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Abstract

Background. Pace bowling is the most injury susceptible position in cricket due to repeated high intensity
maneuvers. Previous studies on pace bowlers have considered anthropometric, biomechanical, and kinesiological

factors for deciphering the injury etiology.

Study purpose. The purpose of this study was to prospectively investigate the association of body composition
parameters with the incidence of musculoskeletal injuries among pace bowlers in cricket.

Materials and methods. A total of 44 healthy professional male pace bowlers (N=44; Age: 22.89+4.5 years; Height:
176+9 cm; Body weight: 76.34+8.09 kg; BMI: 21.4+3.1) were recruited from various cricket academies. They

were assessed on anthropometrics, body composition, and aerobic fitness before the start of Indian cricket season
(typically mid-September). Any non-contact sports injury accounting for significant time loss during the season was
recorded followed by assessment of change in body composition status among injured and non-injured pace bowlers.
Results. We found hamstring injury as the most prevalent injury (05/12). Lower back injury accounted for highest
severity with time loss of 48 matches. Injured pace bowlers underwent higher training volume (hours/day; p=.009)
prior to injury incidence, were significantly heavier, and had greater volume of total body water. All the pace bowlers
gained significant amount of fat-free mass (FFM) from pre- to post-season.

Conclusions. Higher training workload and higher body weight were associated with more injury risk among pace
bowlers. Further research accommodating other predictive factors of body composition and psychomotor learning
must be carried out to precisely predict injury risk among pace bowlers in cricket.

Keywords: pace bowling, musculoskeletal injury, body composition, fat-free mass (FFM), training load.

Introduction

Multi-format cricket (Test cricket, One-day, and
T20) has placed greater physiological and psychological
demands on the players to fulfil national and franchise-level
commitments. Since pace bowling requires high number of
explosive sprints, jumps, twist and throws, it is considered as
the most injury-susceptible department in cricket (Olivier
et al., 2015). With the increment in number of fixtures, they
have limited time for recovery and hence, are at greater risk
of sustaining acute and/or overuse injuries (Dennis et al.,
2004; Dennis et al., 2005; Dovbysh et al., 2021; Orchard et
al.,, 2015). Common injuries related to pace bowling are
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lumbar spine pathologies (particularly stress fractures),
muscle strains, acute and chronic knee, ankle, hip and
shoulder sprains (Constable et al., 2021; Pardiwala et al.,
2018; Stronach et al., 2014). A high bowling workload along
with other intrinsic and extrinsic factors contributes to a
higher risk of injury among pace bowlers (Olivier et al.,
2016). Body weight and body composition have turned out
to be potentially modifiable intrinsic risk factor for sport
injury risk (Caine et al., 2008; Emery, 2003).

Most researches have focused only on epidemiology,
anthropometric measurements, and biomechanical analysis
for deciphering the injury etiology in cricket pace bowlers
(Johnstone et al., 2014; Pyne et al., 2006; Stuelcken et al.,
2007) and there has been limited amount of research on
the association of body composition to musculoskeletal
injuries among pace bowlers in cricket. Since, BMI has
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been an inconsistent indicator of body composition in
sports (Lambert et al., 2012; Ode et al., 2007; Torstveit &
Sundgot-Borgen, 2012); we aimed to analyze the association
of different body composition parameters with the incidence
of musculoskeletal injuries among pace bowlers in cricket.

Materials and Methods

Participants of the study

A total of 44 previously healthy professional male pace
bowlers (N=44; Age: 22.89+4.5 year; Height: 17629 cm; Body
weight: 76.34+8.09 kg; BMI: 21.4+3.1) with a minimum of
inter-state level cricket participation were recruited at the
start of the cricket season. This prospective study expanded
over one year comprising one cricket season and one off-
season (typically mid-September to mid-June). Dhillon et
al. (2012) defined cricket season as “the time period when
players play competitive matches whereas off season is
defined as the one when players keep on practicing daily
and often play local matches on weekends” (Dhillon et
al., 2012). The purpose of research was explained to them
and they provided their written informed-consent. All the
players completed a questionnaire on general details, details
about sports training, and history of any injury at the time
of data collection. The study involved data collection in
non-invasive manner and conducted in accordance with the
guidelines of the Declaration of Helsinki.

Design of the study

The anthropometric, aerobic fitness, and body
composition were evaluated at the start of the season.
Height was measured using stadiometer (AVI Healthcare
Stadiometer, India). Body weight was measured to the
nearest 0.1 kg on an electronic scale (Tanita BWB-800S,
Tanita Corporation, Tokyo, Japan). BMI was calculated using
the formula: Weight (kg)/Height (m)®. Body composition
parameters were measured using Bio-Electrical Impedance
(BIA) (BioScan 916, Maltron International Ltd, Rayleigh,
Essex, UK) according to the standard protocol (Walter-
Kroker et al., 2011). Aerobic fitness was assessed using the
Yo-Yo Intermittent Recovery Test Level 1 (YYIRTLI1) at the
start of the season. The details about testing protocol and
scientific authenticity of this field-based test can be found
elsewhere (Bangsbo et al., 2008; Deprez et al., 2014).

To record their injury status, we encouraged the pace
bowlers to immediately report any playing-related injury

or discomfort to us telephonically. Thereafter we met them
in-person and assessed their injury severity as described
(Orchard et al.,, 2016). Severity was determined based on
the numbers of matches missed until the player returned
to play (Blanch et al., 2015). Any acute or chronic injury
during competition/training accounting for significant
loss of playing time fell into the category of sports injury,
as described previously (Orchard et al., 2016). We took
their body composition assessment within a day of injury
incidence at their places. We recorded only non-contact
injuries during pace bowling and those occurring during
batting and fielding were not considered.

Statistical analysis

The statistical analysis of the collected data was
performed using IBM SPSS 22 (IBM Corp. USA). The mean
and standard deviation were calculated for the continuous
variables. Groupwise comparisons were made using
independent sample t-test between healthy and injured pace
bowlers’ groups. Also, pairwise comparisons were made
between pre- and post-season body composition parameters
among healthy and injured pace bowlers. P-value <0.05 was
considered statistically significant.

Results

The descriptive characteristics of the pace bowlers
included in the present study are presented in Table 1.
Shapiro-Wilk test for normality showed insignificance for
all the descriptive variables except for Yo-Yo test (p=0.03)
among healthy pace bowlers because the participants were
physically active and participated in training and match-
play uniformly. Levene’s test for equality of variances showed
insignificance for all the variables except training hours
(hours/day; p=0.023), so we performed independent sample
t-test with unequal variances.

The injured pace bowlers had undergone signifi-
cantly greater amount of training volume (training
hours (hours/day)) than healthy pace bowlers (p=0.009;
table 1). The incidence of hamstring injury was the most
among 05 pace bowlers with mean severity (no. of matches
missed due to injury) of 13.2 matches (figure 1).

Among injured pace bowlers, the one with lower back
injury suffered the highest time loss of 48 matches, followed by
one with knee injury (21 matches’ loss due to injury) (table 2).

Injured pace bowlers also had greater amount of total
body water as compared to healthy pace bowlers (table 3).

Table 1. Descriptive statistics of the pace bowlers included in the present study

Healthy Pace Bowlers (n=32)

Injured Pace Bowlers (n=12)

Parameter Shapiro- Shapiro- Levene’s p-value®
Mean+SD 95% CI Wilk Mean+SD 95% CI Wilk testa
Age (yrs) 22.2+2.2 21.4-23.03 0.26 22.5+2.5 20.9-24.1 0.63 0.704 0.743
Height (cm) 171.9+5.4 169.9-173.8 0.52 170.9+5.4 167.5-174.4 0.55 0.888 0.606
TrainingHour (hour/day) 5.7+1.2 5.2-6.1 0.13 6.4+0.7 6.0-6.9 0.25 0.023¢ 0.009¢
Yo-Yo Test (m) 1584.4+191.7 1515.2-1653.5  0.03° 1590.8+164.7 1486.2-1695.5 0.05 0.414 0.918

a. Levene’s test for equality of variance among groups.
b. P-value for independent sample Student’s t-test statistics.
c. P-value significant at 0.05.
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Table 2. Descriptive details of the pace bowlers with injury-wise stratification of data

Healthy PB (n=32)

Injured PB (n=12) Mean+SD

Parameter

Mean+SD GI LBI CI HI KI Al

(n=01) (n=01) (n=02) (n=05) (n=01) (n=02)
Age (years) 22.2+2.2 20 24 21.5+£0.77 21.92+3.08 26 23.65+2.19
Height (cm) 171.9+5.4 172 177 173.5£2.12 169.6+£6.98 172 167.5+£6.36
TrainingHour (hour/day) 5.7+1.2 6.5 6 6.5+0.70 6.8+0.57 6 6+1.41
Yo-Yo Test (m) 1584.4+191.7 1690 1180 1680+28.3 1592+151.39 1580 1660+42.43
Severity (match loss) 08 48 11+1.41 13.2+2.95 21 12.5+0.71
Pre Body weight 68.09+4.33 77.0 78.1 73.95+2.75 68.36+4.05 68.4 71.5£3.53
Post Body weight 68.58+4.02 76.4 76.9 73.6+1.55 69.04+5.20 68.3 71.45+1.91
Pre BMI 23.05+1.13 26.02 24.93 24.58+1.52 23.78+1.14 23.12 25.49+0.68
Post BMI 23.23+1.28 25.82 24.54 24.46x1.11 23.99+0.91 23.08 25.49+1.25
Pre FFM 83.58+2.36 81.4 78.9 81.8+£0.28 83.6+1.83 82.6 82.3+£3.25
Post FFM 84.47+2.43 81.9 80.9 82.65+0.07 84+2.18 83.2 82.5+£3.25
Pre FM 16.41£2.36 18.6 21.1 18.2+0.28 16.4+1.83 17.4 17.7£3.25
Post FM 15.53+2.43 18.1 19.1 17.35+£0.07 16+2.18 16.8 17.5£3.25
Pre TBW 40.18+2.55 45.43 46.08 43.63£1.63 40.33+2.39 40.35 42.18+2.08
Post TBW 40.46+2.37 45.07 45.37 43.42+0.92 40.73+3.07 40.3 42.15+1.12

PB: Pace bowlers; GI: Groin injury; LBI: Lower back injury; CI: Calf injury; HI: Hamstring injury; KI: Knee injury;
Al: Ankle injury; Pre: Pre-season; Post: Post-season

Table 3. Comparative analysis for Body Composition parameters among cricket pace bowlers

Parameter Pace Bowlers (I;\ZZ:;ZSS(]);) f;/[set;;ilsslo)l; Mean Diff. t(-ls,t_igls;iec)s

Body Weight (kg) Healthy 68.1+4.3 68.6+4.0 0.48 -1.8 (0.087)
Injured 71.4+4.6 71.4+4.4 0.05 -0.13 (0.899)
Mean Diff. 33 2.8
t-statistics (p-value) 2.2 (0.034*) 2.0 (0.049%)

BMI Healthy 23.1+1.1 23.2+1.3 0.18 -1.9 (0.065)
Injured 24.4+1.2 24.4+1.1 0.01 -0.09 (0.923)
Mean Diff. 14 1.2
t-statistics (p-value) 3.5(0.001%) 2.9 (0.006%)

FFM (kg) Healthy 83.6+£2.4 84.5£2.4 0.89 -6.5 (0.000%)
Injured 82.442.0 83.0£1.9 0.60 -3.8 (0.003%)
Mean Diff. 1.2 1.5
t-statistics (p-value) -1.5(0.140) -1.9 (0.071)

FM (kg) Healthy 16.442.4 15.542.4 0.89 6.5 (0.000%)
Injured 17.6+2.0 17.0£1.9 0.60 3.8 (0.003*)
Mean Diff. 1.2 1.5
t-statistics (p-value) 1.5 (0.140) 1.9 (0.071)

TBW (liter) Healthy 40.242.6 40.5+2.4 0.28 -1.8 (0.087)
Injured 42.1+2.7 42.1£2.6 0.03 -0.13 (0.899)
Mean Diff. 1.9 1.7
t-statistics (p-value) 2.2 0(.034%) 2.0 (0.049%)

*P-value significant at 0.05.
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Injury Status
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Fig. 1. Frequency of Injuries among professional first-class cricket
pace bowlers with severity (no. of matches missed due to injury)
shown in parentheses

Discussion

Pace bowling is the most injury susceptible playing
position in cricket due to performing high intensity
movements repeatedly (Dovbysh et al., 2021). This season-
long study investigated the association of different body
composition parameters with musculoskeletal injury risks
among pace bowlers in cricket. Twelve pace bowlers (12/44;
27.3%) sustained acute/chronic musculoskeletal injuries
during the course of this study with hamstring injury
being the most prevalent (41.7%; 05 out of 12; figure 1),
in line with the previously published literature (Dovbysh
et al., 2021). The pace bowlers included in our study were
relatively younger with mean age of injured and healthy
pace bowlers being 22.5+2.5 years and 22.2+2.2 years
respectively (table 1). Younger age is associated with an
increased injury risk among pace bowlers probably due to
skeletal immaturity, disproportionate bowling workload,
and nutritional limitations (Blanch et al., 2015).

Our results showed that the injured pace bowlers had
undergone greater training volume or workload (hours/day)
as compared to healthy pace bowlers before the onset of
injury (6.4+0.7 vs. 5.7£1.2 hours/day; P=.009; table 1).
Amount of bowling workload (the number of overs bowled)
has been directly related to the risk of lower back and other
musculoskeletal injuries among pace bowlers (Constable
et al., 2021; Dennis et al., 2003). The pace bowlers who
sustained injury during the season were significantly heavier
than healthy pace bowlers at pre- (71.4+4.6 kg vs. 68.1+4.3
kg; P=.034) and post-season (71.4+4.4 kg vs. 68.6+4.0 kg;
P=.049). Wealso investigated the training-associated changes
in body composition parameters among pace bowlers
from pre- to post-season and found that FFM increased
significantly from pre-season to post-season among healthy
(83.6£2.4 vs. 84.5+2.4; P=.000) as well as among injured fast
bowlers before injury onset (82.4+2.0 vs. 83.0£1.9; P=.003)
(table 3). Similar trend was observed among injured and
healthy pace bowlers in TBW composition (table 3).

Conclusions

These results indicate positive changes towards a loss in
FM as a result of training. We did not find any meaningful
differences between injured and healthy pace bowlers
in other body composition parameters at pre- and post-
season (table 2 & 3). The findings of present study must be
interpreted cautiously keeping certain limitations in mind.
The participants in our study were male only and since,
gender has a proven impact on anatomical, anthropometric,
and physiological aspects of sports performance, similar
studies must be carried out on female participants. Since
most of the assessment was field-based, the effect of
temperature, climate, and sun could have an impact over the
outcomes of our study. Nutritional and dietary information
of participants was self-reported and the type and amount
of nutritional supplementation might affect the body
composition of the participants.

Recommendations

Pace bowlers in cricket should be strictly screened for
body composition before, during and after the competitive
seasons to maximize injury prevention. With BMI unable
to predict sports injury accurately, other techniques of body
composition assessment should be extensively utilized.
Further research should be carried out to accommodate
more predictive factors needed to accurately predict injury
risk among pace bowlers in cricket. Variables related to
psychomotor learning should be included in future studies.
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MOPIBHAHHA 3MIH CKNTAAY TUIA TA BESBKOHTAKTHUX
TPABM OMOPHO-PYXOBOIO AMNAPATY CEPEAl MPO®ECINHUX
WBUAKUX BOYJIEPIB Y KPUKETI MEPLUOIO PIBHA

Mamnisax llykna'A®<P, BiBek Ilanpmeit*A°°

'ATpCBHKUIT KOMTeK
*Hanionanbanit iHCTUTYT ¢isuyHoro BuxoBaHHA iMeni Jlakimmi bait

ABTOpPCHKMIT BKIAJ: A — am3aitH gocnipkenHs; B — 36ip ganux; C — cratananis; D — migroroska pykorcy; E — 36ip komtis

Pedepar. Crarts: 6 ., 3 Tabn., 1 puc., 24 mxepena.

Icropis nuranus. [IByunkuit 60yIiHT € Hallypas3IMBILIO 1O TPaBM IIO3MIIi€I0 B KPUKeTi Yepes 6araTopasosi BIMCOKOIHTEH-
CUBHI MaHeBpH. Y TOIepeHiX FOCTIIKEHHAX MBUAKMX 60y/IepiB /11 BUSHAYEHH: eTioNoril TpaBM Opan 10 yBary aHTpOIIOMe-
TpuuHi, 6iomMexaHiuHi Ta KiHe3ionoriuni pakropn.

Mera gocnifKeHHs. MeTo0 1[bOTO LOCII/PKEHH: 0Y/I0 IepCreKTUBHe BUBYEHH 3B 513Ky IIapaMeTpiB CKIajly Tila i3 4acTo-
TOIO TPABM OIIOPHO-PYXOBOTO allapaTy cepefl MIBUAKUX O0Y/IepiB y KPUKETi.

Marepianu Ta MeTOM. 3arajioM y HOCII/PKeHHI B3S/IM y4acTb 44 3m0posi npodeciitni mBuaki 60ynepy 4omoBivoi crari
(N=44; Bik: 22,89+4,5 poky; 3pict: 176+9 cM; Maca Tima: 76,34+8,09 xr; IMT: 21,4+3,1) 3 pisHux akafemiit kpukery. Ilepen mo-
YaTKOM Ce30HY KpukeTy B IHpil (3a3Buuail y cepeiuHi BepecH:) IX OLIHIOBA/MM 33 AaHTPOIOMETPUYHUMI XapaKTePUCTUKAMIU,
CK/IaJIoM Ti/la Ta piBHeM aepoOHOI MifroTOBIEHOCTI. PeecTpyBamm Oyab-AKy 6€3KOHTAKTHY CIIOPTMBHY TPaBMY, AKa 3YMOBIIOE
3Ha4Hi BTPATU Yacy IPOTATOM CE30HY, 3 IIOJA/TbUIOK OLiHKOI 3MiHM CTaHy CKJIafy Tijla cepefi TPaBMOBAHMX i HETPAaBMOBAaHIX
IIBUAKMX O0yIIepis.

Pesynpraru. 3a pesyabrataMu JOCTIIKEHHs 010 BCTAHOBJIEHO, 1[0 HAIIONIMPeHimow0 TpaBMoo (05/12) € TpaBma mifKo-
JiHHOTO CYX0XW/IA. TpaBMa HIDKHBOTO (ITOIIePeKOBOTo) BTy CIIMHM BifIIOBi/jaa HaIBUILOMY CTYIIEHIO TAXKKOCT] i3 BTpaToio
vacy 48 maruis. TpaBMoBaHi mBUAKI 60yIepyu mpoxopum 6i1bInit 06csr TpeHyBaHb (roguH/feHb; p=0,009) o Bumazkis Tpas-
MYyBaHH:A, Oy/I1 3HAYHO BaXKYMMM Ta MajM OibInii 06’eM 3arabHOrO BMICTY BOIM B OpraHisMi. 3a yac Bifj epefice30HHOrO 10
HiC/IsICE30HHOTO Hepiofy BCi MBUAKI 60ynepy Habpamy sHadHMI 00csr Macu Tina 6es xupy (FFM).

BucHoBku. Binblile TpeHyBaIbHe HABAaHTA>KEHH: Ta Oi/IbliIa Bara Tia Oy/Iu oB’si3aHi 3 Oi/IbIINM PU3MKOM TPAaBMYBaHH: Ce-
peq mBUAKUX 60yepi. /11 TOYHOro NPOrHO3yBaHHA PUSHMKY TPaBMYBaHHA cepef LIBUAKMX 60y/IepiB y KpMKeTi HeoOXiHO Ipo-
BOZIUTY HOJIbILI JOCTI/PKEHHS 3 yPaXyBaHHAM iHIIMX HIPOTHOCTMYHUX (AaKTOPiB CKIa/y TiNa Ta ICMXOMOTOPHOIO HaBYaHHA.

KirouoBi cnoBa: mBuKuit 60y/IiHT, TpaBMa OIIOPHO-PYXOBOTO allapaTy, CKIaf Tina, Maca tina 6e3 xupy (FFM), rpenyBanpHe
HaBaHTAXXCHHS.
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