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Abstract

Background/Aim: Cricket is a popular sport both in New Zealand, and internationally. Cricketers
have a high prevalence of stress fractures, which may in part be linked to bone mineral density.
However, little research exists investigating bone health in this group. The primary aim of this
study was to investigate determinants of bone mineral density (BMD) in a group of high-
performing cricketers. Secondary aims included measuring musculoskeletal differences in the
dominant versus non-dominant arm, and monitoring pre and postseason body composition.
Methods: Healthy male (n=27) and female (n=11) cricketers aged 16-33y were recruited. BMD was
measured using DXA, and body composition was measured pre and post-season using bioelectrical
impedance analysis (BIA). Food frequency questionnaires (FFQ's) and a lifestyle & health
questionnaire were completed. Determinants of BMD were tested using hierarchical multiple
regression analysis. A dependent samples t-test was used to determine differences between
dominant and non-dominant arms and changes in body composition over the season.

Results: Skeletal muscle mass was a significant predictor of BMD and accounted for 31, 18, and 38
percent of BMD variation at the hip, spine, and total body, respectively. Age and calcium intake did
not predict BMD at any site. BMD and lean mass were significantly greater (p<0.05) in the
dominant arms of both males (+0.056g/cm? and +308.4g) and females (+0.078g/cm? and +254.2g).
A 0.8kg reduction in post-season skeletal muscle mass was found in females (p<0.05), with no
differences found in males.

Conclusions: Skeletal muscle was the strongest predictor of BMD in this group, while age and
calcium intake showed no effect. Significant differences in BMD and lean mass were observed
between dominant and non-dominant arms. Skeletal muscle in males remained unchanged from
beginning to end of season, and was reduced in females. Training methods in this group should

target development and maintenance of muscle mass in order to optimise BMD.



Acknowledgements

| would like to express my gratitude to a number of people who made this project possible.

Firstly, a big thank you to every participant who gave up their time to take part in this study —
without your contributions none of this could have taken place. Also to the coaching staff at
Auckland cricket; Nick White, Andre Adams, and Elfriede Chooi, who helped facilitate initial data

collection and follow-up sessions — your assistance is greatly appreciated.
To my supervisors, Dr Kathryn Beck and Dr Pamela von Hurst, | am extremely grateful for your
support, encouragement, valuable feedback, and your honesty — not to mention the amount of

time you both spent assisting in data collection and working behind the scenes.

To my fellow researcher Shelley McDonald, thank you for all of your hard work during the

recruiting and data collection process, and assistance throughout the entire journey.

Thank you to Owen Mugridge and P.C Tong for your assistance with data entry and analysis.

Lastly, thank you to my family and friends for your continued support and encouragement

throughout this experience.

II



Table of contents

L o 1] o S USRSUPR I
ACKNOWIEAZEIMENTS. ...ttt ettt ettt cae et sbesas e et beete s e e eeeeeaaeaaaseeaeeaaseaeseeeees Il
LISt OF £ADIES. .. ittt st s et s bbbt e a bt e bt e e e aeeenateeea VI
LiST OF @PPENAICES.c.vcvvetveeiettetete ettt e ere et ete et ete et et e eb e e bbb e st s e s e ae et et esae s e enssbbbasaeeeeseessnssreseses Y
List O @bbreviatioNns.....c.c.cvv i e Vil
CONFIDULIONS 1O MESEANCR....cuiie ittt sttt st ettt ettt e e e e sasteesanee s IX
Chapter 1: INrOQUCION........ccooceieee ettt ettt st e sbesbe e e e e e aabaa e e baaeeeeeeeensnnnes 1
1.1 BACKEIOUNG...ovietietietietietiete ettt e st st etecteete st e v aebaebaebbe st e s be s e s e abesse sbesbeeesesnnsennssbssnesasessesnsssaens 1
1.2 PUIPOSE OF This STUAY.c.uiiuiiiiieiiece ettt ettt see steeae et s eab b s e e e e e e eenasnbsssraaaeaeeeans 3
0 1Y o' PO OO OO PRPR 3
R @] oY1= 6 V7= PP USPUPPRS 3
1.5 TRESIS STIUCTUIE ...ttt ettt ettt ettt et e ae st st b et ettt e e e e bbb e e e sabbeeeeaabbeeesaabes 4
Chapter 2: LItErature FEVIEW..............ovi ettt ettt et ettt ete e e e e e e e eeaaaeeeeeeaaeaaaeeees 5
2.1 Determinants of bone Mineral deNSItY.......ccciiiecieie ettt e e reee e 5
2.1.1 BACKEIOUNG.....oeceieecte ettt ettt ettt et et et e etesb e et e steaeeaeeseeesassssessssraeereees 5
2.0.2 CalCIUM ciiiiit ittt ettt e b b st st ea ettt eae e s bbbt e e e e eabbe e e e earreeeens 6
2. 1.3 VIEAMIN Dttt e ettt e st e st st ettt e e e e e e e e e et e e e e e e e e ean 8
2. L PrOT@IN. et e e e e et ettt e e s e e e n e e e e e e e e an 10
2.1.5 Fruit and VEGELADIES. ...ttt 12
2.1.6 POTASSIUM ... ittt ettt ettt ettt e s e st b bt eae et et e e e e e e e e e annbeeeeeeeeeesannreeees 13
2.0.7 VITAMIN Kottt ettt sttt st ettt s s e as s s st ens e e s saaeessteeansneesnneeesnseennns 14
2.1.8 Other MICrONULIIENTS. ..ottt st st e s st e e et e e s aeeeens 16
2.1.9 Calorie restriction and disordered ating.......ccccovceveeeeieinininee e 16
2.1.10 PhySiCal @CHIVITY..cciioteeeesiece ettt e st st sre e sre e e e e e s e e e e e e e e e neean 17
2.1.11 SMOKING/TODACCO USE....uceeetiecteceetie ettt ettt ettt sr e e are e et e e e naeeensaeanas 19
2.0.02 AICONOL ..ttt sttt ettt ettt e e eb bt e e e e b bbeeee e eaeas 20
2 0 1 o o [ Y 2P UP 21



2.1.14 BOAY COMPOSITION....ceiticiietiieie et eeteette e ete et et e et eteeetbeesaeste e e s asasssssssssssasssssssnnssnnrees 22

2.2 Differences in composition between dominant and non-dominant

AIMS TN ATNIETES ..ttt et e st e e s eae st eeeae e 23
2.3 Body composition and BMD in CriCKEerS.......ooiuiieirireieee ettt 24
2.8 SUIMIMATIY cut ittt ctteeeteeettes et ete et tessteesa e st eessteestbes saeeeteaesbes saeaeste e e e e e aes s eeeeeaannssaannsseeeeeansseeeeeneens 26
Chapter 3: IMMEEROMS..........ooee e s s st st s te s s sae e s e ba e e e e eeeeeesnnnnnns 27
3.1 Participants and reCrUItMENT. ...t et e e e s s e s s e nnanrneees 27
I S Yot | BT o o Lo 1V | PO TR 27
3.3 Research design and phases of data collection.........cccceveveeiiiiivineicsee e, 28
3.3, NIl PRASE e ettt e e e e e e e e e e e e e e e e e e aaaaaaaaaeas 28
3.3.2 FOIOW-UP PRASE...eeeiee ettt ee ettt sttt e e e e e e e e e e e e eaaeaaeaaeaaaas 30
3.3.3 INJUNY QUESTIONNAIT . ...eie ettt sttt sttt st e es e e e 31
3.2 DIETANY @NAIYSIS.cuuiuieeiriiriit ettt st ettt et e e et steste e s ettt e e eae et s sentes sttt e e e e enteeeeennnnteeeennrnes 31
3.5 StAtiSTICAl @NAIYSES ..ottt e et et b a e e e e e e e e e e e e e e e aaaaaaaaaans 31
Chapter 4: RESUILS..........cccouieiiieeece ettt st ea ettt ae st see s tesaete e e e e nnteeeennnbeeeeesennes 33
4.1 Participant CharaCteriStiCS. ..o i ittt ettt st st e e st e e e e snbeeeaeean 33
4.2 Body composition and bone mineral density.......cocooeoeieinineieeie s 34
I} =T AV Lo 7= o o U PSURN 35
4.4 DIETArY INTAKE...ecvietietietiet ettt ste st eteebe st et et e ebaebaebae b e s beabesse e ensesessnnsbabasaeaseesssnsnssssrraans 36
4.5 Determinants of bone mineral density (BIMID).......c.coveveieieieiiiieeieesteseeseeeirrreeeseeeeeeeeesannnans 38
4.6 Composition of dominant versus NoN-dominant arMsS........c.cceceeececeeeevecveeneeneeneeereeeerrree e 40
4.7 Changes in body composition OVEer the SEASON.......ccicceviie ittt e 41
CRAPLEr 5: DISCUSSION........ccviiticie ettt ettt et et ettt esbesbesbeebestee e sbesteersansesessasseesaesaesssaaens 43
5.1 SUMMAry Of KEY fINAINGS....ooiiiie ettt ettt st st ste e sre s e ssaes e s aesaessnnaes 43
5.2 Determinants of bone mineral density - Skeletal muscle Mass.......cccvvveeeeieeiiiciiiieeeeee e, 43
5.3 Nutritional considerations - CalCiUMi.......ccccoveciiieiri e s s esr e e e 45
5.4 Age as a predictor of bone mineral density......cccceeeeiiiiiiiiiiieiiie e 47
5.5 Other considerations when assessing stress fracture risk........cccceeeeevevciiiieeeieeee e, 47

IV



5.6 Composition of dominant versus Non-dominant arMsS..........ccuecueceieeceeneneenenrece e ereereereeeeeenes 48

5.7 Changes in body composition throughout the SEasoN..........ccccevevveeieieieieieccceece e 50
5.8 Gender differences in BMD between males and females.......cccovvveeeivevecccincceccece e, 52
Chapter 6: CONCIUSTON..........coiiii ettt ettt ettt e st e st e s tebe e eaeseesee e benseeeene 53
6.1 Strengths and limitations of this StUAY......ccccovvreiece e 53
6.2 Recommendations for fUtUre reSEarCh.........cc e s 55
6.3 CONCIUAING SUMMIAIY...uiiiiiiiiece et et e et st st stestesbesre e sreereeaeeeesnnsbaneaeaseesannnanes 55
R L=] = =T ol SR 57
AP ENAICES. ..cuvevietierietieter ettt e et et e stesbesbeebeebeeteeseseesaesaessessesbesbesbeaseaasessease sbesesanssssabssaeeeeesannnsanes 76



List of tables

Table 1.1: Contributions tO thiS STUAY ..........c.ocveeveveeireeieieieee ettt ste et e e e e e e e e sasbraaeeaeens IX
Table 4.1: PartiCipant CROIQCLEIISTICS .......cvuieeeceeiecteceee ettt esrtsre e e e e e e e e sabrare e e e e e s e e e e e s enes 33
Table 4.2: Bone mineral density and body COMPOSItION.......cccueveevecceiveeeeeeeiciiiiiieeee e eeeccieieanns 34
Table 4.3: Lifestyle and health factors including iNjUIy ..........couvveeeeeeecieeeeeee e 36
Table 4.4: Daily consumption of food groups compared to guidelines..............cccccceeeervvvenenne.. 37

Table 4.5: Multiple regression analysis to determine factors associated

With total BMID iN MQIE CIICKETEIS........ocoveeeeeeeeeetirteeeee e s ses ettt e e s eaaae e e s nae e aeesnsaeesteeseennn 38
Table 4.6: Multiple regression analysis to determine factors

associated with BMD at the spine in male Cricketers............uuvviciiieeieiiieeeeeeciiee e 39

Table 4.7: Multiple regression analysis to determine factors

associated with BMD at the hip in Male CriCKETOIS..........uvuuiveieiriceeieeieeieesee e ere e erereireea e e e 39
Table 4.8: Composition of dominant versus Non-dominant GrMs.............eeeeeeeeeeciiveeeeeeeeennnns 40
Table 4.9: Female changes in body COMPOSILION..........cueveevecieieiiiieeieeccirreeeeee e e e eeceerarareeeee e 41
Table 4.10: Male changes in body COMPOSITION.............c.ccevveeeeeeesenieieirereeeeeeeeecirrrreeeeeeeeesnns 42

VI



List of appendices

ApPendix A: AthIete diet INAEX.......c.ccueveeeeeeeeeirtire ettt st ettt et sesteste st e e e e saaeessnsaeeesnses 76
Appendix B: Questions from Food frequency questionnaire (FFQ)..........cocceevveveveveeeeivvveenennn. 89
Appendix C: Calcium content of foods using fOOAWOIKS 8...........coovueeeeveeeeeeineeieireirreereeeeeeeeeinns 91
Appendix D: Lifestyle and health QUESTIONNQITE.............c..cuceeceveeeeeereceee e eeeeeeereereeraersareeeeeenae s 92
AppPendiX E: INJUIY QUESTIONNGUIE. ...t e e e e s e e e e e e e e e e e e e e aaaaaaaaaaaaaaas 101
Appendix F: Standard operating procedure fOr BlA........... v ieneceeeecirrreeeeeeeeeseesiivsneeeeens 104
Appendix G: Standard operating procedure for DXA ... eiecieieeieeciirreeeeeeeeeeeesissseseeeens 106

VII



List of abbreviations

BIA: Bioelectrical Impedance Analysis
BMC: Bone Mineral Content

BMD: Bone Mineral Density

BMI: Body Mass Index

Cm: Centimetre

CSA: Cross-sectional area

DXA: Dual X-ray Absorptiometry
FFM: Fat Free Mass

FFQ: Food Frequency Questionnaire
GFR: Glomerular filtration rate

IGF-I: Insulin-Like Growth Factor-I

IU: International units

Kg: Kilogram

Mcg: Micrograms

Mg/dL: milligrams per decilitre
Nmol/L: Nanomol per litre

UcOC: Under-Carboxylated Osteocalcin
UVB: Ultraviolet B

NASA: National Aeronautics and Space Administration
RDI: Recommended Dietary Intake
SD: Standard Deviation

SMM: Skeletal muscle mass

P: p-value (statistical analysis)

PTH: Parathyroid hormone

UL: Tolerable Upper Intake level

pg: Microgram

VIII



Contributions to research

Researchers

Contributions to the thesis

Corey Payne

Main researcher, data collection, data
entry, statistical analysis, interpretation

and discussion of results

Shelley McDonald

Co-ordination of participant recruitment,
DXA testing, data collection, participant

liaison

Dr Kathryn Beck

Main academic supervisor, data collection,
guidance with structure, content, and
statistical analysis, questionnaire design,
interpretation of results, editing and

formatting

Dr Pamela von Hurst

Academic supervisor and assistance with
statistical procedures and analysis, DXA
testing, BMD expertise, interpretation of

results, editing and formatting

Owen Mugridge

DXA testing, equipment calibration, data

analysis

P.CTong DXA testing and analysis, equipment
calibration,  assistance  with  online
guestionnaires, data storage

Julie Knight DXA testing

IX






