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Abstract

Purpose To systematically review all the physiological and nutritional research conducted in squash to guide practitioners
and researchers on how best to interpret the data, while identifying gaps in the literature to determine future directions of
research within squash.

Methods Following PRISMA guidelines, studies investigating an aspect of physiology or nutrition within squash were iden-
tified using scientific databases CINAHL, MEDLINE, PUBMED, and SPORTDiscus, from March 2022 to October 2023.
Results Of the 1208 studies identified, 35 met the inclusion criteria across a variety of physiological and nutritional topics,
such as the physiological demands of squash, anthropometric and physiological characteristics of squash players, squash-
specific performance tests, training demands of squash, nutritional requirements of squash, hydration demands of squash,
nutrition knowledge of squash players, and nutritional supplements for squash players. Ten studies had poor methodological
quality, 19 as fair, four as good, and two as excellent. Seventeen out of 35 studies included were undertaken post the 2009
rule change, and 14 studies were conducted on either elite or world class players. Twenty-nine of the studies involved male
players, with 15 involving female players.

Conclusion Much of the physiological and nutritional literature is of low quality and outdated. We present future research
focuses throughout the review, such as quantifying the game characteristics of male and female players, the energy expen-
ditures during a training and competition microcycle, and the efficacy of certain nutritional supplements. These efforts aim
to create sport specific guidelines and advance evidence-based practice within squash.

Keywords Sports physiology - Sports nutrition - Racket sports - Squash - High intensity intermittent sport

Introduction side wall lines [106]. There are 123 national squash fed-

erations and 50,000 courts worldwide [107]. Squash is cur-

Squash is classified as one of four major racket sports along
with badminton, tennis, and table-tennis [50]. It was first
played at Harrow school in 1865, originating from a combi-
nation of the traditional racket sports, including real tennis
and racquets [105]. Squash is unique to other major racket
sports as players compete in the same area of the court, with
the simplest rules being that the ball must be struck before
bouncing twice and hit the front wall, landing above the tin
line (bottom out of court line) and below the front wall and

< Ollie Turner
b3014365 @my.shu.ac.uk

Academy of Sport and Physical Activity, Sheffield Hallam
University, Sheffield, UK

Uk Sports Institute, Manchester, UK

Published online: 14 November 2024

rently included in the Pan-American Games, Asian Games,
Pacific Games, Commonwealth Games, and World Games
programmes [107]. It was also showcased at the 2018 Youth
Olympic Games and has recently gained inclusion into the
Los Angeles 2028 Summer Olympic Games programme
[68]. The Professional Squash Association is the global
governing body for men’s and women’s professional squash
around the world. It has over 1400 registered players and
runs more than 600 competitions around the world each year
[72]. At the elite level, squash is a high intensity intermittent
sport which requires a blend of physical, technical, psycho-
logical, and tactical capabilities [43]. Elite male matches
are reported to last a mean match duration of 54 minutes,
with players covering a mean distance of 1848 m through-
out a match [63]. Squash is characterised by sport-specific
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movements which are highly dynamic and acyclic in nature,
such as 3—6 metre sprints, lunges, and changes of direction
[98].

Elite male squash has been reported to elicit a mean
energy expenditure of 4933 + 620 kJ/h, a mean heart
rate of 92% + 3% of heart rate maximum (HR_,,) and
a mean respiratory exchange ratio (RER) of 0.94 + 0.06
[33], demonstrating the high intensity nature of the sport.
However, in 2009, the World Squash Federation and
Professional Squash Association standardised the rules
for professional players, changing the scoring system from
the 9 point-on serve (POS9) to an 11 point-a-rally (PAR11),
while also lowering the tin line from 48.3 to 43.2 cm. This
has been reported to alter the physical demands and shot
characteristics of the sport, reducing the duration of rallies
(pre rule changes = 15.0 + 5 s, post rule changes = 13.2 +
16 s), while increasing the number of shots per rally (pre
rule changes = 11 + 16; post rule changes = 13 + 19) [63].
An interpretation of this data could be that players have
changed their shot strategies to become more attacking
because of the lowered tin height, as conveyed by the
shorter rally durations. It can be debated that much of the
research undertaken in squash is outdated due to these rule
changes. Consequently, the purpose of this review was to
evaluate the current physiological and nutritional literature
on squash. This investigation will contribute to the current
knowledge of squash by synthesising literature and have a
positive impact on applied practice by presenting guidance
for scientists, coaches, and players, whilst identifying gaps in
knowledge to guide future research directions within squash.

Methods
Protocol and Registration

This review was conducted in accordance with the
contemporary guidelines of the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA)
[69] and was prospectively registered on the Registry of
Systematic Reviews & Meta-Analyses (registration number
1328) [79].

Eligibility Criteria

Original research such as randomised control trials,
observational and cross-sectional studies using squash
players, which are published in peer reviewed journals, were
included in the review. Excluded items included abstracts,
conference posters, review articles and unpublished theses.
All ‘standards’ of squash performance (e.g. beginner,
recreational, collegiate, national, elite and world class
etc.) were included. Only studies written in English were
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included. Studies were required to investigate an aspect
of nutrition (e.g. nutrition knowledge, dietary analysis,
effects of a nutritional substance on squash performance)
or physiology (e.g. energetic demands, training load,
performance test, physiological profiling etc.) relating to
squash. The underpinning biochemical and physiological
demands of squash inform nutritional recommendations,
hence these two subject areas were combined in this review.

Search Strategy

Studies that investigated an aspect of nutrition or physiol-
ogy relating to squash were identified through the following
databases: CINAHL (EBSCO), MEDLINE (EBSCO), PUB-
MED, and SPORTDiscus (EBSCO). A literature search was
conducted every month, upon inception (March 2022) until
the end date (October 2023), to retrieve newly published
articles. The search strategy combined the terms (“squash
sport [MeSH Terms]”) AND (“squash[Title]”). Addition-
ally, citation chaining (where another source cites another
source) was also performed after the literature search using
identified studies to discover other relevant research arti-
cles. After conducting the search strategy, duplicate studies
were removed using Refworks bibliography software (Pro-
Quest). Two independent reviewers (OT and NM) assessed
reviewed the titles, abstracts, and descriptors of identified
studies to determine eligibility. Full texts of studies that
satisfied the inclusion criteria were reviewed before being
selected. If there were any disagreements in this process, a
third reviewer (MR) was conferred with (Fig. 1).

Data Extraction

Data extraction was conducted by the first author (OT)
into an Excel (V 16.58, Microsoft) data extraction form.
Extracted information included but not exclusive of; (1)
participant and study characteristics (authors, age, sex,
stature, body mass, sample size, playing standard); (2) type
of intervention (randomised control trial, observational,
cross-sectional); (3) measurement of intervention (test
procedure, frequency, duration etc.); (4) means and standard
deviations (SDs) for outcome measures of the intervention
(e.g. nutrition knowledge score, energy expenditure, RER,
time etc.).

Assessment of Methodological Quality

The PEDro scale was used to assess the methodological
quality of studies (Pedro [70]. The scale rates the quality
of clinical trials [16] and is commonly used across physi-
otherapy, health, medical research, and sport [26]. The scale
has been shown to be a valid and reliable tool to distinguish
between studies with low and high methodological quality
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Fig. 1 PRISMA flow chart
displaying the study selection
process

Identification

Records identified through database
searching (n =1208)

Records identified through citation
chaining and other sources (n = 16)

v

Screening

Duplicates removed (n =284)

Research screened by title and

- Records excluded (n =892)

abstract (n =940)

Eligibility

Full text articles assessed for
eligibility (n = 48)

Full texts excluded (n =13)

Reasons:

Resistance training prescription

Inclusion

Studies eligible included inthe
review (n =35)

(n=15)

Review article (n =3)
Conference abstract (n =2)
Not related to squash (n =2)
Not peer reviewed (n=1)

[16]. Although the scale was originally intended for physi-
otherapy and clinical trials, it is considered comparable to
other methodological quality scales [16]. The scale consists
of 11 items, assessing external validity (item 1), internal
validity (items 2 to 9), and statistical reporting (items 10
and 11). Each item is rated 1 or O (yes or no), depending
on whether the criterion is satisfied in the study [26]. Items
2-11 scores are collated to provide a score between 0 and 10.
Studies with a greater methodological quality have a higher
score. Scores of less than 4 are considered ‘poor’, 5-6 are
considered ‘fair’, 6-8 are considered ‘good’ and 9-10 are
considered ‘excellent’ [30]. The PEDro scale has exhibited
‘excellent’ inter-rater reliability for clinical trials (intraclass
correlation coefficient [ICC] = 0.91) [36]. The assessment
of methodological quality was conducted by two reviewers
(OT and NM). A third reviewer (MR) was conferred with if
there were any disagreements.

Results

Overall, 35 studies were considered to have met the inclusion
criteria and were included in the review (see Fig. 1). Table 1
displays the study characteristics, aims, methodology,
results, key findings and PEDro quality rating of the
reviewed studies. Many of the studies conducted in squash
had poor (10) or fair (19) methodological quality, with
only four being considered good and two being considered

excellent. Only 14/35 studies were conducted on elite or
world class players. Twenty-nine of the studies involved
male players, with 15 studies involving female players,
while four studies did not specify the sex of the player(s).
Overall, 78% of players included in studies were male, while
22% were female. Studies that did not report the sex of the
player(s) were not included in the percentage calculation.
Only 17/35 studies reviewed were published during or after
the 2009 rule change.

Physiological Demands of Squash

Thirteen studies have quantified a physiological demand
of squash, with four studies published during or after the
20009 rule change, and four studies including either elite or
world class players. The physiological demands of junior
squash players have been quantified through heart rate and
blood lactate concentrations during match play [54]. In
recreational players, the energetic demands [60], heart rate
response [7, 9, 10, 11, 52, 60], blood lactate concentrations
[71, blood pressure response [10, 13], and rectal temperature
during squash match play [10] have been quantified, as
well as the metabolic responses [12, 52] and alterations
in neuromuscular function post squash match play (Girard
et al. 2008). In elite players, a game analysis has quantifyied
physiological responses during match play among male
players [33].
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Table 2. Anthropometric characteristics of squash players

References Participant N (sex) Age (years) Stature (cm) Body mass (kg) body fat (%) Method of body
(Country/Area) standard tier fat % calculation
Beaudinetal.,, 2 10 (M) 29.4 77.4 10.3 Not disclosed
(71
(Canada)
Bottoms etal.,, 3 16 (M) 31+6 178 +£2 80.1 + 12
[11]
(Scotland)
Chinetal., [17] 4 10 20.7 2.5 172 +4.3 67.7+6.9 74+34 Sum of 3
(Hong Kong, (Not specified) skinfold
China) thickness
Girard et al., 3-5 7 M) 249 +4.1 177 £5.9 72.1+6.1
[35] (France)
Girard et al., 3-5 7 M) 249 +4.1 177 +5.9 72.1 + 6.1
[33]
(France)
Girard et al., 2 10 (M) 3224173 179 +£4.5 742 +5.5
[34]
(France)
Gouttebarge 4 6 (F) 31+8 170 + 8.3 59.5+5.7
etal., [37]
(Netherlands)
James et al., 4 6 (M) 203 £ 2.1 171+ 7 64.7 +6.3
[42] 2(F)
(Malaysia)
James et al., 4 11 M) M=20+3 M=172+8 M=66+5
[40] 4 (F) F=19+1 F=158+4 F=524+5
(Malaysia)
James et al., 4 21 (M) M=20+4 M=173+6 M=65+6 M=9+2 Sum of 7
[41] 10 (F) F=18+5 F=160+4 F=557+5 F=19+5 skinfolds
(Malaysia) thickness
Kingsley etal., 2 8 (M) 16.2 + 0.8 176 + 6 613+6
[47]
(Wales)
MacGowan Not specified 12 24 178 71.5
etal., [53] (Not specified)
(Ireland)
Madjumdar 2 33 (M) M=18+2 M=168+6 M=579+8 M=151+79 Sumof4
et al., [54] 9(F F=16+1 F=165+6 F=61.6+53 F=259+6.5 skinfolds
(India) thickness
Micklewright 1-3 11 (M) M=204+3 M=179 +4 M=738+175
and Papapdo- 10 (F) F=221+57 F=166=+10 F=603+55
poulou [58]
(England)
Montpetitet al., 1 16 (M) 27+5 70.5+ 8.2
[60]
(Canada)
Raman et al., [75] 2-3 9 (M) 24 + 8 180 £ 1 76.9 + 6.8
(New Zealand)
Romer et al., 3 9 M) 213+0.3 177+ 4 73.3+3.3 152+14 Sum of 4
[81] skinfolds
(England) thickness
Rosimus [82] 4 1 (F) 19 178 80.9 22 Sum of 8
(England) skinfolds
thickness
Turner et al., 4&5 7 (M) M=25+5 M=184+2 M=789+73
[95] 7 (F) F=25+4 F=169+7 F=63.7+8.6
(England)

@ Springer
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Table 2. (continued)

References Participant N (sex) Age (years) Stature (cm) Body mass (kg) body fat (%) Method of body
(Country/Area) standard tier fat % calculation
Ventura-Comes 4 (I)and 3 (N)  Tier4 = Tier4 =25 + Tier 4 = 180 Tier4 =72.1 +
[97] 10 (M); 4 (F) 6.2 +1 10.1
(Spain) Tier 3 = Tier3=35.6+ Tier3 =170 Tier 3 =683 +
20 (M); 8 (F) 14.2 +1 11.4
Ventura-Comes 4 (I) & 3 (N) Tier 4 = Tier4 =25 + Tier4 =178 Tier4 =72.1 +
[96] 10 M); 4 (F) 6.2 +1 10.1
(Spain) Tier 3 =20 Tier3=35.6+ Tier3 =173 Tier 3 =683 +
(M); 8 (F) 14.2 +1 11.4
Wilkinson et al., 2 8 30+ 11 180 + 4 81.3 +£10.2
[101] (not specified)
(England)
Wilkinson et al., 2 8 (not specified) 30 +9 177+ 5 69.4 + 6.7
[101]
(England)
Wilkinson et al., 2 10 (M) 23+4 180 +5 79.7+5.3
[101]
(England)
Wilkinson et al., 2 8 (M) 25+5 177+ 4 728 +7.8
[104]
(England)
Wilkinson et al., 3-5 Senior = Senior (M) = 26 Senior (M) =
[100] 7 M); 5 (F) +2 795+ 6
(England) Transitional =  Senior (F) = 25 Senior (F) =
3(M); 4 (F) +2 62.5+3.1
TASS = Transitional (M) Transitional (M)
9 M); 3 (F) =22+1 =699+28
Transitional (F) Transitional (F)
=21=+1 =584+17
TASS (M) =20 TASS (M) =
+1 69.5 + 6.8
TASS (F) =20 TASS (F) =
+1 66.2 +9.1

Participant standard tier [57], Tier 0 = sedentary; Tier 1 = Recreationally active; Tier 2 = Trained/Developmental; Tier 3 = Highly Trained/
National Level; Tier 4 = Elite/International Level; Tier 5 = World Class; TASS talented athlete scholarship scheme

Anthropometric Characteristics of Squash Players

Twenty-six studies included an anthropometric characteristic
(Table 2), with 12 studies published after the 2009 rule
change, as well as 13 including either elite (tier 4) or world
class (tier 5) players.

Physiological Characteristics of Squash Players

Nineteen studies have quantified a physiological
characteristic of squash players (Table 3), with nine of these
studies being published after the 2009 rule change, and six
of the studies including either elite (tier 4) or world class
(tier 5) players.

@ Springer

Squash-Specific Performance Tests

Table 4 outlines the characteristics of the squash-specific
performance tests. Ten studies have created squash-specific
performance tests to quantify a variety of physiological and
technical capabilities, such as change of direction speed
[103], multiple sprint ability [104], and players endurance
capacity [17, 35, 37,42, 47, 58, 88, 103].

Training Demands of Squash

Two studies have quantified the training demands of squash
players. Research has quantified the training intensities
and training loads of elite squash players during a 2-week
in-season microcycle [39] and investigated the relationships
between training load approaches in elite squash players,
during a 2-week microcycle [39].
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Table 3 Physiological characteristics of squash players

References Par- N (sex) Aerobic characteristics Anaerobic characteristics
(Country/ ticipant -
Area) standard VOZmax (mL/  Maximum Lactate Test method SSCODT SSMST
kg/min) heart rate threshold (% (s) (s)
(beats/min) VO, a0
Beaudinetal.,, 2 10 (M) 45 185+ 13 ICT
(71
(Canada)
Bottoms 3 16 (M) 62.9 188 + 8 ITT
etal., [11]
(Scotland)
Chin et al., 3 10 (Not 61.7+3.4 191 +7 80.1 +4.9 ITT
[17] specified)
(Hong Kong,
China)
Girard et al., 3-5 7 M) ITT=549+ ITT=195+9 ITT=92+ ITT
[35] (France) 2.5 IST=193+8 5.6 IST
IST=63.6 + IST=90.5 +
3.0 35
Girard et al., 3-5 7 M) 63.6+3 193 +8 IST
[33] (France)
Gouttebarge 4 6 (F) ITT=49.1+ ITT=185 ITT
et al., [37] 5.2 + 14 IST
(Netherlands) IST=489+ IST =187
5.3 + 16
James 4 6 (M) ITT =488 ITT=195+7 ITT
et al., [42] 2 (F) +5 IST=200+7 IST
(Malaysia) IST=46.2 +
4.1
James 4 21 (M) 477 +£53 IST M=921+ M=2210«+
etal., [41] 10 (F) 0.57 11.0
(Malaysia) F=10.46 + F =250.6 +
0.68 12.6
Kingsley et al., 2 8 (M) 198 +9 IST
[47] (Wales)
Madjumdar 2 33 (M) M=553+4 M=189+7 ITT
et al., [54] 9 (F) F=462+4 F=190+12
(India)
Micklewright  1-3 11 (M) M) =582+ ITT
and Papapdo- 10 (F) 6.7
poulou [58] F)=42.1+
(England) 6.3
Montpetit 1 16 (M) 55+6 186 + 8
et al., [60]
(Canada)
Romer 3 9 (M) 61.9+2.1
etal., [81]
(England)
Steininger & 2 7 (M) 58.5 +8.1 195+ 6 ITT
Wodick [88] 6 (F)
(Germany)
Wilkinson 2 8 (not ITT=49.6+ ITT=191 ITT
etal., [103] specified) 7.3 + 13 IST
(England) IST=522+ IST=190+7
7.1
Wilkinson 2 8 (not 50.8 +6.5 189 + 10 IST
etal., [103] specified)
(England)

@ Springer
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Table 3 (continued)

References Par- N (sex) Aerobic characteristics Anaerobic characteristics

(Country/ ticipant -

Area) standard VOZn‘.Aax (mL/  Maximum Lactate Test method SSCODT SSMST

kg/min) heart rate threshold (% (s) (s)
(beats/min) VO,ma)

Wilkinson 2 8 (not 10.90 + 0.44
etal., [103] specified)
(England)

Wilkinson 2 8 (M) 56.8 +5.5 Not specified 232 +32
etal., [104]

(England)

Wilkinson 3-5 Senior =7 Senior (M) = IRT Senior (M) =  Senior (M) =
etal., [100] M); 5 (F) 56.2 +2.1 8.8 +0.44 203+ 9
(England) Transitional = Senior (F) = Senior (F) = Senior (F) =

3 M); 4 (F) 493 +£3.2 9.02 +0.32 213+ 6
TASS =9 Transitional Transitional Transitional (M)
M); 3 (F) M) =594 M) =09.15 =213+3
+29 +0.57 Transitional (F)
Transitional Transitional =235+19
(F)=49.3 F)=934+ TASSM) =
+33 1.03 219 + 14
TASS (M) = TASS (M) =  TASS (F) =245
553+5.3 9.35 +0.64 + 13
TASS (F) = TASS (F) =
483 +3.8 10.45 + 0.55

Participant standard tier [57], Tier 0 = Sedentary, Tier 1 = Recreationally active, Tier 2 = Trained/Developmental, Tier 3 = Highly Trained/
National Level, Tier 4 = Elite/International Level, Tier 5 = World Class; TASS talented athlete scholarship scheme, /CT Incremental Cycle Test,
ITT Incremental Treadmill Test, IST incremental squash test, /RT incremental running test, SSCODT squash-specific change of direction test,
SSMST squash-specific multiple-sprint test, TASS talented athlete scholarship scheme

Nutritional Requirements of Squash

Four studies have measured a nutritional requirement of
squash. Research has quantified the energy expenditure
and respiratory exchange ratio of elite match play in male
players [33], whether a high carbohydrate diet prior to a
simulated squash match on physical performance [75], the
effect of a nutritional intervention on body composition,
vitamin D status and physical performance in an elite
female player [82], and the dietary habits of national and
international squash players via a validated food frequency
questionnaire [96].

Hydration Demands of Squash

Two studies have quantified a hydration demand of
squash. Previous research has quantified the of several
fluid replacement strategies post-match play on metabolic
responses [53] and the fluid balance, sweat [Na*] and
hydration practices of elite players during a training
session [95].

@ Springer

Nutrition Knowledge of Squash Players

One study has quantified the nutrition knowledge of
squash players, with Turner et al., [94] quantifying the
nutrition knowledge of elite players via the Nutrition for
Sport Knowledge Questionnaire [92, 93].

Nutritional Supplements for Squash

Three studies have quantified a nutritional supplement for
squash. Research has quantified the effects of a carbohydrate
containing fluid on squash-specific skill maintenance [11],
the results of creatine monohydrate supplementation on
squash-specific performance [81], the supplementation
consumption of international level Spanish squash players
[97], and the supplementation knowledge of elite squash
players [94].

Discussion
The aim of this review was to evaluate the current physi-

ological and nutritional literature regarding squash to guide
practitioners, coaches, and players on how best to interpret
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the contemporary data, while identifying gaps in the litera-
ture to inform future research directions within squash. To
our knowledge, this is the first systematic review to examine
the physiological and nutritional literature within squash.

The main findings were (1) there are 35 studies which
met the inclusion criteria across a diversity of topics, such
as the physiological demands of squash, anthropometric
characteristics of squash players, the physiological
characteristics of squash players, squash-specific
performance tests, the training demands of squash, the
nutritional requirements of squash, the hydration demands
of squash, the nutrition knowledge of squash players, and
nutritional supplements for squash players; (2) many of
the studies conducted in squash have poor (10) or fair (19)
methodological quality, with only four conveying good
and two conveying excellent methodological quality. This
is due to many of the studies conducted in squash being
observational in design (32), rather than double blinded
crossover design studies; (3) only 14/35 studies were
conducted using elite or world class players; (4) 17/35
studies reviewed are published during or after the 2009 rule
change. Consequently, the following sections will critically
appraise the contemporary physiological and nutritional
literature within squash.

Physiological Demands of Squash

Girard et al., [33] quantified the physiological responses
during match play in elite male squash players. They
reported a mean VO, of 54.4 + 4.8 mL/kg/min or 92% =+
3% of VO, and mean heart rate of 177 + 10 beats/min
or 92% + 3% HR,,,, during match play. They also reported
a mean minute ventilation (VE) of 102.6 + 12.1 L/min, a
breathing frequency of 47.9 + 4.8 breaths/min and mean
blood lactate value of 8.3 + 3.4 mmol/L. Players spent 24%
+ 9% and 69% + 18% above > 90% of their VO,_,, and
HR,,, respectively, while spending 14% + 23% and 32% +
25% above >95% of their VO,,,,,, and heart rate maximum,
respectively. These data convey that a high demand is
placed on aerobic metabolism with some contribution
from anaerobic glycolysis during match play, as exhibited
through high blood lactate concentrations, an oxygen uptake
response near VO, ... and heart rate response near HR ..

Much of the literature conducted on the physiological
demands of squash match play is not relevant to elite players,
as it has been undertaken in junior [54], or recreational
players [7, 9, 10, 12, 34, 52, 60]. For example, Montpetit
et al. [60] reported a mean heart rate of 147 + 18 beats/
min (72 + 13% heart rate maximum) during match play,
considerably less than Girard et al. [33]. This may be due
to the disparity in playing levels between the players, and
inability for recreational athletes to maintain high workloads
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for extended periods of time due to a lower lactate threshold
[44].

Murray et al. [63] reported that the rule changes in
2009 have altered the physical demands of elite squash.
Consequently, players, coaches and conditioning coaches
should interpret the data with caution as it may be outdated
due to rule changes. This rule change may affect the
physiological demands of match play, and practitioners
should consider this when proposing training prescription.

Future research should aim to quantify the physiological
responses during match play in elite players with the altered
rule changes to determine whether rule changes have
affected the physiological responses during match play.
Girard et al. [33] only quantified the physiological responses
of elite male players, and the physiological responses
during match play of elite female players have never been
quantified. Therefore, future research should also quantify
the physiological responses during match play of elite female
players to compare their differences with male players and
to develop exercise prescription guidance specific for elite
female players.

Future research should also aim to quantify muscle and
blood metabolites in elite squash match play among male
and female players. Squash matches can last > 90 minutes,
with high intensity intermittent exercise lasting around
this duration being shown to completely deplete muscle
glycogen stores in individual muscle fibers, reducing high
intensity performance [49]. Quantifying muscle and blood
metabolites in elite squash match play among male and
female players would enable the ability to make specific
nutritional recommendations based on the substrate
utilisation during match play [2]. Future research should also
aim to quantify the locomotor demands of elite squash, such
as the total distance covered and amount of high intensity
movements, accelerations and decelerations. This data
would help provide information on how to better condition
players to the demands of elite squash.

Professional squash matches are played in a variety
of different environmental conditions, such as hot and
humid environments, as well as at altitude [74]. These
environmental conditions may alter the physiological
demands and ball velocity and therefore future research
should aim to quantify whether any differences are
experienced in a variety of different environmental
conditions.

Anthropometrical Characteristics of Squash Players

Anthropometrical characteristics (stature, body mass, body
fat %) are essential for quantifying an individual’s body
composition [99]. Body composition is a key performance
variable [1], and low amounts of fat mass alongside an
appropriate amount of lean mass may be beneficial for
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players to execute squash-specific movements, and move
efficiently around the court [22].

There appears to be diversity in the anthropometrical
characteristics of elite squash players. Turner et al. [95]
quantified the stature and body mass of elite or world class
English players, reporting a mean stature of 184 + 2 cm
and body mass of 78.9 + 7.3 kg among male players, and
a mean stature of 169 + 7 cm and body mass of 63.7 + 8.6
kg among female players. In comparison, elite Malaysian
squash players were shown to be smaller and lighter, with
James et al., [41] reporting a mean stature and body mass
of 173 + 6 cm and 65 + 6 kg among male players, and a
mean stature and body mass of 160 + 4 cm and 55.7 + 5 kg
among female players. Players from different regions may
have physical differences due to their geographic ancestry,
which could influence performance, in combination with
differences in playing styles and/or playing standard.

Quantifying the stature and body mass of an individual
only portrays a small aspect of body composition in
comparison to multi component models [99]. To date, six
studies have quantified the body fat % of squash players.
Elite players appear to have a lower body fat % than sub-
elite players. Chin et al., [17] reported that elite Hong Kong
players had a body fat % of 7.4% + 3.4%, in comparison to
Romer et al. [81] who found sub-elite players had a body fat
% of 15.2% + 1.4%.

Elite female squash players have been shown to have a
greater body fat percentage (19% + 5%) in comparison to
elite male players (9% + 2%) [41]. This is consistent with
epidemiological studies indicating that females have a
greater amount of adipose tissue, equating to approximately
10% more body fat than male counterparts [45], due to the
female sex hormone oestrogen [67].

All six studies that provided a methodology for quantifing
body fat % (see Table 2) have utilised the skinfolds thickness
method [46]. However, there were differences in the number
of sites taken for skinfold thickness, and therefore caution
should be applied when comparing results across studies
[55]. Another limitation of skinfold thickness is that
converting the data into a doubly indirect method, such as a
body fat %, adds a layer of complexity [46]. There are over
100 formulae for converting the sum of skinfold thickness
to body fat % [46], which are often created from varying
populations and protocols [46]. Therefore, it is hard to make
comparisons between studies, as no study presented the
formulae utilised to convert their data.

Future research should aim to quantify the
anthropometrical characteristics of elite male and female
squash players, among a variety of different ethnicities. This
would quantify the body composition of elite squash players
and any differences related to sex and ethnicity. If body fat
% is of interest, then Dual-Energy X-Ray Absorptiometry
(DXA) is a valid and reliable tool [46, 65], provided that the

methodology follows a standardised protocol [64]. If sum
of eight skinfolds is of interest, then skinfolds callipers are
a valid and reliable tool [46].

Physiological Characteristics of Squash Players

Elite squash matches are variable in length and are reported
to have a mean match duration of 59 + 20 min, ranging
from 39 min to 89 min [43]. However, anecdotally, matches
can be considerably shorter (<25 min) and longer (>100
min) depending on the playing conditions, playing styles
of the players, and tactics employed. Elite squash players
are reported to have a VO, ranging from 46.2 to 63.6
mL/kg/min (Table 3). Some of the data presented should be
interpreted with caution, as some studies did not differentiate
data between sexes [17, 41, 42], with Wilkinson et al., [100]
reporting that elite male players outperformed elite female
players in all physiological characteristics. Research has
shown that VO, .. is not correlated with world ranking
[17, 41, 100]. Consequently, while elite squash players
may be required to have a developed aerobic system at
a threshold level to ensure that their performance isn’t
inhibited, enabling them to sustain long match durations
[43], and optimise recovery from one rally to the next
(Tomlin & Wegner [91], this isn’t a differential physiological
characteristic at elite level.

Squash is a high intensity intermittent sport whereby elite
male match play is performed at a mean VO, of 54.4 + 4.8
mL/kg/min or 92% + 3% of VO,,,,.. Consequently, a high
lactate threshold is required to ensure players can sustain
high intensity exercise for a continued period [33]. Girard
et al., [35] reported that elite male players have a lactate
threshold of 92% + 5.6% of VO,,,,.. This is greater than
data previously conveyed by Chin et al. [17], who reported a
lactate threshold of 80.1% + 4.9% among players. This ~10%
difference in lactate threshold could be due to differences in
playing ability (tier 3 vs. tier 4-5) or an indication of how
squash has become more glycolytic and requires players
to perform at an intensity closer to their VO,,,, for longer
periods of match play.

More recently, high intensity and high intensity
intermittent characteristics have also been quantified among
elite players to mimic the demands of match play [33].
Wilkinson et al. [100] reported that among male and female
players, squash-specific multiple-sprint ability (SSMST),
fastest sprint from the SSMST and change of direction speed
correlated with a players world ranking. Consequently, the
ability to produce high amounts of force and translate this
into squash specific movements for extended periods of time
is a key performance indicator for elite male and female
squash players [100].

Future research should aim to quantify the physiological
characteristics of elite squash players. It is difficult to
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compare between studies as they have been performed on
players of differing standard and a variety of tests (e.g.
incremental treadmill test or incremental squash test) to
quantify variables. Data collected is also based on relatively
sporadic samples, often with the same players from a select
group of countries/area (e.g. England, Malaysia). Therefore,
future research should also aim to quantify the physiological
characteristics from a variety of different samples of players.
This would enable a richer analysis of the physiological
characteristics of elite players and determine how different
playing standards and styles influence the physiological
characteristics of players. Murray et al. [63] reported that
the intensity of match play is increasing, however, much
of the data collected is prior to the 2009 rule change (e.g.
lactate threshold [35]), and key data is missing, such as the
lactate threshold of elite female players.

Squash-Specific Performance Tests

Sport-specific tests increase construct validity [23] and as
a result, research has focused on creating squash-specific
performance tests to quantify a variety of squash-specific
physiological and technical capabilities. Three studies with
a squash-specific endurance test did not report any data
regarding the validity, reliability, and/or sensitivity of the
performance tests [17, 47, 88], so their utilisation should
be approached with caution. All studies that did report
validity, reliability and/or sensitivity data demonstrated high
sensitivity and reproducibility [35, 37, 42, 58, 103].

Wilkinson et al. [103] developed a squash-specific change
of direction speed test (SSCODT) to assess players' speed
to change direction. The SSCODT did not include straight-
line sprints but rather a variety of lateral movements over
short distances, to mimic the squash-specific movement
patterns exhibited in squash [98]. Therefore, the
SSCODT may be more appropriate in a testing battery than
a non-specific field-based change of direction test like the
Ilinois agility run (IAR). However, the study was conducted
on recreational male squash players and to determine its
ability to screen elite male and female squash players change
of direction speed, future research should aim to determine
whether similar results can be observed in elite male and
female players.

Wilkinson et al. [104] devised a squash-specific multiple
sprint test (SSMST) to quantify players' repeated sprint
ability. The SSMST mimicked the squash-specific movement
patterns [98] such as short, dynamic lateral movements,
with no straight lines, making it more appropriate than a
non-specific field-based test such as the Baker’s sprint test.
The SSMST produced higher physiological responses in
comparison to the Baker’s sprint test, however, blood lactate
concentrations are lower than exhibited during match play
[33] = 8.3 + 3.4 mmol/L). This could be due to Wilkinson
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et al. [104] testing recreational squash players. As previously
discussed (see sect. "Physiological Demands of Squash"),
recreational players may not be able to reach the high
intensities observed in elite squash. Consequently, future
research should aim to investigate whether similar results
are observed in an elite male and female population.

Five squash-specific endurance tests have been developed
and validated [35, 58], [37, 42, 103]. Three squash-specific
endurance tests were conducted on elite or world class
players and therefore may be more suitable for an elite
population [35, 37, 42]. Girard et al. [35] utilised audio and
visual feedback, displaying where to move throughout the
test. This is in contrast to other tests, which have used just
audio feedback [37, 42]. While squash players respond to
both audio and visual cues during match play, it could be
debated that responding to visual cues in a fixed position
during an incremental test is questionable and doesn’t
enhance the squash-specificity of the test [58]. Rather,
during match play, players respond to cues such as body
positions of the opponent, and the travel direction of the
ball. The squash-specific endurance test designed by Girard
et al., [35] also requires specialist computer software
to project images onto a wall using a projector, making
it difficult for its administration in the field as it requires
specialist equipment [42]. There are also some variations in
the requirement for ‘ghosting’ strokes and squash-specific
movements between the three tests. Girard et al. [35] and
Gouttebarge et al. [37] included squash-specific ‘ghosting’
strokes in their tests, whereas James et al. [42] did not.
James et al. [42] collected pilot data prior to data collection
and found squash-specific ‘ghosting’ strokes were shown
to exhibit high levels of variation at maximal stages, while
limiting some players' ability to achieve a maximal effort
due to possessing a slower stroke speed [42]. Girard et al.
[35] and Gouttebarge et al. [37] also required players to
complete squash-specific movements throughout the test,
similar to how players would move during match play (such
as backward running when moving back to the centre of
the court). James et al. [42] excluded the requirement for
squash-specific movements, as from the pilot data collected,
players were not able to maintain the intensity of the later
test stages when performing squash-specific movements,
despite not reaching maximal fatigue. This is most likely
due to the reductions in speed when running backwards.
Consequently, the squash-specific endurance test by James
et al. [42] may be the most appropriate to quantify endurance
capabilities of elite squash players. The test is validated in
elite players, is easy to utilise in the field, and has undergone
rigorous pilot testing to ensure that a true VO,,,, value has
been achieved, rather than confounded by squash-specific
movements.
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Training Demands of Squash

James et al., [39] reported that group sessions were the
longest in duration (79 + 12 min) in comparison to feeding
(55 + 15 min), ghosting (35 + 15 min), match play (46 + 17
min), and conditioning sessions (37 + 9 min) throughout a
2-week microcycle in elite squash players. Group sessions
were shown to elicit the greatest SRPE (5793 + 1477 scores)
and most high intensity movements (189 + 88 > 3.5 m/s),
playing a key role in preparing players for competition
due to their likely effect on aerobic fitness [39]. Group
sessions may have elicited the greatest SRPE and most high
intensity movements due to the duration of group sessions
in comparison to other sessions, enabling for more load and
movements to occur. For example, match play sessions were
shown to have a greater mean heart rate (Match play = 81%
+ 6% HR_,, vs group = 76% + 5% HR,,,) and greater time
> 90% heart rate maximum (Match play = 10 + 10 min vs.
group = 7 + 10 min) but were shorter in duration. To this
extent, conditioning sessions were shown to have the greatest
RPE (77 + 16 scores) and player load (519 + 153 scores)
but were only 37 + 9 min in duration. James et al. [39]
reported that there was minimal agreement between internal
and external load metrics during the 2-week microcycle
and collecting the data in isolation (i.e. just internal) may
underestimate or overestimate the amount of stress a player
is feeling. Consequently, it is important to collect a variety of
internal and external load metrics to determine the amount of
stress a player is undergoing throughout a microcycle, rather
than in isolation. Different cohorts of elite squash players
may also train differently (e.g. greater duration in match play
sessions), altering the training load. Future research should
aim to quantify the training load across various cohorts of
elite squash players throughout a microcycle to allow for
comparisons differences between groups.

Competition Demands of Squash

No current research has quantified the competition demands
of squash. Elite squash matches during competition are
played in proximity (~8—48 hours in-between matches), with
players required to potentially compete in 1-6 matches in
as many days during PSA World Series events. Research
in tennis [27-29], soccer [3, 4], Brinkmans et al. [14, 62],
and rugby league [61] has quantified the player load during
competition. Future research should aim to quantify the
cumulative player load during elite squash competition to
determine the internal and external load players experience.

Squash match play has been shown to alter neuromuscular
function in recreational players through the development
of peripheral fatigue [34], which may reduce physical
performance in subsequent matches [48]. Therefore,
future research should aim to investigate whether similar

alterations in neuromuscular function occur in elite male
and female players after match play. Peripheral fatigue
may be less prevalent in elite players, due to their training
to condition their body to the rigours of competition [31,
34, 39]. Research in soccer has also quantified the muscle
damage, inflammatory, immune and performance responses
following matches in proximity [59] to create specific
physiological [66] and nutritional recovery strategies [76].
Future research should aim to do the same in elite male
and female squash players during competition so specific
physiological and nutritional recovery strategies can be
devised and assess whether logistical changes, such as match
intervals, should be altered by the World Squash Federation
and Professional Squash Association to maintain high
match quality throughout competitions.

Nutritional Requirements of Squash

Girard et al. [33] quantified the energy requirements during
match play in elite male squash players. They reported a
mean energy expenditure of 4933 + 620 kJ/h and RER of
0.94 + 0.06. This is considerably more than recreational
squash players, who exhibited an energy expenditure of 2850
kJ/h during match play [60]. As previously discussed (see
section "Physiological Demands of Squash"), recreational
players may not be able to reach the high intensities
observed in elite squash. Similarly, elite male tennis players
were shown to expend significantly less (2718 + 438 kl/h)
during match play [77]. This could be due to the increased
intensity during match play in squash and differences in total
playing time between squash (70% + 5%, [33] and tennis
(20%-30%) [85]. Consequently, nutritional strategies should
be individualised to the demands of squash, as generic
nutritional guidelines may not be relevant due to differences
in energy requirements.

Future research should aim to quantify the energy
expenditures of elite squash players throughout a training
microcycle to create specific nutritional guidelines during
training, as had been done in other racket [77] and high
intensity intermittent sports [18]. As highlighted by Turner
et al. [94], players' dietary intakes should also be reported
alongside energy expenditure to quantify whether their
current dietary habits are optimal. This has been previously
conducted in other racket [27, 29, 83], and high intensity
intermittent sports [3, 14, 20, 21, 24, 25, 38, 61, 62, 84,
86]. Similarly, the energy expenditures during a competition
period should be quantified to create specific nutritional
guidelines during competition [18, 77].

Raman et al. [75] explored whether a high carbohydrate
diet prior to a simulated squash match altered physical
performance in recreational to national standard
players. Players consumed either a high carbohydrate
diet (H-CHO) (11.1 g/kg) or a calorie matched low
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carbohydrate diet (L-CHO) (2.1 g/kg) 48 hours prior
to a simulated squash match. They reported that
players completed five games of a simulated match in
a significantly faster time (2340 + 189 s) in the H-CHO
condition in comparison to the L-CHO condition (2416
+ 128 s). Respiratory exchange ratio (0.80 vs. 0.76),
blood glucose and blood lactate concentrations were
also significantly higher in the H-CHO condition in
comparison to the L-CHO condition. Consequently,
consuming a high carbohydrate diet prior to may increase
physical performance during squash by increasing
carbohydrate oxidation rates and maintaining higher
blood glucose concentrations.

Rosimus [82] quantified the effects of a 6-week
nutritional intervention on body composition, vitamin D
status and physical performance on an elite female squash
player. Preintervention energy intake was estimate at 2511
+ 568 kcal/day with carbohydrate, protein and fat intake
being approximately 365 + 121 g/day, 114 + 29.5 g/day,
and 86 + 7.4 g/day, respectively. During the intervention,
dietary assessment revealed a daily energy intake of 1501
+ 150 kcal/day, with a carbohydrate, protein, and fat
intake of approximately 169 + 35 g/day, 82 + 40.9 g/
day, and 55 + 23.2 g/day, respectively. The intervention
targeted a structured energy restriction of 500-700 kcal/
day so may not be representative of a player's optimal
energy intake to adequately fuel and recover from
training sessions. The player achieved a body mass loss
of 2.9 kg (80.9 to 78 kg) during the intervention and saw
a reduction in sum of eight skinfolds (127 mm to 107
mm) and increase in lean mass (61.8 kg to 63.5 kg). The
player's squash-specific physiological characteristics
improved with an increase in reactive strength index (3.10
to 3.25) and a reduction in the time to complete both
an on-court speed test (9.15 s to 8.62 s) and repeated
on-court speed tests (206 to 194 s). Consequently, the
study highlights that a gradual energy deficit can optimise
body composition and physical performance in an elite
squash player.

Ventura-Comes et al. [96] reported the dietary
habits of national level Spanish squash players. They
reported that players may under consume carbohydrate
rich foods such as bread, pasta, rice, and potatoes in
comparison to contemporary guidelines [15]. The data
collected by Ventura-Comes [96] was quantified via a
food frequency questionnaire as previously suggested by
Turner et al. [94], this should be interpreted with caution
as food frequency questionnaires have been conveyed to
display poor validity and reliability [90] in comparison
to other methods such as 24-h dietary recall, snap ‘N’
send method and weighed food diaries [8, 19]. Current
carbohydrate guidelines may not be appropriate for elite
squash players. Quantifying the energy expenditures of

@ Springer

elite squash players throughout a training microcycle
would help determine whether these guidelines are
appropriate. Players' dietary habits should also be
quantified using more accurate and reliable technique,s
such as weighed food diaries or the snap ‘N’ send method
[8, 19]. This would also determine the macronutrient and
micronutrient intake of elite squash players, which has
not yet been quantified.

Hydration Demands of Squash

MacGowan et al. [53] investigated the effects of consuming
different post-match fluids: no fluid replacement, 500 mL
of water; an electrolyte solution; a glucose solution; or a
glucose/electrolyte ‘sports’ drink on metabolic responses,
such as lactate, free fatty acids, glucose, potassium, sodium,
and plasma osmolality in recreational players. They found
that the glucose containing drinks significantly elevated
blood glucose levels but did not influence potassium or
sodium levels, stating that there is no benefit to consuming
a fluid replacement other than water during short intense
sports including squash. A key limitation of this study is
that they did not report the fluid balance during the squash
match, or whether players consumed any electrolytes during
the squash match. Sweat rates and sweat [Na*] are highly
individualised [6], it's possible that the players had low
sweat [Na*] rates, but this was not quantified.

Turner et al. [95] quantified the fluid balance and sweat
[Na*] of elite squash players during a training session,
alongside their hydration practices. They found that elite
squash players had a mean fluid balance of — 1.22% +
1.22% throughout the session, exhibiting a mean sweat
rate of 1.11 + 0.56 L/h and a mean sweat [Na*] of 46 +
12 mmol/L. Male players were shown to have significantly
higher sweat rates than female players, hypothesised to be
due to the female sex hormones estrogen and progesterone
[32, 78]. Seven players had 21 hours 30 mins until their
next training session whereas the other seven players had 2
hours 30 mins until their next training session. There was a
significant difference in fluid and sodium intake post session
between the two groups, the players who had 21 hours 30
mins until their next training session were able to optimally
rehydrate in comparison to players who had 2 hrs 30 mins
until their next training session, who were not able to. Turner
et al., [95] concluded that sweat rates and sweat [Na*] are
highly variable and there is a need to individualise players
hydration strategy alongside training prescription to ensure
players optimally rehydrate. As suggested by Turner et al.
[95], future research should aim to quantify the sweat rates
of elite squash players during hot conditions and compare
them with moderate environmental conditions (temperature
= 17-24 °C, humidity 40%-60%). Elite players compete
in hot environments, such as the 2022 Professional Squash
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Association World Championships, held outdoors in Cairo,
Egypt [73]. This research would help players determine
whether differing hydration strategies are appropriate when
competing in hot and humid environmental conditions.
Future research should also aim to quantify the sweat rates
of players during match play. Research has shown that elite
squash match play may be performed at a higher intensity
to training sessions [31, 33, 40], with exercise intensity
being an intraindividual factor in individuals sweat rates
[5]. Previous research has quantified the thermoregulatory
responses of recreational players, whereby players' core
temperature increased from 37 to 39 °C during 39 minutes
of match play [10]. Due to the hot and humid environmental
conditions that elite squash players compete in, future
research should also aim to quantify the thermoregulatory
responses of elite squash like core temperature. Anecdotally,
many elite squash matches at the 2022 Professional Squash
Association World Championships in Cairo, whereby
temperature exceeded 30 °C and matches lasted longer than
60 minutes, might put athletes at risk of heat stress unless
appropriate interventions are applied [71]. Other sports,
such as soccer, have drinks and cooling breaks, and it may
be beneficial for squash to implement similar strategies if
severe thermoregulatory demands are experienced.

Nutrition Knowledge of Squash Players

Turner et al. [94] reported that elite squash players had
‘average’ nutrition knowledge as measured via the Nutrition
for Sport Knowledge Questionnaire [92, 93]. There were
no significant differences in nutrition knowledge between
male and female players. Age and world ranking were shown
to have a weak positive effect on nutrition knowledge. It
was reported that older players may have more time to
accumulate knowledge and understanding of nutrition,
while players with higher world rankings may be able to
pay for a nutrition consultant or may have an optimised
performance due to more appropriate dietary habits due to
greater nutrition knowledge [94]. Players with a relevant
undergraduate degree had better nutrition knowledge than
those who had no relevant education, as many may have
studied a nutrition module as part of their course [94].
Players who consulted with a sports nutritionist were shown
to have better nutrition knowledge than those who obtained
nutrition information from the internet or a sport scientist,
with the authors concluding that players should consult with
a sports nutritionist to increase their nutrition knowledge
[94].

Future research should assess the effectiveness of a
nutrition education intervention in increasing the nutrition
knowledge of elite squash players [89]. Future research
should also investigate the dietary habits of elite squash

players to determine whether a greater nutrition knowledge
translates to more optimal dietary habits [87].

Nutritional Supplements for Squash Players

Supplements may be beneficial for squash players
to address nutritional deficiencies, augment training
adaptations, and optimise performance during competition
[56]. Current research on supplements within squash has
explored the effects of carbohydrate containing fluids
on squash-specific skill maintenance [11], the effects of
creatine monohydrate supplementation on squash-specific
performance [81], the supplementation consumption
patterns of international-level Spanish squash players [97],
and the supplementation knowledge of elite squash players
[94]. Turner et al. [94] reported that elite squash players
had poor supplementation knowledge via the Nutrition
for Sport Knowledge Questionnaire [92, 93]. Despite
this, research suggests that squash players do consume
supplements, with Ventura-Comes et al. [97] reporting
100% of international-level Spanish squash players
consumed some form of supplement. Players were shown
to consume supplements with lower efficacy, such as flax
seed oil, glutamine, and branch chain amino acids, in
comparison to ones with higher efficacy like beta-alanine,
creatine, and sodium bicarbonate [56].

Bottoms et al. [11] quantified the effects of a 6.4%
carbohydrate drink solution on skill maintenance,
cognitive function, and maximal voluntary contraction
fatigue test, before and after a squash-specific fatigue
protocol in recreational squash players. Carbohydrate
supplementation during exercise has been reported
to delay the onset of fatigue through sparing muscle
glycogen stores, preventing hypoglycemia, and reducing
the impairment of excitation contraction coupling during
exercise [80]. They reported that a 6.4% carbohydrate
drink had no significant effect on skill maintenance,
although significantly more shots landed in the scoring
zone during the skill test. Carbohydrate ingestion also had
a significant effect on visual reaction time. Consequently,
carbohydrate ingestion may help maintain skill level and
reaction time during squash play.

Romer et al. [81] reported that a creatine monohydrate
supplementation protocol of 4 servings of 0.075 g/kg for 5
days increased squash-specific high intensity intermittent
performance. During a squash-specific ghosting protocol,
creatine monohydrate supplementation significantly
increased mean set sprint time in comparison to a control
group (maltodextrin) by 3.2% + 0.8% (P = 0.004). A
potential limitation of the study is that Romer et al. [81]
did not use a validated squash-specific performance
test and therefore it is difficult to ascertain whether
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improvements in mean set sprint time were due to a
familiarization effect [23].

As previously discussed by Turner et al., [94], future
research should aim to assess the efficacy of supplements
on squash-specific performance to create consensus for an
appropriate supplementation protocol for squash players
similar to other racket (Ranchrodas et al. [77] and high
intensity intermittent sports [18]. Beta-alanine, sodium
bicarbonate, caffeine, and nitrate supplementation may
be beneficial for elite squash players either acutely or
chronically during training and/or competition [56].

Conclusions

This is the first systematic review to synthesise the
physiological and nutritional research conducted in the
sport of squash. Current research within squash has
focused on a variety of areas, such as the physiological
demands of squash to match play, the training load during
a two-week microcycle, the sweat [Na*] rates of elite
players, the nutritional knowledge of elite players and
the effects of carbohydrate and creatine supplementation
on squash-specific performance. Squash is a high
intensity intermittent sport that places high demands
on aerobic metabolism during matches, as conveyed by
high percentages of VO,,,, and HR .. Similarly, elite
squash matches place high nutritional demands on players
due to high energy expenditures. Consequently, generic
nutritional guidelines may not be applicable, as energy
expenditures were shown to differ from other racket sports.

Many of the studies conducted in squash had poor (10)
or fair (19) methodological quality and only 14/35 studies
are conducted on elite or world class players. Therefore,
it is hard for practitioners and coaches to make accurate
recommendations to optimise training, nutrition and
recovery, as much of the scientific literature is based on
recreational players and poor methodology (e.g. unblinded,
no control group etc.). Much of the key literature to
provide physiological and nutritional recommendations is
lacking or outdated (pre 2009 rule change). The 2009 rule
change is also reported to change the physical demands of
the sport [63], and to this extent 17/35 studies reviewed are
published during or after the 2009 rule change.

The present study identifies several future directions to
advance research and evidence-based practice in squash.
These include quantifying the physiological demands
of elite female match play, examining muscle and blood
metabolites during match play, and calculating energy
expenditures and dietary intakes of players during training
microcycles and competition periods. Such research would
enable the development of sport-specific recovery and
nutritional guidelines, similar to those in other racket
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[77] and high intermittent sports [18, 66, 76]. This
would help practitioners, coaches, and players optimise
training, fuelling and recovery guidelines, which can
ultimately improve performance.
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