cells to oesteoprogenitor cells [33], or induce RANKL 229 

synthesis in osteoclasts, leading to osteoclastogenesis [3]. Whether the aforementioned factors explain the low 230 

BMC and BMD values seen in our dancers compared to controls warrant further investigation.  231 

Bone mass formation and development are influenced by genetic and endocrine mechanisms that are 232 

modulated by environmental factors such as physical exercise [34,35]. Therefore the degree to which physical 233 

exercise influences bone formation depends on individual’s genetic background [35,36], and bone specific 234 

characteristics (e.g., cortical or trabecular bone) [37]. The fact that GH and IGF-1 serum concentrations were 235 

significantly associated with bone mass values only at non-impact sites (forearm), might indicate that gene-236 

environment factors are interacting differently in determining dancers’ bone mass phenotypes across skeletal 237 

sites. Moreover, the fact that body weight, a well-known risk factor for low bone mineralization, was found to be 238 

a significant predictor of group differences in bone mass gains at forearm, but not at impact sites, further 239 

supports the aforementioned hypothesis. Essentially, the absence of a “catch-up” bone mass accrual by dancers 240 

in relation to controls at the FN and LS was rather surprising. Other studies on athletic populations also found 241 

that adolescent runners with low bone mass values at baseline continued to display low bone parameters after 2-242 

yr follow-up [38]. The determinants of bone mass accruals in athletic populations may be influenced by specific 243 

sport adaptations and body characteristics used for selection purposes. Therefore, future studies on dancers (and 244 

on other elite athletes) should consider genetic markers as well as gene-environment interactions to further 245 

understand the pathogenesis of low bone mass parameters, particularly at weight-bearing sites. Poor diet and 246 

menstrual disturbances are also known to impair bone mass acquisition. We found that our sample of dancers 247 

had their menarche a year later than controls; interestingly though, this factor did not explain group differences 248 

in bone mass gains at impact sites (FN and LS). In fact, when VFD were compared to controls according to their 249 

age at menarche (and not by chronological age), dancers continued to display lower bone mass gains throughout 250 

the length of the study.  251 

Although this is the first study which longitudinally investigated bone mass accruals and bone 252 

osteogenic hormones in vocational dance students, our findings should be interpreted with caution. Firstly, the 253 

present data are observational and cause-effect cannot be determined. Also, although our sample of vocational 254 

dancers is large and well-defined considering the entire population of elite dance students performing at a 255 

national level (response rate was 63.2%), we nevertheless acknowledge that this sample size was relatively small 256 

for a longitudinal design. Further, our sample was going through a period of significant biological changes. This 257 

might explain the high variance of hormonal values in both groups, which reinforces the need for future studies 258 

with larger sample sizes. The clinical significance of low BMD lies on fractures. Another point might be that 259 

although the incidence of injuries in elite dancers is high [39,40], the relationship between injuries and bone 260 

mass phenotypes in has not yet been investigated. Future studies should establish the relationship among injuries 261 

and bone mass outcomes. Furthermore, the relationship between vitamin D and bone mass acquisition is well 262 

established. As our population of VFD trained indoors (meaning no vitamin D synthesis from sun exposure), 263 

future studies should also examine vitamin D serum levels in determining dancers’ bone health. Finally, the use 264 

of two different DXA scans to assess participants and the need to adjust the data for potential bias is a limitation. 265 

However, this approach has been previously used [41,42].  266 

 267 
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CONCLUSION 268 

Young female vocational dance students have lower bone mass values compared to matched-controls at both 269 

impact and non-impact sites throughout the 2-year follow up. Endocrine mechanisms do not seem to explain the 270 

differences in terms of bone mass gains between groups at impact sites.  271 

 272 

 273 

REFERENCES 274 

1. Jay FXMM. Disorders of bone remodeling. Annu Rev Pathol. 2011;6:121–45.  275 

2. Sharan K, Yadav VK. Hypothalamic control of bone metabolism. Best Pract. Res. Clin. Endocrinol. Metab. 276 

[Internet]. Elsevier Ltd; 2014;28:713–23. Available from: 277 

http://www.sciencedirect.com/science/article/pii/S1521690X14000554 278 

3. Locatelli V, Bianchi VE. Effect of GH/IGF-1 on Bone Metabolism and Osteoporsosis. Int. J. Endocrinol. 279 

[Internet]. 2014;2014:1–25. Available from: 280 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4132406&tool=pmcentrez&rendertype=abstract 281 

4. Ueland T. Bone metabolism in relation to alterations in systemic growth hormone. Growth Horm. IGF Res. 282 

2004;14:404–17.  283 

5. Canalis E, Agnusdei D. Insulin-like growth factors and their role in osteoporosis. Calcif. Tissue Int. [Internet]. 284 

1996;58:133–4. Available from: http://link.springer.com/10.1007/BF02526877 285 

6. Bonjour JP, Chevalley T. Pubertal timing, bone acquisition, and risk of fracture throughout life. Endocr. Rev. 286 

2014;35:820–47.  287 

7. Perrini S, Laviola L, Carreira MC, Cignarelli A, Natalicchio A, Giorgino F. The GH/IGF1 axis and signaling 288 

pathways in the muscle and bone: Mechanisms underlying age-related skeletal muscle wasting and osteoporosis. 289 

J. Endocrinol. 2010;205:201–10.  290 

8. Murray PG, Clayton PE. Endocrine control of growth. Am. J. Med. Genet. Part C Semin. Med. Genet. 291 

2013;163:76–85.  292 

9. Robson H, Siebler T, Shalet SM, Williams GR. Interactions between GH, IGF-I, glucocorticoids, and thyroid 293 

hormones during skeletal growth. Pediatr. Res. 2002;52:137–47.  294 

10. Pigeon P, Oliver I, Charlet JP, Rochiccioli P. Intensive Dance Practice Repercussions Growth and Puberty. 295 

Am. J. Sports Med. 1997;25:243–7.  296 

11. Georgopoulos NA, Theodoropoulou A, Leglise M, Vagenakis AG, Markou KB. Growth and skeletal 297 

maturation in male and female artistic gymnasts. J. Clin. Endocrinol. Metab. 2004;89:4377–82.  298 

12. Burckhardt P, Wynn E, Krieg M-A, Bagutti C, Faouzi M. The effects of nutrition, puberty and dancing on 299 

bone density in adolescent ballet dancers. J. Dance Med. Sci. 2011;15:51–60.  300 

13. Scofield KL, Hecht S. Bone Health in Endurance Athletes. Curr. Sports Med. Rep. 2012;11:328–34.  301 

14. Warren MP, Perlroth NE. The effects of intense exercise on the female reproductive system. J. Endocrinol. 302 

2001;170:3–11.  303 

15. Koutedakis Y, Jamurtas AZ. The dancer as a performing athlete. Sport. Med. 2004;34:651–61.  304 



 10 

16. Twitchett EA, Koutedakis Y, Wyon MA. Physiological Fitness and Professional Classical Ballet 305 

Performance: A Brief Review. J. Strength Cond. Res. 2009;23:2732–40.  306 

17. Koutedakis Y. “Burnout” in Dance - The Physiological Viewpoint. J. Danc. Med. Sci. [Internet]. 307 

2000;4:122–7. Available from: 308 

http://wlv.openrepository.com/wlv/bitstream/2436/7612/1/Burnout%2520in%2520Dance%2520.pdf 309 

18. Koutedakis Y, Frischknecht GV, Sharp NC, Budgett R. Maximal voluntary quadriceps strength patterns in 310 

Olympic overtrained athletes. Med. Sci. Sports Exerc. 1995;27:566–72.  311 

19. J. L, T. A, J. W, R. T, C. F, L. R. Blood flow restriction: An evidence based progressive model (Review). 312 

Acta Physiol. Hung. [Internet]. J. Loenneke, University of Oklahoma, Department of Health and Exercise 313 

Science, 1401 Asp Avenue, Norman, OK 73019-0615, United States. E-mail: jploenneke@ou.edu: Akademiai 314 

Kiado Rt. (Prielle Kornelia u. 19/d, Budapest H-1117, Hungary); 2012;99:235–50. Available from: 315 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed14&NEWS=N&AN=365687740 316 

20. Amorim T, Koutedakis Y, Nevill A, Wyon M, Maia J, Machado JC, et al. Bone mineral density in vocational 317 

and professional ballet dancers. Osteoporis Int. 2017;28:2903–12.  318 

21. Amorim T. Bone mass of female dance students prior to professional dance training: a cross-sectional study. 319 

PLoS One. 2017;12:1–11.  320 

22. Amorim T, Wyon M, Machado JC, Metsios GS, Flouris D, Koutedakis Y. Prevalence of Low Bone Mineral 321 

Density in Female Dancers. Sport. Med. 2015;45:257–68.  322 

23. The Section on Endocrinology. Bone Densitometry in Children and Adolescents. Pediatrics [Internet]. 323 

2011;127:189–94. Available from: http://pediatrics.aappublications.org/cgi/doi/10.1542/peds.2010-324 

2961%5Cnhttp://pediatrics.aappublications.org/content/127/1/189.full.pdf 325 

24. Mirwald RL, Baxter-Jones ADG, Bailey D a, Beunen GP. An assessment of maturity from anthropometric 326 

measurements. Med. Sci. Sports Exerc. [Internet]. 2002;34:689–94. Available from: 327 

http://www.ncbi.nlm.nih.gov/pubmed/11932580 328 

25. Pearson D, Horton B, Green DJ. Cross Calibration of DXA as Part of an Equipment Replacement Program. 329 

J. Clin. Densitom. 2006;9:287–94.  330 

26. Hagiwara S, Yang KES, Dhillon MS, Guglielmi G, Nelson DL, Genant HK. Dual X-ray Absorptiometry 331 

Forearm Software : Accuracy and Intermachine Relationship. J. Bone Miner. Res. 2000;9:1425–7.  332 

27. Robson B, Chertoff A. Bone Health and Female Dancers: Physical and Nutritional Guidelines. Int. Assoc. 333 

Danc. Med. Sci. [Internet]. 2010;1–4. Available from: 334 

http://c.ymcdn.com/sites/www.iadms.org/resource/resmgr/resource_papers/bone_health_female_dancers.pdf 335 

28. Mughal MZ, Khadilkar A V. The accrual of bone mass during childhood and puberty. Curr. Opin. 336 

Endocrinol. Diabetes. Obes. [Internet]. 2011;18:28–32. Available from: 337 

http://www.ncbi.nlm.nih.gov/pubmed/21102321 338 

29. Markou KB, Theodoropoulou A, Tsekouras A, Vagenakis AG, Georgopoulos NA. Bone acquisition during 339 

adolescence in athletes. Ann. N. Y. Acad. Sci. 2010;1205:12–6.  340 

30. Mohan S, Richman C, Guo R, Amaar Y, Donahue LR, Wergedal J, et al. Insulin-like growth factor regulates 341 



 11 

peak bone mineral density in mice by both growth hormone-dependent and -independent mechanisms. 342 

Endocrinology. 2003;144:929–36.  343 

31. Bonewald LF. The amazing osteocyte. J. Bone Miner. Res. 2011;26:229–38.  344 

32. Bonewald LF, Johnson ML. Osteocytes, mechanosensing and Wnt signaling. Bone. 2008;42:606–15.  345 

33. Crockett JC, Rogers MJ, Coxon FP, Hocking LJ, Helfrich MH. Bone remodelling at a glance. J. Cell Sci. 346 

2011;124:991–8.  347 

34. Delgado-Calle J. Do Epigenetic Marks Govern Bone Mass and Homeostasis? Curr. Genomics. 2012;13:252–348 

63.  349 

35. Jepsen KJ. Systems analysis of bone. Syst Biol Med. 2009;73–88.  350 

36. Xing W, Baylink D, Kesavan C, Hu Y, Kapoor S, Chadwick RB, et al. Global gene expression analysis in 351 

the bones reveals involvement of several novel genes and pathways in mediating an anabolic response of 352 

mechanical loading in mice. J. Cell. Biochem. 2005;96:1049–60.  353 

37. Ducher G, Prouteau S, Courteix D, Benhamou C-L. Cortical and trabecular bone at the forearm show 354 

different adaptation patterns in response to tennis playing. J. Clin. Densitom. [Internet]. 2004;7:399–405. 355 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/15618600 356 

38. Barrack MT, Van Loan MD, Rauh MJ, Nichols JF. Body mass, training, menses, and bone in adolescent 357 

runners: A 3-yr follow-up. Med. Sci. Sports Exerc. 2011;43:959–66.  358 

39. Allen N, Nevill A, Brooks J, Koutedakis Y, Wyon M. Ballet Injuries: Injury Incidence and Severity Over 1 359 

Year. J. Orthop. Sports Phys. Ther. 2012;42:781–90.  360 

40. Ekegrena C, Questedb R, Brodrick A. Incidence in pre-professional ballet dancers: incidence, characteristics 361 

and consequences. J. Sci. Med. Sport. 2014;17:271–5.  362 

41. Baxter-Jones ADG, Burrows M, Bachrach LK, Lloyd T, Petit M, Macdonald H, et al. International 363 

longitudinal pediatric reference standards for bone mineral content. Bone [Internet]. Elsevier Inc.; 2010;46:208–364 

16. Available from: http://dx.doi.org/10.1016/j.bone.2009.10.017 365 

42. Darelid A, Ohlsson C, Nilsson M, Kindblom JM, Mellstr??m D, Lorentzon M. Catch up in bone acquisition 366 

in young adult men with late normal puberty. J. Bone Miner. Res. 2012;27:2198–207.  367 

 368 

 369 



 12 

 


