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Abstract  17 

Objectives: To describe differences in bone outcomes according to biological age (years from peak 18 

height velocity, PHV) in male athletes participating in osteogenic (OS, football or soccer) or non- 19 

osteogenic (NOS, swimming or cycling) sports.  20 

Design: A 12-month longitudinal study. 21 

Methods: 104 adolescent male athletes (12-14 years old) were measured at baseline and after one 22 

year: OS group (n=37 footballers) and NOS group (n=39 swimmers and n=28 cyclists). Years from 23 

PHV (-2 to +2) was used as a maturational landmark. Bone mineral content (BMC) was assessed 24 

using DXA. Hip structural analysis assessed cross-sectional area (CSA), cross-sectional moment of 25 

inertia (CSMI) and section modulus (Z) at the femoral neck (FN).Trabecular bone score (TBS) 26 

assessed the trabecular texture of the lumbar spine (LS). . Quantitative ultrasound measured bone 27 

stiffness.. A multilevel regression model adjusted by hours of training was fitted. 28 
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Results: Compared to the NOS group, the OS group had significantly greater TBLH BMC from PHV 29 

to +2 years from PHV (from 9.5% to 11.3%, respectively); LS BMC from -1 year from PHV to PHV 30 

(from 9.8% to 9.9%); hip BMC (from 11.6% to 22.9%), FN BMC (from 12.0% to 15.9%), TBS (from 31 

4.2% to 4.8%) and stiffness index (from 11.9% to 23.3%) from -1 year from PHV to +2 years from 32 

PHV; and cross sectional area (CSA) (from 8.4% to 18.8%), section modulus (Z) (from 5.5% to 33 

22.9%) and cross sectional moment of inertia (CSMI) (from 10.6% to 23.3%) from -2 years from 34 

PHV to +2 years from PHV. In addition, there was a significant trend for the differences in bone 35 

outcomes (between groups) to increase with biological age (all p<0.05) except for LS BMC and TBS.  36 

Conclusions: These findings underline the differential bone response to different types of sport 37 

throughout the years surrounding PHV in male adolescent athletes.   38 

Keywords: bone ultrasound; DXA; hip structural analysis; maturity; peak height velocity; trabecular 39 

bone score. 40 

Clinical trial registration: ISRCTN17982776  41 
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 Introduction  42 

During puberty, there are important changes in stature, body size, proportions of muscle and 43 

fat mass 1, and also changes in bone mass as a result of increased bone size, which depend on both 44 

bone length and width 2. It is an important period to maximize bone accrual as the skeleton suffers 45 

rapid changes due to the processes of growth, modelling, and remodelling, with about a 5 % 46 

additional bone formed by every remodelling cycle compared to resorption 3. Also, bone mineral 47 

accrual depends on level of maturity and is site-specific (REF?). Previous longitudinal studies have 48 

concluded that the timing, pattern and magnitude of bone accrual is a highly-individualised process, 49 

and therefore, comparisons should be based on biological rather than chronological age 4. 50 

In this regard, using peak height velocity (PHV) during growth is a useful alternative 5. PHV 51 

is the period of time of maximum growth in stature and years from PHV is considered in terms of 52 

time before and time after the PHV 6. In boys, age at PHV occurs approximately between 13 and 14 53 

years old 6, and it is considered an appropriate marker of somatic maturity. During the period between 54 

-2 to 2 years from PHV, males and females accrue 39% of their adult total body bone mineral content 55 

(BMC), 43% of their adult lumbar spine (LS) BMC, 46% of their adult total hip BMC and 33% of 56 

their adult femoral neck (FN) BMC 2.  57 

Not only bone development is site-specific, but also the type of sport affects skeleton areas in 58 

a different way 7. Physical activity has been positively related to bone mass in adolescents 8. Weight-59 

bearing activities are known to increase bone mass with previous cross-sectional studies in children 9 60 

and adolescents 10 using dual energy x-ray absorptiometry (DXA). This previous studies suggested 61 

that those engaged in osteogenic sports (OS, i.e. football, basketball or handball) had higher BMC and 62 

areal bone mineral density (aBMD) compared to those engaged in non-osteogenic sports (NOS, i.e. 63 

swimming or cycling). This is due to the fact that bone development is dependent on the mechanical 64 

load produced during the specific sport practised and the forces applied on the skeleton that trigger 65 

bone modelling and remodelling 11.  66 

Bone strength and fracture risk depends not only on aBMD and BMC, but also on bone 67 

structure and strength 12. In this regard, Hip Structural Analyses (HSA) provides information about 68 

bone geometry of the FN, a clinically relevant site related to fracture risk 13. Another technique such 69 
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as quantitative ultrasound (QUS) provides useful information about the stiffness of the calcaneus, a 70 

robust indicator of bone density 14. A cross sectional study demonstrated that adolescent athletes who 71 

participate in OS have higher CSA, CSMI, Z and bone stiffness compared to NOS 10. Moreover, the 72 

trabecular bone score (TBS) of the LS can predict fracture risk and fragility of the LS 15. Although 73 

most of the knowledge about TBS refers to adult population, TBS usually increases with growth and 74 

may provide very valuable information about bone quality in young populations 16. To our knowledge, 75 

there is a lack of studies using the combination of these techniques in adolescent male athletes 17. 76 

Despite the established importance of the years surrounding PHV for the accrual of bone 77 

mass, there is limited evidence evaluating the effects of osteogenic and non-osteogenic sports on bone 78 

outcomes in male adolescent athletes, and combining DXA, HSA, TBS and QUS outcomes. 79 

Therefore, the aim of the current investigation was to investigate differences in bone outcomes 80 

according to years from PHV in young male athletes participating in OS (football) or NOS 81 

(swimming or cycling). We hypothesised that adolescent athletes engaged in OS will not only present 82 

greater bone outcomes when aligned against years from PHV compared to those in NOS, but also that 83 

the magnitude of the difference will increase with the level of maturity.  84 

 85 

Methods 86 

The present study shows a 12-month longitudinal analysis of sport participation as part of the 87 

longitudinal PRO-BONE (effect of a PROgram of short bouts of exercise on BONE health in 88 

adolescents involved in different sports) study, whose purpose, methodology and inclusion/exclusion 89 

criteria have been fully described elsewhere 18. The inclusion and exclusion criteria were: 1) male 90 

adolescents 12–14 years old, engaged (≥3 h/week) in osteogenic (football or soccer) or non-91 

osteogenic (swimming or cycling) sports for the last 3 years or more; 2) not taking part in another 92 

clinical trial; 3) not having an acute infection lasting until < 1 week before inclusion; 4) to be free of 93 

any medical history of diseases or medications affecting bone metabolism; 5) to be white Caucasian. 94 

For the present study, data were obtained at baseline (T0) during autumn/winter 2014/15 and 95 

at follow-up (T1) during autumn/winter 2015/2016 (mean difference of visits = 372 days). After 96 

exclusion of three participants who dropped out from the study before T1, the study sample was 97 
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composed by one hundred and four 12-14 year old adolescent male athletes. Baseline anthropometry 98 

and bone outcomes did not differ between those who withdrew and those who continued in the study 99 

(data not shown). 100 

Participants and parents/guardians were contacted through athletic clubs in the South West of 101 

England to participate in the study. Informative meetings were organized to explain the project and 102 

answer questions that could arise. At the end of these meetings, consent forms and information letters 103 

were given for consideration and reminders calls were performed to those that did not send the 104 

consent form to check whether they wished or not to participate.  105 

Written informed consent and assent was signed from parents and participants, respectively. 106 

The methods of the study have been approved by: 1) the European Commission (nº. 618496); 2) the 107 

University of Exeter (nº. 2014/766) and 3) the National Research Ethics Service Committee (nº. 108 

14/SW/0060). 109 

Body mass (kg) and stature (cm) were measured following standard procedures and body 110 

mass index (BMI, kg/m2) was calculated. 111 

Years from PHV was used as a maturational landmark due to its relevance in longitudinal 112 

studies 4, 5, and was predicted using age and height in a validated algorithm in healthy children 19, as 113 

follows: -7.999994 + (0.0036124 x (age x stature in cm)); R2 = 0.90; standard error = 0.5 years. Each 114 

participant had a chronological age and biological age (calculated as years from PHV) associated with 115 

each testing occasion. Biological age categories were constructed using 1-year intervals such that the -116 

1 year from PHV group included observations between -0.49 and -1.50 years from (ie, before) PHV, 117 

as performed in previous studies 2, 4. According to the participants’ characteristics, five groups were 118 

created (at -2 years from PHV, at -1 year from PHV, at PHV, at +1 year from PHV and at +2 years 119 

from PHV). 120 

A Lunar Prodigy DXA scanner (GE Healthcare Inc., Wisconsin, USA) was used to assess 121 

BMC (g), and whole body lean mass (g). The whole body (total body less head, TBLH), LS (L1-L4) 122 

and the mean of right and left hip scans (total hip, and femoral neck, FN) were used to measure BMC. 123 

All DXA scans and subsequent in-software analyses were completed by the same researcher and the 124 
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GE encore software (2006, version 14.10.022). The coefficients of variation have been reported in 125 

previous studies as 0.81% for TBLH BMC and 0.89% for LS BMC in 14-16 year olds 20. 126 

HSA software was used to estimate the hip geometry of the FN (the mean of right and left hip 127 

scans) and the following variables were used: 1) CSA (mm2), which is the total bone surface area of 128 

the hip excluding the soft tissue area and the trabecular bone; 2) Z (mm3), which is an indicator of 129 

maximum bending strength in a cross section; and 3) CSMI (mm4), which is an index of structural 130 

rigidity and reflects the distribution of mass in the centre of a structural element. The coefficients of 131 

variation of these variables have been reported in previous studies and range from 7.9 % to 11.7% 21. 132 

TBS is a DXA based technological tool that provides an index of bone microarchitectural 133 

texture in the LS that predicts fracture risk independently of aBMD 15. All TBS analyses were 134 

performed by the same trained researcher using the TBS iNsight Software (Medimaps, research 135 

version 3.0, Pessac, France). The coefficients of variation of TBS in relation to BMC are between 1.1 136 

to 1.9% 15.  137 

QUS measurements to measure bone stiffness were carried out by Lunar Achilles Insight (TM 138 

Insight GE Healthcare, Milwaukee, WI, USA). The real-time image of the calcaneus and the region of 139 

interest assure the reliability and validity of the measures in paediatric studies 22. Both feet were 140 

measured twice and the mean was calculated. Then, the mean of both means was used for statistical 141 

analyses. The precision data for QUS in children has been reported as 1.8% for stiffness 23. 142 

Statistical analyses were performed using SPSS version 22.0 for Windows (IBM Corp, New 143 

York, USA) and the significance level was set at p<0.05. Data were expressed as mean (standard 144 

deviation, SD) unless otherwise stated. Normal distribution of variables was checked and verified 145 

using Shapiro-Wilk's test and visual check of histograms. Independent sample t-tests (table 1 and 146 

supplementary tables 1 and 2) were performed to assess: descriptive differences between groups (OS 147 

and NOS) at PHV; differences in chronological age by years from PHV (from -2 to +2) and; raw 148 

differences in bone outcomes between OS and NOS groups by years from PHV (from -2 to +2), 149 

respectively. Hierarchical linear models (Figures 1 and 2) were constructed using a multilevel 150 

modelling technique commonly used in the analysis of the repeated measures/longitudinal data. Multi-151 

level modelling accounts for between-child variation by modelling within-child trajectories. This is 152 
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achieved by entering ‘years from PHV’ into the model as a random effect, thus allowing the ‘years 153 

from PHV’-related trajectories to vary for each individual child. In addition, analysis of covariance 154 

(ANCOVA) was used to assess mean-adjusted differences in bone outcomes between OS and NOS 155 

groups at each category of years from PHV (Figures 1 and 2). Hours of training was used as a 156 

covariate due to the significant differences observed between OS and NOS at PHV (see table 1). 157 

 158 

Results 159 

Descriptive characteristics of the participants at PHV by type of sport are shown in table 1. 160 

The OS group trained more hours per week compared to NOS group (p<0.001) but there were not 161 

significant differences in age, stature, body mass, BMI and lean mass between the OS and NOS 162 

groups. In addition, OS and NOS athletes did not differ in chronological age at any PHV 163 

(supplementary table 1).  164 

Results of unadjusted bone outcomes by years from PHV and type of sport are presented in 165 

supplementary table 2. Overall, all bone outcomes increased during growth both in the OS and NOS 166 

group. The OS group had higher values on all bone outcomes compared to the NOS. More 167 

specifically, CSA was higher from -2 to +2 years from PHV; hip BMC, FN BMC, Z, CSMI and 168 

stiffness index from -1 to +2 years from PHV; TBS from -1 to +1 years from PHV; LS from -1 year 169 

from PHV to PHV and; TBLH at -1, +1 and +2 years from PHV. 170 

Figure 1 presents BMC-adjusted data by years from PHV and type of sport. Compared to the 171 

NOS group, the OS group had significantly greater TBLH BMC from PHV to +2 years from PHV, LS 172 

BMC from -1 year from PHV to PHV and, hip and FN BMC from -1 to +2 years from PHV (all 173 

p<0.05). In addition, for TBLH, the interaction coefficient was 47.5g (p=0.012), so for every 1 unit 174 

increase in years from PHV, the BMC of those in the OS group goes up 47.5g more than those in the 175 

NOS group. For example, -2 years from PHV, the BMC of the OS group was 56.7g greater than the 176 

NOS group, yet +2 years from PHV, the BMC of the OS group was 246.7g greater than the NOS 177 

group. The interaction coefficient for hip was 1.9g (p=0.014) and for FN 0.1g (p=0.016). However, no 178 

interaction was found for LS (p=0.253). 179 
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Figure 2 presents HSA, TBS and stiffness index-adjusted data by years from PHV and type of 180 

sport. The OS group showed significantly greater values in CSA, Z and CSMI from -2 to +2 years 181 

from PHV compared to the NOS group. The OS group had significantly greater scores in TBS and 182 

stiffness index from -1 to +2 years from PHV compared to the NOS group. Moreover, for CSA, the 183 

interaction coefficient was 5.7mm2 (p=0.013), so for every 1 unit increase in years from PHV, the 184 

CSA of those in the OS group goes up 5.7mm2 more than those in the NOS group. The interaction 185 

coefficient for Z was 38.0mm3 (p=0.006), for CSMI was 642.0mm4 (p=0.014) and for stiffness index 186 

was 4.0 units (p=0.023). However, no interaction was found for TBS (p=0.712).  187 

 188 

Discussion  189 

The present study describes bone outcomes from -2 years before and +2 years after PHV, 190 

which represents a crucial period of bone development 4, 24. The main findings of this study are: 1) OS 191 

athletes had greater BMC, HSA estimates, TBS and stiffness index at a given years from PHV 192 

compared to NOS athletes; 2) the differences in bone outcomes between OS and NOS groups increase 193 

with biological age.  194 

In the present study, the OS and NOS groups showed a linear increase in all bone outcomes 195 

from -2 to +2 years from PHV, supporting the idea that bone accrual occurs because the remodelling 196 

activity is greater than  the resorption activity during puberty 3. For BMC-adjusted outcomes, 197 

differences between groups favouring the OS group became evident from -1 year from PHV at hip 198 

and FN, and from PHV at TBLH. In this regard, the lack of significant differences at -2 years from 199 

PHV might be affected the small sample size of each group at this PHV. The percentage of difference 200 

between groups from -2 to +2 years from PHV ranged from 5.7 to 11.3% for TBLH, from 4.8 to 201 

22.9% for hip and from 9.7 to 15.9% for FN. Our results did not show an interaction effect for LS 202 

BMC, and significant differences between groups were only observed from -1 year from PHV to 203 

PHV, favouring the OS group. In addition, we observed an almost significant trend in the differences 204 

between OS and NOS groups at +1 years from PHV (p=0.052). This can be due to the fact that the 205 

differences in bone tissue at each bone site are influenced by the environment and the type of specific 206 

actions of each sport 25. In our study, the type of sport practiced by the OS group is football, in which 207 
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the lower limbs suffer an important mechanical load, creating high strains that may be a powerful 208 

stimuli to increase bone mass 26. Besides, a previous study reported that the maximum speed in LS 209 

BMC occurs slightly later (approximately +0.7 years from PHV) compared to other sites, such as FN 210 

BMC that occurs at +0.5 years from PHV 24. Based on this, it could be that the bone accrual at LS 211 

may not have occurred at the same speed as in other regions shown in this manuscript.  212 

For comparison and discussion purposes, years from PHV from other investigations has been 213 

estimated using validated algorithms for boys and girls (both R=0.90) 19. In a previous cross-sectional 214 

study with adolescent athletes from this cohort we showed that the footballers at -1 year from PHV 215 

had 5 to 7% more TBLH aBMD and 10 - 12% more hip aBMD compared with swimmers and cyclists 216 

at PHV 10. Another cross-sectional study in adolescent athletes at +2 years from PHV concluded that a 217 

NOS group (swimmers) had lower BMC in the total body, lower limbs and LS compared to OS 218 

(gymnastics, basketball, and handball) 27. Moreover, adolescent male cyclists at +3 years from PHV 219 

showed a 10% lower BMC in the lower limbs compared to an active control group 28. A cross-220 

sectional study conducted in female swimmers at -1 year from PHV showed 5-17% lower aBMD at 221 

FN, pelvis and hip compared to footballers at -1 year from PHV 9. Similarly, an 8-month longitudinal 222 

study 29 comparing female swimmers at +1 year from PHV but footballers at +2 years from PHV 223 

showed swimmers had 25.3% lower aBMD at the hip than footballers. These results in NOS groups 224 

mostly agree with ours in swimmers and cyclists, who had lower BMC values not only at the hip and 225 

FN but also at TBLH compared to the OS group (footballers).  226 

In relation to bone geometry and bone quality, our results are in line with those of a cross-227 

sectional study with this cohort 10, in which footballers at -1 year from PHV had higher CSA, CSMI, 228 

Z and stiffness index (8-21%) compared with swimmers and cyclists at PHV. In the present study, the 229 

percentage of difference between groups from -2 to +2 years from PHV ranged from 8.4 to 18.8% for 230 

CSA, from 5.6 to 22.9% for Z, from 10.6 to 23.3% for CSMI and from 7.5 to 23.3% for SI. According 231 

to a previous review in 10 to 30 year-old athletes, the adaptations observed in bone geometry 232 

outcomes consequence of sports practice are different depending on the type of sport. This is due to 233 

the fact that the skeleton is adapted to the load resulting from sport-specific actions 7. As for the LS 234 

BMC, our results did not show an interaction effect for TBS which can be explained by the reasons 235 
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mentioned above but significant differences between groups were observed from -1 year from PHV. 236 

Since TBS assesses DXA images of the LS scans the same reasons as highlighted for LS BMC may 237 

explain the lack of interaction. TBS is a novel bone score parameter 30 of bone microarchitectural 238 

texture in the LS and little is known about its use in children. In this regard, a recent cross-sectional 239 

study, though in female adults, showed that footballers, squash players and power lifters had about 240 

2%, 3% and 4% higher TBS, respectively, compared with a NOS (swimmers) 30. Similar to our 241 

findings, a longitudinal study in girls at +4 years from PHV found that CSA in the FN increased more 242 

in footballers (3.2% vs. 2.3%) than swimmers after 8 months of sport participation 29. In other sports, 243 

Maimoun et al. showed that young girls at +1 year from PHV engaged in artistic gymnastics (OS) had 244 

greater CSA and Z (20.3% and 21.8%, respectively) compared to swimmers (NOS) at +2 years from 245 

PHV 26. These findings could be extrapolated to our study, in which the practice of OS promotes a 246 

higher CSA, CSMI, Z, TBS and stiffness index compared to that of NOS before and after PHV. 247 

A recent meta-analysis found that the differences between swimmers and the athletes of 248 

osteogenic sports increased with age 31. Similarly, our findings show that the difference in BMC 249 

outcomes, geometry outcomes and stiffness index between OS and NOS groups increase with 250 

biological age, from -2 to +2 years from PHV. This suggests that participation in NOS may affect the 251 

acquisition of a high peak bone mass (compared to that of OS) during adolescence. On average, 26% 252 

of adult total body BMC is accrued during the 2 years around peak BMC velocity 24 and achieving a 253 

high peak bone mass is essential to protect against future bone fractures and diseases 32. It has also 254 

been suggested that sport stimuli during childhood and adolescence may provoke a permanent change 255 

on bone metabolism that promotes enhanced accrual throughout growth 33. Therefore, we suggest the 256 

practice of OS during the years surrounding PHV (from -2 to +2), since it is an important period 257 

characterized by significant linear growth and BMC accrual 24 in order to contribute to the prevention 258 

of osteopenia and/or osteoporosis later in life. 259 

This is the first longitudinal study in male adolescent athletes to investigate the differences in 260 

bone quantity (BMC), bone geometry (HSA estimates), bone texture (TBS) and bone quality (stiffness 261 

index) between OS (football) and NOS (swimming or cycling) according to biological age. The 262 

combination of these techniques provides a thorough insight of bone health during adolescence. To 263 
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date, the number of studies using TBS in adolescent male population is very limited and further 264 

research is needed to better understand its use in young populations 17, 34. The number of scans in the -265 

2 years from PHV is relatively small and results should be treated with caution. Despite the present 266 

study covers the range of -2 to +2 years from PHV (33% to 46% of adult BMC is accrued in this 267 

period 2, future studies with longer follow-up periods will help to better understand bone changes in 268 

response to sport participation throughout the adolescence period. Our findings allow results to be 269 

compared between sport groups (OS vs NOS) but cannot be compared against non-athletic population 270 

due to the lack of a control group (we only had 14 control participants and therefore not enough for a 271 

study on biological maturation)Other factors, such as changes in weight and/or nutritional habits may 272 

also contribute to the differences between groups. Future studies in girls are needed as the timing of 273 

peak BMC accrual occurs at different periods between sexes 16, 35.  274 

 275 

Conclusion 276 

These findings suggest that participation in OS during adolescence promotes a greater 277 

improvement in bone quantity (BMC), bone geometry (HSA estimates), bone texture (TBS) and bone 278 

quality (stiffness index) compared to the practice of NOS. These findings underline the differential 279 

bone response to different types of sport throughout the years surrounding PHV in male adolescent 280 

athletes. 281 

 282 

Practical implications 283 

 This study provides evidence that osteogenic sport athletes (football) had better bone health 284 

compared to non-osteogenic sport athletes (swimming and cycling) at a given year from PHV. 285 

 Interestingly, the differences increase with biological age, which may have important 286 

implications for the achievement of a high peak bone mass in those engaged in non-287 

osteogenic sport athletes. 288 

 This has been explored by measuring bone quantity, geometry, texture and quality, which 289 

adds novelty to this research question. 290 

 From a public health and sport medicine perspective, this is especially important as football, 291 



12 
 

swimming and cycling are among the most practiced sports worldwide. 292 
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Figure 1. Bone mineral content (BMC) according to type of sport (osteogenic vs. non-osteogenic) 410 

aligned by years from peak high velocity (PHV), where 0 is the PHV. Results (mean and SEM) are 411 

adjusted by hours of training. TBLH, total body less head; LS, lumbar spine; FN, femoral neck. 412 

Asterisk shows significant differences between type of sports at each biological age category 413 

(p<0.05). 414 

 415 

Figure 2. Hip structural analysis (HSA) of the femoral neck (FN), trabecular bone score (TBS) of the 416 

lumbar spine (LS) and stiffness index of the calcaneus according to type of sport (osteogenic vs. non-417 

osteogenic) aligned by years from peak high velocity (PHV), where 0 is the PHV. Results (mean and 418 

SEM) are adjusted by hours of training. CSA, cross sectional area; Z, section modulus; CSMI, cross 419 

sectional moment of inertia. Asterisk shows significant differences between type of sports at each 420 

biological age category (p<0.05).  421 
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Table 1. Descriptive data at peak height velocity (PHV). 

  

Osteogenic sport 

(N=23) 

Non-osteogenic sports 

(N= 38) 

Age (years) 13.7 (0.4) 13.6 (0.4) 

Stature (cm) 161.9 (5.7) 163.7 (5.8) 

Body mass (kg) 49.4 (5.9) 51.7 (8.5) 

BMI (kg/m2) 18.8 (1.4) 19.2 (2.5) 

Lean mass (kg) 40.10 (5.32) 39.51 (4.85) 

Hours of training 9.4 (1.6)* 6.4 (2.9) 

Values presented as mean (SD).  

Differences between osteogenic and non-osteogenic sports at PHV * p<0.001  

BMI, body mass index. 
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Supplementary table 1. Number of scans and chronological age by years from PHV (PHV=0). 

Years from PHV 

Number of scans Chronological age (years) 

Osteogenic sport Non-osteogenic sports Osteogenic sport Non-osteogenic sports 

-2 9 4 12.1 (0.4) 11.7 (0.5) 

-1 27 28 12.7 (0.5) 12.5 (0.5) 

0 23 38 13.7 (0.4) 13.6 (0.4) 

1 10 42 14.7 (0.6) 14.5 (0.4) 

2 5 21 15.2 (0.2) 15.5 (0.4) 

Values presented as mean (SD).  

No significant differences in chronological age between osteogenic and non-osteogenic sports. 
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Supplementary table 2. Bone parameters reported by years from PHV across sport groups (PHV=0). 

  Osteogenic sport 

Years from PHV -2 -1 0 1 2 

 Mean SD Mean SD Mean SD Mean SD Mean SD 

TBS 1.37 0.08 1.41** 0.06 1.41** 0.06 1.46* 0.07 1.51 0.07 

Stiffness index 99.33 10.74 100.37** 14.04 105.78** 10.94 111.85* 11.52 114.00* 9.22 

BMC (g) 

TBLH 1089.03 183.71 1403.04* 194.61 1708.44 254.34 2159.73* 207.52 2444.20** 87.16 

LS 29.54 5.40 37.27* 5.82 44.57* 8.14 56.28 7.21 63.80 6.53 

Hip 21.24 3.56 27.72** 3.61 33.51** 4.17 40.89** 2.89 44.89* 3.95 

FN 3.75 0.33 4.41** 0.40 4.97* 0.52 6.03** 0.53 6.33* 0.51 

HSA 

CSA 124.33* 7.81 138.48** 14.82 152.78* 13.97 183.80** 13.81 197.40* 14.43 

Z 448.60 34.90 523.86* 68.86 613.21* 121.34 821.85** 96.75 938.58* 62.67 

CSMI 6512.56 511.91 7900.37* 1375.62 9844.43* 2152.04 14271.90* 2471.94 17268.00** 1552.79 

 
Non-osteogenic sports 

Years from PHV -2 -1 0 1 2 
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 Mean SD Mean SD Mean SD Mean SD Mean SD 

TBS 1.32 0.05 1.35 0.05 1.35 0.07 1.40 0.07 1.42 0.06 

Stiffness index 94.75 10.04 85.20 6.30 90.86 11.22 97.43 14.51 98.21 16.60 

BMC (g) 

TBLH 1006.08 118.02 1298.94 172.21 1589.11 239.45 1892.63 239.99 2116.27 172.10 

LS 26.63 2.79 33.50 4.32 40.37 7.58 50.72 8.66 59.53 8.63 

Hip 19.20 2.88 24.10 3.34 28.89 3.85 32.09 7.67 36.61 4.36 

FN 3.30 0.45 3.98 0.47 4.46 0.59 5.01 0.64 5.37 0.58 

HSA 

CSA 105.00 13.64 123.57 13.97 137.61 18.61 153.45 19.33 162.29 22.65 

Z 370.80 76.13 467.44 72.62 542.09 100.81 645.93 120.73 731.15 135.54 

CSMI 5204.50 1283.06 7089.68 1632.23 8530.32 2009.44 10831.07 2809.81 12921.67 2136.71 

Raw data presented as mean and SD. 

Differences between osteogenic and non-osteogenic sports in the same year from PHV (-2 vs -2; -1 vs -1; 0 vs 0; 1 vs 1; 2 vs 2) * p<0.05, ** 

p<0.001. 

TBS, trabecular bone score; BMC, bone mineral content; TBLH, total body less head; LS, lumbar spine; FN, femoral neck; CSA, cross sectional 

area; Z, section modulus; CSMI, cross sectional moment of inertia. 
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