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Abstract

Background: The aim of the study was to establish the bone and body composition characteristics of

high-level athletes with and without a history of stress fracture injury.

Methods: 279 high-level athletes (212 men, 67 women) (age 28.0 + 9.2 years; body mass 75.0 + 17.4kg;
height 1.78 £ 0.10m) and 112 non-athletic controls (60 women, 52 men) 36.2 + 15.0 years; 70.9 +
12.9kg; 1.71 £ 0.10m) were assessed by DXA to establish their bone mineral density and content, body

fat and lean mass. Athletes completed a questionnaire detailing their stress fracture history.

Results: There were no differences in whole-body bone mineral density (men 1.41 +0.12g/cm?,women
1.19 + 0.09g/cm?), bone mineral content (men 3709 + 626g,women 2263 * 290g), body fat (men 16.3+
5.0%,women 23.0 + 4.6%) and lean mass (men 65.4 + 9.9kg,women 38.7 * 3.6kg) between athletes

with a history of stress fracture (34 men, 16 women) and those without (176 men, 40 women).

Conclusions: DXA derived bone and body composition characteristics were not independent risk
factors for stress fracture injury in high-level athletes. This study in a large cohort of high-level athletes
provides normative bone and body composition values that can be used as a benchmark for

researchers and applied practitioners.



Introduction

Bone fractures can be broadly categorised as acute or stress related, and stress fracture injuries
account for up to 20% of all clinically reported sports injuries [1-2]. The pathophysiology of stress
fracture injury is multi-facetted, and associated with inadequacies in bone repair, with an inability to
tolerate mechanical loading resulting in unrepaired micro-cracks and damage to bone micro-
architecture [3-4]. For this reason, it is unsurprising that sports that have aspects of high magnitude
and high frequency loading have a high incidence of stress fracture injury [2]. A greater understanding
of the risk factors for stress fracture would aid practitioners in the prevention and rehabilitation of

injury.

Currently, whole body dual-energy x-ray absorptiometry (DXA) measurements are used as a method
to assess an individual’s risk of stress fracture injury [5]. lower bone mineral density (BMD), bone
mineral content (BMC) and reduced bone structural properties have been associated with stress
fracture risk in some athletic population (cricketers (lumbar spine BMD,[6]), runners (tibial strength,
[7]; hip BMD, [8]), triathletes (tibial cortex; [9]) and female athletes (trabecular BMD;[10]), but not in
others (endurance athletes (triathletes and runners- whole body, lumbar spine and hip) [11] and
runners (whole body, lumbar spine, hip, radius) [12-13]. The contrasting findings may be accounted
for by the sport participated in, the likely difference in the pathophysiology of injury caused by the
differing activity status of the participants (amateur and elite populations) in the aforementioned
studies and the difference in the anatomical scan site. Although, possibly the most important factor
explaining the variation is likely due to the relatively low number of stress fracture cases (median 19,

range 2-42) limiting the power to detect differences between groups.

Associations between stress fracture injury incidence and body composition have also been studied
due to the interaction between adipose tissue [14] and skeletal muscle [15] with bone. The association
between adipose tissue and bone health is thought to be due to adipocytes elevating cytokines and
causing a downstream increase in bone resorption [16-17]. Meanwhile, muscle forces are implicated
with the governance of bone health due to the mechanical loading which muscle exerts on the bone
and crosstalk between muscle- and bone-derived soluble factors [18]. However, the relationships
between body fat, muscle mass and bone are far from established. Low body fat has previously been
shown to be positively [19], negatively [19] and not associated [20] with stress fracture injury risk.
Similarly, contrasting findings have been reported relating to the association between muscle
mass/strength and stress fracture injury risk. Studies have reported that lower muscle strength is
associated with increased stress fracture injury risk in athletes [7;10;20] and military recruits [21],
while others have reported no association (athletes:[22-23]). The contrasting findings relating to body
composition and stress fracture injury risk could be due to mechanical loading governing a large

proportion of the bone’s osteogenic response [24]. The loading was likely variable across previous
3



studies as some studied athletes with varying levels of ability [12-13] and others grouped participants
regardless of the sport they participated in [24]. In addition, the majority of large-scale studies
investigating body composition and stress fracture injury have been conducted in military personnel
[21]. Due to the likely difference in the pathophysiology of injury between military recruits and elite

athletes, it remains to be seen if the same risk factors are present in both professions.

Currently, the relationship between BMD, BMC and body composition with a history of stress fracture
injury in high-level athletes is not well established. The establishment of sport-specific normative
values for bone and body composition characteristics for high-level athletes with and without a history
of stress fracture would aid researchers and applied clinicians when attempting to identify potential

risk factors for stress fracture injury.

Therefore, the aims of the present study were to characterise the bone and body composition
characteristics of high-level athletes with and without a history of stress fracture injury and compare

those characteristics between athletes and non-athletes.

Materials and Methods

Participants.
A convenience sample of 279 high-level athletes (67 women, 212 men; age 28.0 + 9.2 years; body
mass 75.0 £ 17.4 kg; height 1.78 + 0.10 m) consisting of 106 endurance runners (60 women, 46 men),
98 footballers (98 men), 38 rugby players (38 men), 20 cricketers (20 men) and 19 speed skaters (7
women, 12 men) were recruited from professional clubs and governing bodies, through previously
established relationships with Manchester Metropolitan University or Nottingham Trent University or
by word of mouth. 112 non-athletes (60 women, 52 men; 36.2 + 15.0 years; 70.9 £ 12.9 kg; 1.71 £ 0.10
m) were recruited by mail-outs and word of mouth. Participants were deemed eligible for the study if
they were aged 18 years or more, injury free, not currently taking any medication that influenced bone
metabolism and had not received a joint replacement or prostheses. After reading the participant
information sheet and having the opportunity to ask questions, participants provided informed
consent, completed a pre-scan screening form (ensuring they met the inclusion criteria) and
completed a health screen questionnaire. Forms were scrutinised by the lead investigator before the
study commenced to confirm that participants met the inclusion/exclusion criteria. Runners were
included if they had completed at least one official distance event =3000 m in a time faster than a
predetermined threshold (Table 1). The predetermined threshold time for each distance was chosen
to ensure all athletes placed in at least the top 600 in the UK rankings for a calendar year based on the
years 2012-2017. Race PB time was verified by official race chip timings through individual race result
websites, the power of 10 (http://www.thepowerof10.info/) and/or the International Association of

Athletics Federations (IAAF) (https://www.iaaf.org/home). Athletes in other sports, that have less
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objective criteria for elite performance, were included based on their professional employment status
and the level of their sport in which they participate. The criteria for each sport are defined as follows:
Football: professional players (English Premier League, Championship, League One, League Two);
Rugby: professional players (English Premiership, Championship); Cricket: professional players
(English County Championship Division One and Two), Speed Skating: International representation.
Participants who did not compete in any sport with a major physical fitness component at regional,
national or international level, were defined as non-athletes. The study conformed to lonising
Radiation (Medical Exposure) Regulations (IRR99) and was approved by the local Ethics Committee of
Manchester Metropolitan University, Nottingham Trent University and the National Health Service
Research Ethics Committee (Ref 15/EM/0037). The study was conducted ethically according to the

principles of the World Medical Association Declaration of Helsinki.

Table 1 ****xx

Experimental design.

High-level athletes were tested for body composition and bone characteristics using DXA (iDXA, GE
Healthcare, United Kingdom: Hologic Discovery W, Vertec Scientific Ltd, United Kingdom; r value of
0.854 between the two systems [25]). Each participant completed a statement of informed consent
and a health status questionnaire. A fracture history questionnaire was also completed which
contained questions on current sporting status (level of competition), stress fracture history and
method of stress fracture conformation [26]. The participants completed a hard copy of the
guestionnaire, which contained closed style questions and took 5-10 minutes to complete, prior to
the commencement of the DXA scan. To be classified as a stress fracture case, participants self-
reported the occurrence of a stress fracture confirmed by radiological scan (e.g., X-ray, MRI, CT). In
the athlete group, 14 participants (endurance runners) were removed from the statistical analysis due
to a lack of stress fracture history clarity (e.g. reports of stress reactions) and stress fracture symptoms
without radiological confirmation. The non-stress fracture group was made up of athletes who had
never had a stress fracture injury and had no reported history of stress fracture symptoms or
radiological investigations suggestive of a stress fracture. Nine non-athletes were removed due to

missing or incomplete DXA scan data.

Procedures.

Height (Stadiometer, Seca, Hamburg, Germany) and body mass (Seca, Birmingham, U.K.) were

recorded with participants wearing minimal clothing. DXA scans assessed participant BMD, BMC, lean
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mass and percentage body fat. Two manufacturer-trained operators performed all scans consistent
with the manufacturer’s guidelines. Calibration of the DXA was completed prior to scanning using a
phantom of a known density. Participants were asked to wear minimal clothing or a cotton
examination gown and remove any jewellery or metal prior to the scan to avoid measurement
distortion. Participants fasted for at least 2 hours, emptied their bladder immediately before and were
asked to be euhydrated prior to the scan. Participants were positioned supine on the DXA bed within
the scanner range, with ankles and knees held in place by Velcro straps or medical tape to minimise
unintended movements. The participants lay with arms by their sides and were asked to remain
motionless for the duration of the scan. Whole-body scans lasted <10 min depending on the size of
the participant. Subsequent segmental analysis for all scans were completed by the same trained
operators. Coefficients of variation for the scanners used in the present study are 0.08-1.30% for BMD

and 0.6% for fat mass [27-28].

The following measures were analysed: whole body lean mass and percentage body fat, whole body
and legs BMD, whole body and legs BMC, T-score and Z-score. If any movement artefacts (inaccuracies
in the measurement caused by motion) were present following the scan, the image was classified as

invalid and a repeat measure was performed.
Statistical analysis.

All data are presented as mean + 1SD. Data were tested for normality using the Shapiro-Wilk test. Men
and women were analysed separately. In athletes, independent sample T-tests were used to compare
the means of the stress fracture cases to the non-stress fracture group (overall and sport specific). In
a separate analysis, independent sample t-tests were used to compare athletes to non-athletes. The
significance level was set at P <0.05. In order to decrease the risk of a type | error, the Benjamini-
Hochberg Procedure was applied with a false discovery rate value set at 5 percent [29]. All statistical
analyses were performed using Statistical Package for Social Sciences (SPSS) version 23.0 (SPSS, Inc.,

Chicago, IL, USA).

Results

Seventy-two stress fracture injuries were reported in 50 athletes (27 scanned using iDXA and 23 using
Hologic Discovery W) (36 had 1 stress fracture, 9 had 2, 3 had 3, 1 had 4, 1 had 5). The location of

stress fracture injuries are shown in Table 2.
Table 2 ****

Bone Characteristics



There were no differences in bone characteristics between athletes with and without a history of

stress fracture injury for either men (P 2 0.15) or women (P = 0.09) (Figure 1 and 2).

Male athletes had a greater whole-body BMD, BMC, T-score and Z-score compared to male non-
athletes (Figure 1 and 2, Table 3a; P < 0.03), these differences were maintained following multiple
comparison testing. There were no differences in bone characteristics between female athletes and
female non-athletes (Table 3b; P > 0.08). When sub-categorised into specific sports, male endurance
runners with a history of stress fracture had a greater T-score (P = 0.04) and Z-score (P = 0.03) than
those without a stress fracture history (Table 4a), however no differences were shown following
multiple comparison testing. For footballers, female endurance runners, rugby players and cricketers
there were no differences in bone characteristics between athletes with and without a history of stress

fracture injury (P 2 0.11; Table 4a and 4b).
Body composition

There were no differences in body mass, BMI or body composition between athletes with and without
a history of stress fracture injury for either men (P > 0.47) or women (P > 0.19) (Table 3a). Male
athletes had ~6% lower body fat percentages than non-athletes (P < 0.01), while female athletes had
lower body mass, percentage body fat and BMI than non-athletes (all P < 0.01) (Table 3b), these

differences were maintained following multiple comparison testing.

Male endurance runners with a history of stress fracture injury were ~5 kg heavier than those without
a history of stress fracture injury (P < 0.01; Table 4a), however no differences were shown following
multiple comparison testing. There were no other sport-specific differences in body mass, BMI or body
composition between athletes with and without stress fracture injury history (P > 0.21; Table 4a and

4b).

Figure 1 ****

Figure 2%****

Table 3a ****

Table 3b ****

Table 43 ****



Table 4b ****
Discussion

The present study is the largest known investigation assessing the bone and body composition
characteristics of high-level athletes with and without a history of stress fracture injury. Overall, no
differences were shown in the DXA derived bone or body composition characteristics of men or
women athletes with a history of stress fracture injury and those who have never suffered a stress
fracture injury. After adjusting for multiple comparisons, no sport specific differences between
athletes with or without a history of stress fracture were shown were shown. The study provides a
valuable reference point of normative bone and body composition characteristics in high-level

athletes with and without a history of stress fracture injury.
Bone characteristics

Overall, the present study showed no association between BMD and BMC with stress fracture injury
history in high-level athletes. Previous studies have reported contrasting associations between BMD
and stress fracture injury in athletes [11-13]. The reason for the contrasting findings may be due to
several factors. Stress fracture injury susceptibility is multi-factorial and therefore BMD alone is not
the only factor that contributes to increased risk of injury [3]. It could be suggested that a more holistic
approach to the identification of those at risk of stress fracture injury is required, rather than relying
on BMD measurements alone. This is exemplified in the current study, as the average T scores of
athletes with and without stress fractures were higher than that considered to be a risk for adverse

bone health, and no differences were present between the two groups

Previous studies in athletes assessing BMD and stress fracture injury have based their findings on a
relatively low number of stress fracture cases (n =2[11]; n =6[6]; n = 20[8]; n = 27 [13]), which be a
reason for the variable results shown. As the present study contained 50 athletes with a history of
stress fracture, the results provide more definitive data on the association between BMD and stress
fracture and injury. The present study used a cohort of high-level athletes and used a quantifiable
inclusion criterion (running personal best/professional athletes) to ensure the cohort was as
homogenous as possible in terms of standard of competition and, accordingly, training practices
required. Previous studies have based their inclusion criteria on distance covered per week (>20 miles;
[13]) and collegiate athlete status [12], which could have led to a greater variability in competitive
standard resulting in fluctuations in BMD of the athletes included compared to the present study.
These factors ensure that the findings from the present study are reflective of the association between

BMD and stress fracture injury in high-level athletes.

The bone characteristics of large populations of high-level athletes with and without a history of stress

fracture injury are not commonly reported. The whole body BMD and BMC values shown for athletes
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in the present study are comparable to values reported in previous studies involving high-level
athletes that don’t detail the stress fracture history of the participants (Men: BMD 1.25-1.41 g/cm?;
BMC 3623-4185 g; [30-33]; Women: BMD 1.11-1.25 g/cm?, BMC 2173-3047 g; [33-36]. This confirms

that the cohort assessed in the present study is a representative sample of high-level athletes.
Body composition

Previous research has shown low body fat to be positively [19], negatively [19] and not associated [21]
with stress fracture injury risk. Greater body mass caused by more body fat would potentially result
in a higher mechanical load experienced by the bone when in weight-bearing locomotor activity,
causing a net increase in bone formation [37]. Conversely, an increase in adipocytes as a result of a
high percentage body fat could cause lipotoxicity in osteoblasts, leading to a decrease in bone
formation [17]. The difficultly in separating these two seemingly opposing mechanisms could be the
reason for the contrasting previous findings. In the current study, no association between percentage
body fat and stress fracture injury was shown in the present study. Due to the relatively low
percentage body fat of the athletes in the present study (Table 3a and 3b), lipotoxicity is highly unlikely.
As no association was shown in the present study, it does not seem that percentage body fat alone is

a related to stress fracture history in high-level athletes.

The relationship between lean mass and stress fracture is unclear. No association between lean mass
and stress fracture injury was observed in the present study. Previous studies have reported lower
muscle strength associated with stress fracture injury [7; 10; 20; 22]. This has been attributed to
muscle contractions inflict physical forces on bone causing a stimulation of the bone remodelling cycle
[38]. Muscle hypertrophy and higher muscle mass also enhance physiological processes such as
regenerative inflammation, insulin sensitising and endothelial function that result in osteogenesis [39].
However, resistance to stress fracture are multifactorial in nature, with mechanical loading [40],
genetics [41], body fat [19], as well as muscle mass, all being suggested to influence stress fracture
injury risk. No association between lean mass and stress fracture injury was shown in the present
study, which is in agreeance with previous studies [5; 18; 23]. As a hierarchy of influences on stress
fracture risk are yet to be fully established [39], a variety of mechanisms are likely to be acting on a
bone simultaneously. In order to fully elucidate the factors associated with stress fracture injury,

further large-scale studies are required that examine a variety of risk factors.

Although no associations of bone and body composition characteristics with stress fracture injury
were observed, it cannot be ruled out that these variables contribute to stress fracture incidence. A
holistic approach, incorporating multiple risk factors, to identifying those at risk of stress fracture
injury is encouraged due to the multifaceted nature of the injury [3].The data presented in the current

study provide researchers and applied practitioners with normative bone and body composition
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characteristics for high-level athletes with and without a history of stress fracture injury from a range
of sports. These data are valuable in the identification of ‘normal’ characteristics in athletes with and

without stress fracture symptoms.
Athletes vs. Control

The male athlete group as a whole showed greater whole-body BMD, BMC, T-score, Z-score and less
percentage body fat compared to the non-athlete group. These findings are unsurprising as long-term
weight-bearing exercise has well established osteogenic effects in excess of non-weight-bearing
activities [30-31]. The female athlete group there were no differences in bone characteristics of
women athletes and non-athletes. This may be related to the women non-athletes having a 22%
greater body mass than the athletes, which could have provided a greater mechanotransductive effect
of habitual activity and an osteogenic response equivalent to that experienced by the lighter athletes

undergoing heavy training.
Limitations

This cross-sectional study required participants to retrospectively report cases of stress fracture injury.
This resulted in the time-point between stress fracture injury incidence and the athlete being assessed
for bone and body composition characteristics being variable and, in some cases, separated by several
years. In this time period bone and body composition characteristics could have increased or
decreased from the values recorded at the time of the scan. However, to combat this problem a
prospective longitudinal study regularly assessing bone and body composition characteristics and
stress fracture status would be required. A study of this design would be prohibitively expensive and
be exceedingly challenging to recruit the high number of athletes seen in the present study.
Furthermore, although there was a difference between the age of the athletes and non-athletes in
the present study, the majority of participants (>95%) were below the age at which BMD begins to
significantly decline (> 50 years) and therefore any changes in BMD are expected to be small and
possibility undetectable. Two different DXA scanners were used in the present study. Although
consistency in the scanning device used is preferred, a multi-centre approach was required in order
to recruit a large cohort of high-level athletes. Furthermore, it has been shown that there is a high-
level of agreement between bone and body composition characteristics for the brands of DXA used in
the present study [42] and therefore it is unlikely that the use of separate devices influenced the
results. The current study did not account for factors including diet, training status, training
environment, individual biomechanics, hormonal status and psychological factors which have also
been associated with stress fracture injury [3]. However, the monitoring of all these variables in a
multi-centre cohort is costly and practically challenging, but nevertheless something that future

collaborative studies should strive to accomplish. Due to the number of statistical tests conducted,

10



multiple comparison testing was conducted. However, the majority of the findings retained
significance pre and post multiple comparison testing. The conservative nature and problems with
conducting multiple comparison testing [43] increase the chances of a type two error occurring.
However, the debate surrounding the merits and drawbacks of multiple comparisons testing goes

beyond the scope of the current study.
Conclusion

The findings of the present study provide the largest-scale assessment of the bone and body
composition characteristics of high-level athletes with and without a history of stress fracture injury.
Overall, no differences in DXA derived bone characteristics and body composition were shown among
athletes with and without a history of stress fracture injury. Male endurance runners with a history of
stress fracture had a greater a T-, Z-score and body mass that those without a history of stress fracture,
suggesting that there are sport-specific differences in risk factors. These normative data can be used

by researchers and applied practitioners as a benchmark for their own cohorts and athletes.
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Table 1: Personal best selection criteria for both men and women runners.

Distances Men Women

3000 m <8min45s <10 min15s
5000 m/5 km road <15min45s <18 min45s
10000 m/10 km road <32min45s <38min45s
Half marathon <74 min00s <88 min00s
Marathon <2h45min00s <3h15min00s

Table 2. The location of stress fracture injuries.

Number
of Stress
Location Fractures
Metatarsal 28
Tibia
Lumbar spine
Sacrum

S
(<))

Navicular

Fibula

Cuboid

Talus

Pubic ramus

Ulna

Femur

Calcaneus
Unspecified location

B R R PR NNNDMLMO
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Table 3a. The bone and body composition characteristics of male athletes and non-athletes.

Athletes Non-athletes
Men Men
Stress
Stress Non-stress fracture Athletes vs.
All (n= Vs. non-
fracture fracture (n=44) non-athletes
210) (n=34) (n=176) stress value
N - fracture P
p value
Age (years) 26.5(7.4) 26.7(7.8) 26.4(7.3) 0.81 36.5(15.5) <0.01*
BOd(‘{(gass 82.0(13.9) 83.6(14.2) 81.7(13.8)  0.47 78.3(11.2) 0.46
Height (m) 1.82(0.08) 1.82(0.07) 1.82(0.08)  0.64 1.79(0.07) 0.76
BMI(kg/m2) 24.7(3.2) 25.1(3.6)  23.7(3.1) 0.48 24.5(3.3) 0.19
Body  leanmass .o 59) 66.1(9.5) 653(99)  0.66 57.1(6.4) 0.15
composition (kg)
% body fat 16.3(5.0) 16.8(0.5) 16.2(5.0) 0.56 22.6(5.9) <0.01*
Bone: *
Whole body T-score 2.1(1.2) 2.3(1.1) 2.0(1.3) 0.31 1.2(1.1) <0.01
Z-score 1.7(1.0) 1.8(0.9) 1.7(1.0) 0.45 1.2(1.0) 0.03*

Values are mean (+1SD). * significant difference between sex-specific athletes and non-athletes (P < 0.05).
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Table 3b. The bone and body composition characteristics of female athletes and non-athletes.

Athletes Non-athletes
Women Women
Stress
Stress Non-stress  fracture vs. Athletes vs.
All (n=56) fracture fracture non-stress (n=59) non-athletes
(n=16) (n=40) fracture p p value
value
Age (years) 32.5(12.6) 31.7(11.0) 32.9(13.2) 0.76 37.8(15.8) 0.05
BOd(‘I'(g”)‘ass 53.2(5.3) 51.7(42)  53.8(5.6) 0.20 64.8(11.4) <0.01*
Height (m) 1.64(0.05) 1.64(0.04) 1.64(0.06) 0.81 1.64(0.04) 0.66
BMI(kg/m2) 19.8(1.9) 19.3(1.4)  20.0(2.1) 0.24 24.0(3.0) <0.01*
BOdY. Lean mass 38.7(3.6) 37.7(3.1)  39.1(3.7) 0.19 39.2(5.9) 0.57
composition (kg)
% body fat 23.0(4.6) 23.2(4.2) 22.9(4.8) 0.87 34.5(7.0) <0.01*
Bone:
Whole body T-score 1.0(1.0) 0.7(0.9) 1.2(1.0) 0.13 1.0(1.3) 0.85
Z-score 1.0(0.9) 0.7(0.8) 1.1(0.9) 0.09 1.0(1.2) 0.88

Values are mean (+1SD). * significant difference between sex-specific athletes and non-athletes (P < 0.05).
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Table 4a. Bone and body composition characteristics of footballers and endurance runners with and without a history of stress fracture injury.

Football Endurance Runners
Men Women
Non- Non- Non-
Stress stress Stress stress Stress stress
fracture fracture All (n= fracture fracture fracture fracture
All (n =96) (n=13) (n =83) 43) (n=28) (n=35) All(n=49) (n=16) (n=33)
Age (years) 24.7(4.2) 23.7(3.9) 24.9(4.3) 35.9(9.3) 35.9(10.2) 35.9(9.1) 34.4(12.7) 31.7(11.0) 35.8(13.2)
BOd(‘I’(g”)‘ass 82.0(9.3) 80.3(8.7) 82.3(9.4) 67.3(6.9) 71.7(52)* 66.3(6.8) 52.4(52) 51.7(42) 53.8(5.6)

Height (m)  1.82(0.08) 1.80(0.7) 1.82(0.08)  1.78(0.06) 1.82(0.06) 1.77(0.06) 1.64(0.05) 1.64(0.04) 1.64(0.06)
BMI (kg/m?) 24.7(1.8) 24.5(1.4) 24.7(1.8) 21.2(1.8) 21.8(2.0) 21.0(1.7) 19.4(1.7) 19.3(1.4) 19.5(1.8)

Body Lean mass
SO (ke) 67.1(7.4) 66.3(7.6) 67.2(7.4) 52.8(4.7) 52.8(5.9) 52.8(4.4) 38.1(3.0) 37.7(3.1) 38.2(3.0)

%body fat  14.6(3.6) 14.0(2.9) 14.7(3.7) 16.9(0.6) 17.9(3.5) 16.7(5.8) 23.0(4.6) 23.2(4.2) 22.9(4.8)

Whi'l"e“s; dy BMD (g/cm?) 1.44(0.10) 1.43(0.09) 1.44(0.10)  1.28(0.10) 1.34(0.11) 1.27(0.09) 1.19(0.09) 1.16(0.08) 1.20(0.09)
BMC(g)  3872(465) 3770(391) 3888(476)  2910(294) 3084(493) 2870(356) 2244(285) 2166(209) 2283(123)

T-score 2.4(0.1)  2.6(1.0)  2.4(1.0) 0.8(0.9) 1.4(0.9)* 0.7(0.8) 1.0(1.0)  0.7(0.9)  1.2(1.1)

Z-score 2.000.7)  1.9(0.9)  2.0(0.7) 0.8(0.8) 1.4(0.8)* 0.7(0.8)  0.9(0.9) 0.7(0.8)  1.1(0.9)

Legs BMD (g/cm?) 1.65(0.12) 1.66(0.15) 1.66(0.12)  1.47(0.11) 1.50(0.10) 1.46(0.11) 1.27(0.01) 1.25(0.08) 1.28(0.10)

BMC(g)  1584(215) 1521(178) 1594(220)  1180(174) 1239(206) 1166(163) 822(118) 788(98)  838(123)

Values are mean (£1SD). * significant difference between athletes with and without a history of stress fracture injury (P < 0.05)
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Table 4b. Bone and body composition characteristics of rugby players and cricketers with and without a history of stress fracture injury.

Rugby Cricket
Non-
Stress stress Stress Non-stress
fracture fracture fracture  fracture (n
All (n=38) (n=7) (n=31) All (n =20) (n=5) =15)

Age (years) 22.5(3.1)  24.1(4.1)  22.1(2.7) 24.4(3.9) 24.8(4.6)  23.6(4.5)

Body mass (kg) 99.2(11.8) 103.0(14.8) 98.3(11.2) 86.5(12.3)  87.7(4.8) 86.4(13.5)

Height (m) 1.85(0.08) 1.84(0.06) 1.85(0.08) 1.84(0.10)  1.87(0.09) 1.84(0.12)

BMI (kg/m?) 29.0(3.0) 30.3(3.8) 28.7(2.8) 25.4(2.5) 25.1(1.2)  25.7(3.4)

Body composition Lean mass (kg) 76.5(7.0)  77.2(6.9)  76.4(7.1) 65.2(6.1) 68.5(4.1)  63.8(6.7)

% body fat 18.8(5.4)  21.0(6.3)  18.3(5.2) 20.4(5.3) 17.8(2.7)  21.7(4.9)
Whg:’e“s; ay BMD (g/cm?) 1.51(0.09) 1.56(0.05) 1.50(0.10) 1.39(0.08)  1.41(0.04) 1.38(0.044)
BMC (g) 4312(407) 4421(335) 4287(422) 3721(373)  3815(283) 3697(450)

T-score 3.2(0.8) 3.5(0.6) 3.1(0.9) 1.9(0.8) 2.1(0.4) 1.9(0.5)

Z-score 2.4(0.8) 2.7(0.5) 2.3(0.9) 1.6(0.7) 1.7(0.4) 1.6(0.4)
Legs BMD (g/cm?) 1.64(0.10) 1.69(0.07) 1.63(0.10) 1.59(0.13)  1.65(0.11) 1.57(0.07)
BMC (g) 1611(166) 1615(106) 1610(178) 1528(238)  1622(260) 1523(231)

Values are mean (£1SD). * significant difference between athletes with and without a history of stress fracture injury (P < 0.05)
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