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Abstract

Background: This study aimed to provide reference values for body fat (BF) of basketball players considering sex,
measurement method, and competitive level.

Methods: A systematic literature research was conducted using five electronic databases (PubMed, Web of Science,
SPORTDiscus, CINAHL, Scopus). BF values were extracted, with analyses conducted using random-effects models and
data reported as percentages with 95% confidence intervals (Cl).

Results: After screening, 80 articles representing 4335 basketball players were selected. Pooled mean BF was 13.1%
(95% Cl 12.4-13.8%) for male players and 20.7% (95% ClI 19.9-21.5%) for female players. Pooled mean BF was 21.4%
(95% Cl 18.4-24.3%) measured by dual-energy X-ray absorptiometry (DXA), 15.2% (95% Cl 12.8-17.6%) via bioelectri-
cal impedance analysis (BIA), 12.4% (95% Cl 10.6—-14.2%) via skinfolds and 20.0% (95% Cl 13.4-26.6%) via air displace-
ment plethysmography. Pooled mean BF across competitive levels were 13.5% (95% Cl 11.6-15.3%) for international,
15.7% (95% Cl 14.2-17.2%) for national and 15.1% (95% Cl 13.5-16.7%) for regional-level players. As the meta-regres-
sion revealed significant effects of sex, measurement method and competitive level on BF, the meta-analysis was
adjusted for these moderators. The final model revealed significant differences in BF between male and female players
(p<0.001). BF measured by DXA was significantly higher than that measured by BIA or skinfolds (p <0.001). Interna-
tional-level players had significantly lower BF than national and regional-level players (p <0.05).

Conclusions: Despite the limitations of published data, this meta-analysis provides reference values for BF of basket-
ball players. Sex, measurement method and competitive level influence BF values, and therefore must be taken into
account when interpreting results.
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Key Points lower body fat than national and regional-level play-

ers. Across measurement methods, body fat values

« This systematic review and meta-analysis found that obtained by DXA are higher than those obtained via
body fat of basketball players differs according to BIA and skinfolds.

players’ sex, competitive level as well as by the meas- + Future studies reporting the body fat of basketball

urement method implemented
Female basketball players have higher body fat than
male counterparts. International-level players have

*Correspondence: pascal.bauer@univie.ac.at; p.oauer@u-sports.at

3 Centre for Sports Science and University Sports, University of Vienna,
Vienna, Austria

Full list of author information is available at the end of the article

players should specify the reliability of measurement,
clearly report the hydration and feeding status prior
to measurement, specify the competitive level of the
sample by reporting the country and/or region and
name of the league in which players competed at the
time of the study, and report body fat of players in
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distinct categories (i.e. sex, competitive level, playing
position) for better interpretation of data.

Background

Basketball is one of the most practiced team sports
worldwide [1] and has been an Olympic discipline since
1936. The game is characterised by a highly intermittent
profile as well as intense neuromuscular actions such as
accelerations, decelerations, changes of direction, jumps,
lateral sliding and static efforts [2—4]. In basketball, the
anthropometric profile of players is a strong perfor-
mance-limiting factor. Between the mid to late twentieth
century, major increases in the average height of players
[5, 6] were reported in the U.S. National Basketball Asso-
ciation (NBA), demonstrating that in selection processes
more importance was given to the screening of the play-
ers’ physical profile.

In many sports, including basketball, body composition
is an important feature that is regularly assessed by prac-
tictioners [6]. The high locomotion demands of basket-
ball [3] impose considerable physical loads on the players’
bodies [7]; therefore, a more favourable body composi-
tion profile (e.g. less fat mass) might be beneficial for the
athlete. In fact, the relative proportion of body fat (BF)
has been shown to be negatively associated with perfor-
mance of explosive actions such as changes of direction
[8] and vertical jumps [9]. Noticeably, these actions are
frequent in basketball (e.g. jumps:~140.1 per minute;
changes of activity every 1-3 s) [2, 3]. Higher BF has
also been shown to increase risk of overuse injuries (e.g.
patellar tendinopathy) in basketball and volleyball players
[10, 11]. Considering also the high training [12, 13] and
competition [12] loads imposed during the basketball
season, it appears therefore relevant for basketball prac-
titioners to control players’ BF, in order to optimize their
performance and guarantee their health.

With regard to body composition assessments in bas-
ketball players, the player’s sex must be taken into con-
sideration. Females possess greater BF content compared
to their male peers [2, 14], mainly for evolutionary ben-
efits (e.g. pregnancy) and hormonal differences (higher
estrogen) [15]. While this notion is widely known, no
study has systematically assessed previous data of BF of
male and female basketball players, and thus no precise
reference values are available to practitioners yet. This is
of foremost importance considering that, to be selected
at high levels, basketball players are commonly screened
for anthropometric characteristics (including BF) [14, 16]
and physical capacities which can be influenced by BF
(e.g. jumps, changes of direction) [8, 9].

BF is usually quantified by laboratory (e.g. dual-
energy X-ray absorptiometry [DXA], air displacement
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plethysmography [ADP]) and field methods (e.g. skinfold
measurement, bioelectrical impedance analysis [BIA])
all of which have their own advantages and disadvan-
tages [17]. However, it is important to note that each
method makes its own assumption when estimating BE,
which may yield discrepant results in the same group of
athletes.

Furthermore, it is reasonable to expect that BF lev-
els would discriminate players of different competitive
levels, since the physiological demands are known to be
greater in higher compared to lower leagues [2, 3]. Dif-
ferences in anthropometric and physiological character-
istics, such as body height, aerobic capacity and muscle
power have been previously reported, with all param-
eters favouring players in higher leagues [18—20]. How-
ever, in terms of differences in BF the available body of
evidence is less clear. For instance, two previous studies
[18, 20] reported lower BF content in higher-level play-
ers compared to lower levels, two studies found no dif-
ferences [19, 21], and one study [22] reported higher BF
values in national compared to regional-level players.

Reference values for BF in basketball players are needed
by researchers, coaches, and practitioners alike when
evaluating players. This information should distinguish
between female and male players, help interpretation of
values obtained by different measurement techniques,
and aid in selection processes [16] and training design
[23]. Therefore, the aim of this study was to provide refer-
ence values for BF of basketball players considering sex,
measurement method, and competitive level.

Methods

Study Design and Searches

A systematic review and meta-analysis was conducted in
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses statement guidelines
[24]. A literature search was performed using electronic
databases PubMed, Web of Science, SPORTDiscus,
CINAHL and Scopus (Fig. 1). The search was limited
to peer-reviewed studies from all languages published
between January 2010 to June 2020 and was updated
November 2021. The following body composition related
search terms were combined with the term “basketball”
to source pertinent peer-reviewed articles: “body com-
position” OR “body fat*” OR “fat mass” OR “lean body
mass” OR “fat free mass” OR “muscle mass” OR skinfold*
OR anthropometr* OR “multi-component model” OR
“bioelectrical impedance” OR bioimpedance OR “mag-
netic resonance imaging” OR “computed tomography”
OR “dual-energy X-ray absorptiometry” OR “dual X-ray
absorptiometry” OR densitometry OR “underwater
weighing” OR “air displacement plethysmography” OR
hydrometry OR ultrasound OR “3D photonic scanning”



Sansone et al. Sports Medicine - Open (2022) 8:26

Page 3 of 21

) Records identified through database dditional ds identified
search (n = 2563)? A |:ona hrec?r i erﬂtu e
PubMed (n = 430/95); Web of Science (n = throug re_erence ist
5 523/105); SPORTDiscus (n = 436/55); (n=0)
'§ CINAHL (n = 171/37); Scopus (n = 546/165)
E
=
)
s \
Records after duplicates removed
(n=1305)
2 !
£
c
o Records title/abstract
S
& screened T Records excluded
— (h = 1305) (n = 979)
Full-text articles assessed Full-text articles excluded
2 for eligibility |7 | by specific criteria (n = 246)
) (n=326)
=y Age: 27
w Not healthy: 3
Language: 3
() No BB players: 11
No data: 183
No full-text: 19
o Studies included in
% guantitative synthesis
(—3 (meta-analysis)
= (n=80)

Fig. 1 Flowchart of study screening and selection. BB basketball. Data for each database represent results of Jun 2020/Nov 2021 searches

The literature search and study selection were indepen-
dently conducted by three researchers (PS, PB and BM)
and disagreements were resolved by discussion until con-
sensus was achieved.

Study Inclusion and Exclusion Criteria

After database screening and removal of duplicates, the
remaining studies were carefully examined by screening
the (1) titles, (2) abstracts and (3) full texts. The follow-
ing inclusion criteria were applied: (1) participants were
healthy basketball players older than 18 years; (2) play-
ers were competing at regional, national or international
competitions; (3) the full-text of the article was published
in a peer-reviewed journal in English, Spanish, Portu-
guese or German language; and (4) outcome measures
included and described at least one method of estimating
relative BE.

Studies were considered ineligible for this review if
(1) the mean age of the sample was lower than 18 years;
(2) some or all basketball players were injured (e.g.
rehabilitation study); (3) the full-text of the article was
not written in English, Spanish, Portuguese or Ger-
man language; (4) the term basketball player was used
referring to athletes from other sports or recreational
basketball players, who did not engage competitively,
trained less than at least twice per week and/or had
less than a minimum of one year of basketball experi-
ence; (5) the BF value was not stated, or not indepen-
dently reported by sex or measurement method, or the
study contained duplicate data (e.g. same sample of
another study already included in the search results);
(6) the article full-text was not available. Case studies,
reviews, conference communications, opinion articles,
presentations, theses, book chapters or posters were
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not included. To complement the literature research,
the reference lists of the included studies were also
screened. The literature review and selection processes
are summarized in Fig. 1.

Data Extraction Strategy

Studies were independently read by three research-
ers (PS, PB, and BM) for the extraction of the following
variables: (1) descriptive information including authors,
year of publication and type of study; (2) participant
information including sample size, sex, age, body height,
body mass and general sample description. Players were
assigned to one of three competitive levels: regional,
national and international. Players from third national
leagues or lower, university athletes or regional teams
without further description were considered regional-
level, whereas the national level represents players from
first or second national leagues, including the National
Collegiate Athletic Association (NCAA) divisions 1 and
2. If the study clearly mentioned that players competed at
the international level (i.e., members of a national team,
club teams competing in international championships) or
were playing in the NBA, they were categorised as inter-
national level. (3) Measurement information including
the technique and equipment and equations used were
extracted. The measurement techniques included in the
study were: skinfold measurement; BIA; DXA; and ADP.
Beside BF as the main variable of interest, lean compart-
ment mass, including absolute (kg) or relative (%) mus-
cle mass, fat free mass, or lean body mass were extracted
and reported. For studies reporting multiple assessments
(e.g. baseline, post-intervention, follow-up) of the same
body composition indicator, the pre-intervention data
or initial value were considered. Additional information
regarding the ethical approval of studies, preparation
for measurements (e.g. clothes, food intake, hydration)
and reliability of results was also extracted. If pertinent
data were absent, the authors were contacted, and the
necessary information was requested via e-mail. In case
of no response or unavailability of data, the article was
excluded according to ineligibility criteria 5 (no data).
Coding was cross-checked between authors and disa-
greements were settled by discussion until consensus was
achieved.

Data Synthesis and Presentation, Potential Effect Modifiers
and Reasons for Heterogeneity

Statistical analysis was performed using R version 4.0.3,
RStudio version 1.4.1103, and the package Metafor (version
3.0-2) [25]. The outcome variable was BF, and moderator
variables were: sex (male, female); method of body com-
position assessment (ADP, BIA, DXA, and skinfold); and
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competitive level (international, national and regional) with
random effect being the study itself. The pooled mean esti-
mates, and their corresponding 95% confidence intervals
(CI) were reported for each performed analysis. The vari-
ance of the sample mean BF for each study was calculated
(SD?/sample size) and studies were weighted by the inverse
of the variance in the meta-analysis models. The random-
effects model takes into consideration the residual het-
erogeneity of studies and it is assessed through Cochran’s
test of heterogeneity (QE). In addition, I statistics were
calculated to determine the degree of statistical heteroge-
neity, with >75% considered as high statistical heterogene-
ity. Test statistics for residual heterogeneity by removing a
single study were calculated to check for single study influ-
ence on residual heterogeneity. Sensitivity analysis was
implemented to investigate the influence of the removal
of a single study on the pooled estimate. Publication bias
was visually inspected by examining the asymmetry of the
funnel plots containing pseudo confidence interval regions
(white (90%), light grey (95%) and dark grey (99%) areas).
Forest plots were used to present pooled means with 95%
CI of arbitrarily defined groups (e.g., male international
players measured with DXA).

Each moderator variable was first considered indepen-
dently (e.g. in a separate model including only one mod-
erator). As the analysis demonstrated the statistically
significant difference between groups in all single mod-
erator variables (e.g., between females and males, between
international and national/regional, and between measure-
ment methods), we subsequently used the moderator sex
in combination with another moderator (measurement
method or competitive level). Finally, we combined all
three moderators in one model. Hence, the model equation
for the final model was

6 =Bo + femaley x B1 + BIA * o
+ Skinfoldy * B3 + ADPy * B4
+ national * 85 + regional; * B¢
+ Ck + ek

where ék is the observed mean BF in study k, B is the
mean BF in the arbitrarily chosen reference group of
male international players measured with DXA. Further
regression coefficients B; to Bg represent the change in
mean BF due to female sex, measurement with BIA, skin-
fold or ADP, and national or regional competitive level.
& is a residual term with mean O and variance corre-
sponding to the sampling variance of 6y within the study-
specific population of study k. ¢ is an additional random
effect with mean 0 and variance corresponding to the
heterogeneity between studies.

Post-hoc Bonferroni correction was applied for p-val-
ues when performing all pairwise comparisons between



Sansone et al. Sports Medicine - Open (2022) 8:26

the four methods of body composition assessment or the
three competitive levels.

Results

The search of the five databases resulted in a total of
2563 publications. After removal of duplicates, the titles
and abstracts of 1305 studies were read. Following the
application of the predetermined inclusion/exclusion
criteria to both titles and abstracts, a total of 326 studies
remained. Following further inspection of the full texts,
80 studies [2, 8, 9, 16, 18—20, 22, 26—97] were included
into the meta-analysis (see Fig. 1).

A detailed summary of each of the included studies
(authors and years of publication, populations, meth-
ods and outcomes) can be found in Tables 1, 2, 3 and 4.
Across studies, 4335 basketball players were included
(3467 male, 868 female) with a mean age ranging from
19.0 [22] to 28.9 [74] years. Mean body mass and body
height ranged from 75.0 [28] kg to 105.6 [69] kg and
179.4 [48] cm to 203.0 [70] cm for males and 63.8 [67]
kg to 81.1 [34] kg and 164.0 [67] cm to 185.8 [42] cm for
females. Mean sample size was 55 players per study and
ranged from 7 [74] to 1160 [16]. There were 652 players
categorized as “regional level;, 2142 as “national level”
and 1518 as “international’} with one study presenting a
mixed sample of regional and national level players [91].
For the assessment of BF, 39 studies used skinfold meas-
urements, 23 BIA, 15 DXA and 3 studies used ADP.

Our results revealed that male players had significantly
lower BF values compared to their female counterparts
(pooled mean for males=13.2%; 95% CI 12.4—14.0% vs.
pooled mean for females=20.4%; 95% CI 19.4-21.3%;
p<0.001). BF measured by DXA (pooled mean=21.6%;
95% CI 18.5-24.7%) was significantly higher than BF
measured by BIA (pooled mean=14.7%; 95% CI 12.2—
17.3%; p<0.001) and skinfolds (pooled mean=12.3%;
95% CI 10.4—14.2%; p <0.001). Furthermore, BF meas-
ured by skinfolds was significantly lower than BF meas-
ured by ADP (pooled mean=20.0%; 95% CI 13.3-26.6%,
p=0.02). Pooled mean BF values across competitive
levels were 13.2% for international level players (95% CI
11.3-15.1%), 15.6% for national level players (95% CI
14.0-17.1%) and 15.0% for regional level players (95% CI
13.3-16.6%), with a significant difference found between
international and national level players (p <0.001) as well
as international and regional level players (p =0.02).

A random-effects meta-regression model was used to
examine the effects of sex, measurement method and
competitive level on BE. Our model combining all vari-
ables revealed that BF differences between male and
female players stayed significant (p<0.001) after cor-
recting for competitive level and measurement method.
Similarly, the differences between BF as measured by
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DXA and BIA as well as by DXA and skinfold remained
significant (p<0.001) after accounting for sex and com-
petitive level. By contrast, the differences between BF
measured by ADP and skinfolds were no longer signifi-
cant after adjusting for sex and competitive level. Dif-
ferences between international players and national
players (p=0.02) as well as differences between interna-
tional and regional players (p=0.02) remained signifi-
cant after adjusting for sex and measurement method.
However, sensitivity analysis suggested that the analysis
of the influence of competitive level was not completely
robust. Exclusion of one study [18] changed the statisti-
cal significance. By contrast, the stability of our findings
on measurement method and sex were confirmed by the
sensitivity and cumulative meta-analyses. The forest plot
of the analysis is presented in Fig. 2. The results of meta-
analysis according to subgroups adjusted for sex and
measurement method are shown in Table 5.

We found no indication of a publication bias, with most
points falling symmetrically within the funnel plot (see
Fig. 3). Heterogeneity in our dataset was estimated by
Cochran’s test of heterogeneity (QE=2621, p<0.0001)
and P statistics (I>>75%). The Cochran’s test of hetero-
geneity revealed highly stable outcomes in our case when
we ran a sensitivity analysis for p-values by removing sin-
gle studies step-by-step (i.e., no changes in p-values).

Discussion

This is the first systematic review and meta-analysis
to examine body fat in basketball players as well as the
respective influences of sex, measurement method and
competitive level. The main findings of this meta-anal-
ysis were: (1) male basketball players have greater BF
compared to their female counterparts; (2) considerable
differences exist between BF as assessed with different
methods, with greater BF values reported from DXA
analysis compared to BIA and skinfold estimates; and
(3) BF is lower in international level players compared to
lower level (i.e. national and regional) players. In general,
the BF data obtained by our meta-analysis (see Table 5)
are in a healthy, athletic-level range. Aside from this gen-
eral outcome, as all the factors investigated significantly
influenced BE, it is essential to discuss and interpret
results in consideration of the player’s sex, competitive
level and the measurement method implemented.

Given the increasing popularity of women’s basketball
and the general need for more high-quality sports sci-
ence research focusing on female athletes [98], the pre-
sent study made a particular effort to evaluate the effect
of sex on BF of basketball players by including sex as a
potential factor into the meta-regression. As initially
expected, BF values were greater in female basketball
players than in males. These results were confirmed



Page 6 of 21

(2022) 8:26

Sansone et al. Sports Medicine - Open

eU Y FEST eu IMDIBOIOH ||| UOISIAIQ VYDN  [euoIbay 8GF 9691 589l F 8L SY'CF ¥ 0C ER4! [8¢] |2 12 J0jAeL
sa19|Yie
IN44] 64 9L F 509 %L F0EC eu  ABipoid leuni-39 S1elba|jod  |euoibay 9LFE€08L EY1F908 LCFGIC W'CL  [£€]71e 19 siolueD
[W44]
B4 99F8CS WCEFL'LT €T A
21em1jos v K19A0251Q
X3dV 2160j0H ¥ao DIBOjOH | UOISIAIQ YYDN  [euoiieN 9eLF6E/L L6F 9/ €LF86l 4'cl [9¢] e 19 sispuez
e[S€]
INGTIBY €OF6TS  %SOFTST O'LL'AFHODUS  ABIpold Jeun-3o | UOISING YYON  [eUOleN SLFO8/L 80F 9L €8l 4'8¢ 839 yHojueis
eu S%SLF 1'8C VLA
3160|0H v

'SMOPUIM 104 YD  A19A0DsIQ DI60I0H TN Ueljelisny  [euoleN SLFLLLL 9YLFIGL 9TFEVC Eld! (8] '|e 12 uauds

eu %6'GFGSC O6FovLl 68LFL'L8 O'LF¥0¢ ERn

1'€'G'G A 21BMYOS

BU  %ECFOSL X3dV DIBOJOH ¥ UOZUOH DIBOJOH | UOISIAI] YWON  [eUOleN 06F 988l SULF6/8 60F¥0C NLL iZINEREIEIEN

INGTIBA VY FOVS %S LFIEC 0LFG08l1 9CLFEUL 9LF90¢ ERd!
[€€]
NGB E8F Y8 %OTFCTL L'vL "A3HODUL vX@rieuni-39 | UOISIAQ VYON  [euohleN 68F 66l 6LLFLC6 SLF L0 W 9L ‘|e 12 oddijyues

[N44] B4 9% F c6v %CLFLEC VeFCTELL 0¥ F£69 €0F L6l ER4
201’8 [c€]
(N4 BA 8TF L6 %B0FGGL  uOIsIaA lemyos  ABIpoid Jeun-39 | UOISIANI YYON [euoneN VeFglel LY F¥'ce YOF66L NPl €19 ||]oMX20Y

(NG B L9F L'HS %L6F 1L ceFoe/LLL EELF9/LL glFo6l 4'zel
qlLEl R 1
NG B 6 F S92 %6'EFIEL 791 'A3YODUS  ABIpOId JeunT-39 | UOISIAG YYON [euoleN L'6F LYol 6elF 56 £l1F86l N 88 adog-puouiiey
[W44]
B8 EF LTS
g BAvEF L6 %Y EFSST eu vXarleuni-39 [euoneN [SFGSLL C9F l'eL CLFL0C 47l o[0€] e 19 a1pnojd
el67]
NI BN LSTFESY %9 LFT8C eu  ABIpoid Jeuni-35 | UOISING VYON  [BUOLEN eu 89LF /'8, 8L 401 e 38 ydhedodaN
anbes) (87
NG BY TY F €9 %CEFESL eu eu 1siy ueipuy |euonenN CeF 8l L'8F 052 L1FO0LC N '0€ eysing g e
[ad
NG 6% 69F 005 %S F89C eu  ABIpoid Jeuni-39 | UOISIAIG VYON [euoleN EoFVvSLL LelFLEL ElLFrel 4’87 |13 Ps|aIsoiqoq
eu % v+ 59l 91 AFYODUS  ABIpoid JeunT-39 || UOISIAIQ YVYON |euoneN 06Ftl6l C91LF066 LIFELC N9E  o[97] |e 1o bejely

[@sFueaw]

(63]) ssew [@s F ueaw] [9Bue X3S

juawpedwod [gS F uesw] uondudsap (wd) ybiay [aSFueaw] JoQ@SFueaw] pue (u)azis
ued] (%) e} Apog 21emyjos juswdinb3 9|dwes [ELER| Apog (b)) ssew Apog (s1eak) aby 9|dwes p

1ea,

sawodINQ spoyis |\ uonejndod pue sioyiny

Alxswondiosge Ael-x ABIaua-lenp yim painseawl sisyaweled uoisodwod Apog pa1dsjas L ajqeL



Page 7 of 21

(2022) 8:26

Sansone et al. Sports Medicine - Open

[(1-zu+Lu)

/ (Tv(W-gw)ygu + 2y (W- L W)y LU 4+ ZvEPSx(L-TU) + Tv LPSk(L-1U)] 14bs = uoneinsp piepuels sjdwes pajood pue (zu + Lu)/(zuxgW + LUy | W)= ueaw pajood aie suoienbs buipiodde ay| ‘sdnoib [enpiaipul 3yl 10j pariodal
(ZPS 'L PS) SUONBIASP pJepUR)S PUe (ZW ‘| W) suesaw ‘(zu ‘Lu) sazis 9|jdwes ay) Buisn paie|ndjed a1am sanjeA aA1129dsal 3] ‘UolleIASp piepue)s 9jdwes pue ueaw s|dwes ay) Joj sa1ewisa pajood buniodal jou saipnis 1o

uonysod sJ2Aed Jua1941p Joj e3ep Sy} pariodal 1eys sAPNIS o

d|qe|ieAe syuiod eyep aiow {pajussaid Apnis dn-moj|o) JO SN|eA [131Ul IO BIEP UOIUSAISIUI-DI] ,

anbea ||eqiayseq [eUONEN S,USWOAN TGNM ‘UOIIRIASP plepuelS (S /d|qe|IeA. 10U DU {UOIIRID0SSY d119]Yly 31e163]]0)) [euoneN yyON Djew py ‘ssew Apoq ues| /g7 ‘ssew 9.4 1ej N4 ‘D]ewdy 4

anbea|
AUSIDAIUN [9A3]
NgT] 6% 69F 169 %08F €91 eu  IN-Xdd-reuni-39 -91e)s ueljizelg  [euolbay (8F6C6!L €S1F688 9eFEEC W'ol [6€] e 19 eSNOS
[@s Fueaw]
(6) ssew [@s F ueaw] [9bPuea X3S
juswpiedwod [QS F ueaw] uondudsap (wd) ybi1ay [@s F ueaw] 10 S Fueaw] pue (u)azis
uea] (%) e} Apog aiemyjos jusawdinbg 9|dwes 1oAa] Apog (b)) ssew Apog (saeak) aby 9|dwes y
1ed,
SawodnQ SpoYIsN uone|ndod pue sioyiny

(penunuod) L ajqeL



Page 8 of 21

(2022) 8:26

Sansone et al. Sports Medicine - Open

2duaadxa A

G <‘anbesjjeuoneu [€q]
eU %Y CFECL eu 0z, Apogu 151y puejod [euoneN 9EF8I6l CSFYL6 9CFEVC NLL ‘e 39 3AZo[eUdIN
anbea| 11y eysdis
‘anbea| 31y eUIA
eu %eeFOCL eu 8ly-Dgeuue]  -063zioH elusog |euoneN I'8F 86l 90l F9v6 eu N 09 (¢S] 71e 33 iy
sanbes| puodas
eu %Y YFSILL eu 8lt-Dg elue| puelsiy ysiung |euoneN 5(8F89%6! SV ELF 9% S6'EFEEC NSy S[LG] e 32 NpIoY
anbes)| [euopeu
eU  %LEFOPL e'u 8ly-Dg enue| 1sly puejod [euoieN L'8F¥eol SOLFC06 ¥SF ST W'se  5[05] e 38 o3AID
ERIIEIETONEY
IAWI BY TS F L6y AO'SF Oz Yum sid
(W41 6% /8 F £ +8 %017 F86 eu 0¢/ Apogu|  -Ae(d [euoissajold [euoneN L'8F L9961 08F V6 eu WL glevl el [5zpazQ
0CL  UOISIAIp [euUOlieU EZNERE]
INWI %9V FE9Y  %C8FE6L eu  Apoqujadedsolg  puodas ues|iyd [euoneN Y8F G181 SSTFL68 LTF6VT W'g8  Appoj4-opeblag
eu %SSF6'LC L'8F 9Ll L'6F6¢EL 0eFO0lLlC 48
anbea Jatwald
eu %LYFVCL PU eUjepow ‘eyuel  Ausisalun ysiibus |euoneN S8FCl6l L'0LF606 0eF0ce W'6 [/¥]e3191eix31g
anbes|
eu %9 FECL BU  E'U[9pow ‘eliue| puodas ysi|bul [euoleN gSFClol €0LF088 6F8¢C W'6 [9v] [e 19 1eixsleg
eu %99F S'CC S8F06LL C6F9LL 0C¢F07cC 48
anbea Jsjwalg
eU  9%8YF8CL BU  EU[SpOW ‘BlUel  ANSISAIUN Ysiibug [euoneN 68F 5061l 96F €06 0eF0¢ec N8 [S¥] |e191enxs|9d
anbe|
eU %8 EFLLC eU  EU|apow ‘eljue| 1514 ysi|bug [euoneN 6/F0¢LL 60LF 1'S9 LY FEVC 1’6 [yl [e191enx919d
diysuoidweyd
ueadoing oz 1e [€¥] e 19
NN BY S6F 818 %8'EF'6 eu VA 8ly-Dg eiuel swieal [euoneN  [euoneulaly 8F €96l YZLF906 80F061 N'96  DISOA-DINOUISENNA
weal 1sijepaul
IN44] B 7S F €09 %L LFCLC eu W 000¢ VId 19A1S JIdWIA|Q  [euoiieua)u| 06F8S8lL 8/LF99/ (YF6SC ERd [cv] e o elewy
s1ahe|d
wea) |euolieu
upbauauon [1¥]
WA DY SEFIEE - %OTF86L eu  VIA 8ly-Dg enuel pue ueluiesn  [eucheulaiu e G8F L'C8L e 86F6€L LY FOEC 4'/¢ ‘e 32 d1asfogni
VavM
ul bunadwod sia
-Ke|d ubauaUO [ov]
IWNIBY6EFOEE 2 %Y F 10T eu  VIA 8ly-Dg enuel pue UBlUSAQIS  [eUOleUIRIU| 2 (8F0C8L e 96F 0V, 6 CFCLC 4'9¢ ‘e 32 d1nsfogni
[@sF ueaw]
(9% 10 b)) ssew [@dS Fuesaw] [QSFueaw] [9bues X3S
uawpedwod [QS T ueaw] uondudsap (wd) ybiay (B)) ssew 1o QS Fueaw] pue (u)azis
uea (%) ey Apog 2iemyos juswdinb3 9|dwes ELES] Apog Apog (saeak) aby 9|dwes
sawodINQ spoyIs\ uonendod Jeaf pue sioyiny

SiSAjeue aouepadul] [D111D3]9010 YHM PaInseaw siaaweled uosodwod Apoq pa1ds|as g ajgel



Page 9 of 21

(2022) 8:26

Sansone et al. Sports Medicine - Open

uonisod s 1ahe|d Juaiayip J0) B3RP By} payiodal Jeyl sIPNIS

3|qe|iee syujod eyep aiow ‘pajuasaid Apnis dn-moj|oj 4O 3N[eA [eRIUI O BIeP UORUSAISIUI-BId ¢

[(1-cu+ L)

7 (Tv(W-gw) U + v (W- LW)y LU+ ZvZPSx(L-TU) + Tv LPSx(L-LU)] 11bs = uoneinsp piepueis ajdwes pajood pue (zu + LU)/(ZuxzW + LUy L W)= uesaw pajood aie suonenbs Huipiodde ay] "sdnoib [enpiaipul ay3 1oy pariodas
(TPS ‘L PS) SUONLIASP piepuUR)S pUe (ZW ‘| W) sueaw ‘(zu ‘Lu) sazis ajdwes ay) buisn palejndjed a1am sanjeA aAdadsal 8yl ‘uoneiAsp piepuels sjdwes pue uesw sjdwes ay) 10} s91ewilsd pajood buniodal 10u saipnis o4 ,

s1eak A {u01eIDOSSY ||egiddsed dIeLIPY USWOA VgV ‘UOIIRIASP pIepuelS (S ‘d|ge|IBAR 10U D'U ‘SSBW S2SNW I ‘DeW J ‘YYDN ‘Ssew Apoq uea| g7 ‘ssew 9a1) 18} 4 ‘D]ewsy £vIg

s13ped AWapedy [19]
INGUBA98F V1L %OEFLLL eu 8GS-49 ‘enuel 92104 JIy UeljizeIg leuoibay SOF 008! 'Ol F508 SLF66L W'LL ‘e 12 o1jznbjes
wIea} [euols 4[09]
NgTIBY 89F L'LL %L LFGCL eu 785-Dg eiue]  -saj0i1d-uou ysijod [euoibay 8SF 883l LLFYVY8 gLFVeEC N 0€ ‘e 12 yAzo10WO
109-09 ddousadxe
AW BY S9F8'LS %L EFG8L eU  elue] ‘00p eNUel A G <YUM SIB|YIY Jeuoibay L'8F Ll S9OFO0Y9 91LFe6l 1L 4651119 quUasINy
0zl anbes) [8y] e 19
INWI %LV F9OLy %L LFI9L eu  Apoqujadedsolg  31e169)|0d uesjiyd [euoibay 08Fv6L1 9rLF €8 EFSTC W'6  Appol4-opeblag
anbe|
AUSIDAIUN PUODDS
eu %6 FoEC PU YA 8LY-Dgeauel  wopbuly pauun [euoibay gGF lesl £€9F 859 yeFeee 4'SL [86] e 19 10X
ERIIEIEINE]
A G < ym sa13]yie
eU %8 CFLLL eu 0¢/ Apogul  paules-|[am ysijod leuoibay e L9F916L e L'CLFOELE 61 F0CC W'CL [£6] |19 BQNZD
(N1 BY ¥ LLF 19 %ESF6LC eU (EU|spow) elue| [ UOISINIJ VVYON [euoleN 08F06LL C8LFE6L U'LF L6l 4°€l ,[96] e 19 Jaynels
19zAjeuy aoue anbe|
W41 6% 06 F 9/ %9GFocl eu -padwiolg 05 [euoneu |izeig [euoneN L'OLF 06l el F968 6vF9/LC W'LL [6] e 3= o11aqly
anbes)| [euopeu J[ss] e
AW 5% 98 F86Y %It TF8CL O€ApogunooT 0z/ Apogu 151y ysiueds [euoneN 6'LF99%1L L'EF 19 CLFELC N ST odwed-sowey
ERVENERNE]
K g<'anbeg)
[euoieu [vS]
W3] 6% 67 F 96/ %ECFYCL eu 0z Apogu 1544 puejod [euoneN 7oOFEVOL CSFCo CCFSEC N'SL ‘e 19 %AzoeydINy
[@sFueaw]
(9% 10 BY}) ssew [@s Fuesw] [QSFuesw] [abues XS
juawpedwod [gS F ueaw] uondudsap (wd) ybiay (b)) ssew 10 QS Fueaw] pue (u)azis
uea (%) ey Apog aiemyos juswdinb3 9|dwes ELES] Apog Apog (saeak) aby a|dwes
sawodInQ spoyIs\ uonejndod Jeaf pue sioyiny

(panunUOd) Z 3jqey



Page 10 of 21

(2022) 8:26

Sansone et al. Sports Medicine - Open

eu %erFILLL eu ey |euonen L9FL'S61 YL F 86 09F6'8¢ W', [v/]7@ 12 ]olueQ
RVANERE]
eU  %6CF86 eu eu anbes|isiy a1 |euoneN L'SF0961 8LF6'C6 ScFCee N ‘0C noejoxuIzieyd
(v/61) 3] siahe|d uoisiaip
BU % 1LFOEL  -SISWOM B UILING uapuadieH puosss uelsiung |euoneN 06F 0981 OLLFE8L ECFveC N 9L S IANCRENCI
uols oll/]
BU %EEF6TL  (£/61)eAoxziyed  uspuadiey -INIp 3s1y uelblog [euoneN CLFE%I 8LLF656 €SF Yo W 't¥L  siobiog pue suoog
suonnad
(8/61) -Wod [euoneuIIUl
BU %SLFVTL M90]10d Ty UoSyoer obue pue [euoleN [euoleuIalU| 98F0€0C 66F €86 CCFCIC N 9L [0/] e 19 ORYZ
diys
-uordwey> uead
eU %Y CF96 (v/61) zseynr  uspuadiey -0In3 0¢-1epun [euoheulaIy| 6'lF8%!L COFYE6 L'0F 061 W'VT  ol2d] [e1o elonbep
(8/61) sanbes| ueadoing
N4 B4 971 F696 %L TF08 #20]|0d g Uosyoe(  uspuadieH pue sy o919 [euoneulaiul 0LF0¢0¢ ¢8LF 950l 0V F0v¢ N'SL o[69] ‘e 32 Yynos|
(8£61) sonbes| dnooing o[89] R 19
BU %0 LFEOL  20]|0d %3 Uosyoer uleljoH pue isiy ysiueds [euoneulaiul L'OLF¥o6l 90LF8'16 6VF L¥C NTL Z9[8ZU05-90U0d
(/61) A9 wea) [euolieu
BU %SG FECC -SISWOM R UIUINg eu uestjy Yinos [euoieulsiul OLFCrLL EELFLLL SEFOVC 471 [£9] 7813 lusmsIp
(8/61) sanbes| ygy
BU  %EEF/TL AD0|od 'R uOSKOel  udpuadieH  pueisiy ueneol) [euoneula| S6FSH6! CTLFSS6 SYFOC W ‘8¢ [99] "|e 13 dunf
(8/61)
U %6 LFCL %20]]0d 7§ Uosde( eu VaN [euoneulsiu ¥6F600C 6€LFLY0L V'eF 8¢ W', [59] |e 19 Zojezuon
sanbea| ueadoing
eu %9 eFE0L eu eu pue1siy yd>ing [euoleulalu| L'6F L6l CSLFE00L 8EF L9 NPl [79] ‘[e 19 UsAs0(
s1ahed
BU %LCFCL eu eu PoyeIP VAN [euoieuIaiu| qS8FL L6l q9LLF 86 qV'LFL0C N09L L 911 e1RIND
swiea
(0861) |euoneu asaueder [€9] e 19
U %8 LFEOL  420]|0d B uosyder - uspuadiey pue uepeo.) [euoneula| g USFTI%6l €9 FSS6 qCTF6YT W'/c  z3jezuon-eld|ed
(0861) sanbes| ueadoing -e[29]
INWIBY SZFO8Y  %LZFCLL  SRIRWIND 13 350y uleloH pue 1siy ysiueds [euoneulaiul 0CLFV¥86l ¥'S1F986 ¥'SF89¢C N'8 ‘e 18 ofapejeq|y
suwiesy
(v/61) 3] [eUOleU OZ-1opun BITANERE]
BU %P CFOOL  -SIBWOM ™ uluing obuet pueJojuss ueisiun [euoleUIRIU| GL9F886L  G9LFSL6 qOrFSTC W 0€ wibj[apqy usg
[@s F ueaw]
(63 10 9%) ssew [@SFueaw] [QSF uesaw] [9bues 10 P
juswnedwod [gS F ueaw] uondudsap (wd) ybiay (63) ssew QS Fuesaw] pue (u)9zis
ued] 9 1lejApog ejnwio4 judwdinby a|dwes [ELES] Apog Apog (saeak) aby 9|dwes
sawodNQ SpPoYyIdN uone|ndod Jeak pue sioyiny

SPIOJURS YHM painsesw sis1auleled uoiisodulod Apoq paldajas € ajqel



Page 11 of 21

(2022) 8:26

Sansone et al. Sports Medicine - Open

(s861)
N4 BX 9L F0LS  %LTFOSC 2010 'g UOSHOe[ abue [l UoISIAIQ VDN [euoneN 06F 091 €0LF09L I'LF661 46 [£8]7p 12 UOSiEM
sonbes| puodas
BU G %OEF6LL (/61) zseynr  uspuadiey pue 151y ysiueds |euoneN q6CF L% qlEFELE qCLFG8C N v &Nﬂ ‘e 12 esanbep
eu %Y9F YL (8/61) 08F06LL L'0LFESL OLF06L ENA
eu %Y CFLS %20]]0d 7§ UoSde(l obue [ UOISIAIQ VVYON |euoneN 06F088L 9LF¥S8 OLFOlLC W'LL  [98] 239 uadbiyy
SUOISIAIP PUOD3S
pue 151y SeuInob
eU  %Y'eF06 eu UleljoH  -9zIeH pue ejusog |euoneN L'8F 6761 60l F€68 6EFILC WN'OLL  o[G8] (e 12 D1INYaS
anbe|
INNWI%EYF L'LY %P SF8IL (¢861) 42118D eu puod3s ysiueds |euoneN LOFCSLL 0eLF60L L'9F6/C 410l [¥8] e 19 @1uend
siahed
anbea| Jajwaid
INWI %L EFEYS %0V F6EL (Lz6l) eiboneny eu UelUOpade |euoneN SLFCL6L ECLF 198 EEF60C NOLL  [€8] 1819 diAedunid
(8261) anbes)
NG BN 06F69L  %0OTFLSL  A20]0d '8 uosydoer  uspuadieH 15J4 UBAOSON |euoneN 8LF9¢6l 9LLFSL6 Ge61 N OEL [¢8] enald
(8/61) uols
eU %0l FYL 20]|0d g Uosxoef URloH  -IAIp Isiy ysiueds |euoneN 88F L'/61 86F9C6 CSFYSC N 8L (18] 212 rUSd
(v/61) 3] anbes| puodss
U %FEF L6 -SIBWOM™ uluIng uleloH  puelsiy uelusog leuoneN I'8F6v6L  60LFE68 6EFOIC WoLl o[81] 7 32 Jeyag
WW]%0CFELS  %OCTFGLL (Lz61) eiboneny eu anbes)isiy ueiqias [euoneN V/F 5661 91LLF966 8CFGEC W ¥l [08] 819 dinouese
(ADEE] UOISIAIp pUOD3S
gl 4 B 9vF8sL qWSEFIEL  -SIBWOMTR ulUINg uspuadieH puglsiy yspung |euoneN q(SFGSS6lL  q60LFSL6 q 0V F8CC N'09  [6/] 1810 ZRWINIOY
(0861) siaheid A9 8]
BU  9%GGFOLL  UOSIOBIRYD0|0d udpuadieH [euoneu ueyue] s |euoneN y8FEE8L 6ClFeo6L SYF0vC W'0E |2 15 wesemeALiey
(8261) anbea)
INGTI DA V9L F 698 q%IEFSEL  >20]|0d |3 UOSHR( obue |euoneu |izeig [euoneN S ELLFYS6L  0TCFSIOL  SEPFLST W'LL 5[] e sswon
(8/61) anbes| puodas
BU q%EEFELL  0|jod B UoSyoer  uspuadiey puesiy ueljel| [euoneN q98F9L6l GELLFOV6 q8YvFSSC N 29 e[61] 1212 1|01
sanbes| puodas
eU  %l'LFSTCL eu eu puesiy o919 [euonieN 0C¢FOL6l SCF6C6 0C¢F09¢ W'TL [9/] |e 13 eduobeiq
(8261) anbes|
BU %LYF L0l H20]|0d % Uosyder obue 151y ueljizeig |euoneN 9LF 96l SLLFIL6 SSF9LC N 0L [S/] e 19 |alueQ
[@s Fueaw]
(6 10 95) ssew [@SFueaw] [QSF uesaw] [obues 10 x9S
uswuedwod [gs F ueaw] uondudsap (wd) ybiay (63) ssew QS Fuesaw] pue (u)9zis
uea] 9 )eyApog ejnwio4 juawdinby a|dwes [ELES] Apog Apog (s1eak) aby 9|dwes
S3wWo0dIN0 SpPOYIdN uonejndod J1eak pue sioyiny

(panunuod) € ajqey



Page 12 of 21

(2022) 8:26

Sansone et al. Sports Medicine - Open

eU %9SFCLL OLFCYLL CrLF6CL L'EFO0CC 4C1
s1ahed
anbesT |[eqisyseq
U BlYFSLL (€107) WSOV Uspuadie pue|sus2nD leuoibay 9LFV 6L CeELF6'S8 ESF L'9C NTL 0[] '[e 13 uejUEDS
si1aheid
[[BGISXSE] [9A9)
BU %0GFGSL  (S007) [eiosueny  uspuadiey -91B1S Ueljensny |euoibay 6'/F6831L L9LF¥L6 L9F6'SC N TL [¥6] e 1o uejuedS
s19hed
onbea ||egiayseg
U %SEFLYL eu  uspuadiey puejsusanQ leuoibay S6F968L £'8LFS598 l'9F/Cc N0L [€6] e 19 URJUEDS
anbes|
NW] %P ZFE8y  %LEFSLL (¢861) 491D eu uyY ysiueds leuoibay 88F L€6l SELFG68 0vF1'/LC N 0L [¥8] '[e 19 @1usnd
anbe| [c6] e 1
WW] %9 L F6or %6 LFT6 (c861) 121eD uleljoH [e13p3y ysiueds leuoibay L'6F G568l L'eELF¢€48 9GF8EC W'Z1L  uOp[ege 0d3yded
sanbea| [eduIA
WL61) A9 -oid pue AusiaAlun
BU %8 GF L'CC  -SISWOM B UIUINg eu uesijy Yinos leuoibay qCLFOYIL  4€0LF8¢E9 qCEFLIC 11y [£9] e 19 lusmsIy
anbes) (9]
NW] %9 €EF¥8y  %89F ¥ 9L (Lz61) eboney eu Yyy ueiqias leuoibay IrFSC6l SYLF906 CeEFLSC NTL ‘e 19 JIAouESeIN
anbes| piyy pue |euoneN
WW] %SSFL6E  %6'SFOWC puo23s ysiueds pue jeuoibay S6F 6691 9CLFV¥L9 0eF0ce R4
anbes| yyy
NN %8CF8Er  %SEFOGL eu e'U - pue yuNoj ysiueds leuoibay SOF L8l 88F €8 09F0S¢ N 8L [L6] B2IRN
(r£61) £3] uois
NG TOFLB.  WSEFLTL -SIBWOMB UILING  uspuadiey  -IAID PIIYI Yspng leuoibay 0SF0s6!L 98F0'1L6 VeF e N0 [6/] 1 10 ZRUWINIOY
INWI %6 TFSry  %ETFISL 98F0¢eLL £€8F8/9 0€-8L ER74
anbes|
NWI%OCF L Ly %CEFOETL (896 1) Joun|ne4 ueloH  AlsisAluN ysjueds leuoibay L'8F 9681 60LF L'6e8 0€-81 W ¥ [06] e 19 ZowoH
anbe|
INW] . B3 85 Fiip q6’ L FECL (8961) Jousjne4  uspuadiey UHNoj ysiueds leuoibay qVILFSVEL 4871 F606 qEVFELC N 8L 5[68] e 12 seuau4
(8/61) sanbes) ypinoj
U L %ZFFSLL  420[j0d B uosyoer  uspuadiey pue piiy1 ueijey| |euoibay e SB8FE06L  8CLFS8 e LSFCEC N 29 o[61] 1€ 13 1j0L24
suwiesy
(r261) A3) diysuodueyd o[88]
BU %9/LF6/LL  -SISWOMRB UILING 4103593 o1els Ueljizeig |euoibay qLLLFOP8L 9 LCFC98 E6F19C N 'E8L ‘e 19 BlPAIIO =d
[a@s Fueaw]
(6 10 95) ssew [@SFueaw] [QSF uesaw] [obues 10 P
swuedwod [gs F ueaw] uondudsap (wd) ybiay (63) ssew QS Fuesaw] pue (u)9zis
uea] 9p)eyApog ejnwio4 juawdinby 9|dwes ELES] Apog Apog (s1eak) aby 9|dwes
SawWodINQ SPOYIdN uonejndod Jeak pue sioyiny

(panunuod) € ajqey



Page 13 of 21

(2022) 8:26

Sansone et al. Sports Medicine - Open

3|qejieae syutod ejep aiow {pajuasaid Apnis dn-Mmoj|04 JO SN|eA [e[3iUl JO Blep UOIUSAISIUI-II ,

[(Ll-zu+1u)

/ (Qv(W-gw)ygu + gy (W- L W) LU 4+ ZTvEPSx(1-TU) + Tv LPS«(L — LU)] 1bs =uoneinsp piepueis sjdwes pajood pue (zu + Lu)/(ZuxgW + LUy | W)= ueaw pajood aie suonenbs buipiodde ay| ‘sdnoib [enpiaipul 3yl 10j pariodal
(Tps ‘Lps) suoneInsp paepuels pue (zw ‘Lw) suesw ‘(zu ‘Lu) sazis d|duwies 3y3 Buisn pajendjed a1am sanjeA 3A1323dsa1 Y3 ‘UoljeIASp paepuels d|duies pue uesw d|duwes 3y3 Joj sajewss pajood buniodal Jou salpnis 104 ¢
uonsod sJaKe|d Juaiayip 1oy elep sy pariodal 1eyl salpnis ,

sieak £ ‘uoneinap piepuels
@S ‘2|9e|IeAR JOU D°U ‘SSRW SISNW P/ ‘S]eW jy UONRIDOSSY J133|Yly 21e163]|0D) [BUOIIEN YYDN ‘UOIIRIDOSSY [|eqiaysed [euoneN YgN ‘ssew Apoqg ues| g7 ‘ssew 9a1) 1ej /44 ‘3]eway 4 UOIIRIDOSSY ||eqidysed d1elpy vy

anbes|
U %/YFOLL (¥/61) zseynr  uspuadiey UuNoj ysiueds |euoibay 0OCcFGseol 6'CFL68 80F00¢ W'ZC o[z e s esonbep
[@s + ueaw]
(6 10 9%) ssew [asFueaw] [gSFueaw] [ebuels 10 XS
juswiiedwod [QS F ueaw] uondudsap (wd) ybi1ay (6y) ssew QSFueaw] pue (u)azis
ued] 9 3lejApog ejnwio4 jusawdinby a|dwes [ELES] Apog Apog (saeak) aby 9|dwes
sawodInQ SpoYyIaN uone|ndod Jeak pue sioyiny

(penunuod) € ajqeL



Page 14 of 21

(2022) 8:26

Sansone et al. Sports Medicine - Open

9|qe|ieae syujod elep aiow pajuasaid Apnis dn-moj|o) Jo aN|eA [enjul 1O BIEP UOIIUSAIDIUI-II 5

[(L-eu+1Lu)/

(Tv(W-TW)TU + Ty (W- L W) LU+ ZvZPSk(L — TU) +Tv LPSk(L — LU)] Mbs = uoneirap piepuels ajdwes pajood pue (zu + LU)/(ZUxgW + LUy W) = ueaw pajood aie suonenbas buipiodde ay] “sdnoib [enpiAipul 3y3 Joj pariodal
(Tps ' Lps) suoneInap piepuels pue (zw ‘Lw) sueaw ‘(zu ‘Lu) sazis d|dwes ay3 buisn paje|ndjed a1am sanjeadAndadsal ay) ‘uoneinap piepuels ajdwes pue ueaw ajdwes a3 104 sajewnss pajood buiiodas Jou saipnis 104

uonisod sake|d Juaiayip Joj e1ep sy pariodal 1eyl salpnis ,

UOIBIASP PJepUBIS (S ‘3]ge|IBAR JOU D'U ‘3|BW Y ‘UOIIRIDOSSY D1I3|YlY 23163]|0D [UOEN VYN ‘SSew 9314 18y /4 ‘dewsy 4

aan
[W44] -S0D 'V/£00¢ | UoIs Slz6]
B LI'ELFGSL SeFecec eu pod pog -INd YVON [euoneN €8FS9sL 60LFL'LL 8LFL0C 411 ‘e 18 bimpen
daw
[W44] -S0D 'Y000¢ | uois [96]
B 1'9F TS L9F9LC eu pod pog -INd YVON [euoneN 9LF6/LLL 6'LLF9¢eL 8l 4'$6 ‘e 19 5p|old
w441
BY €9F 645 S9FSIT OLFULLL GETULFIVL vT-8l 4'961
aian
[W44] -S0D 'Y000¢ | uolis o[G6]
By g8FTes ql'SFSLL eu pod pog -INd YVON |euoneN qC6FO0VoL 9 CLFSYo (-8l W'ZTL ‘e 19 5Pl
[@s F ueaw]
(6)]) ssew [aSFueaw] [QSF ueaw] [ebueu 10
jusdwpedwod  [gS Fuesw] uondudsap (wd) yb1ay (By) ssew @S Fueaw] Xas pue (u)
uea] (%) ey Apog 24emyos juawdinby 9|dwes ELES] Apog Apog (s1eak) aby  9zis 9| dwes p
e,
sawodInQ spoylan uonejndod  pue sioyiny

AydeibowsAyiald Juswade|dsip Jie Yum painseaw siyaweled Uolisodwod Apog pa1dajas  ajqel



Sansone et al. Sports Medicine - Open (2022) 8:26

even when considering the moderating effects of meas-
urement method and competitive levels. While a previ-
ous direct comparison across male and female basketball
players has shown similar results [2], our study compiled
all previous relevant research on body composition of
basketball players. Females carry greater BF than males
due to biological differences [15] which have to be taken
into account by practitioners working with female bas-
ketball players, from both performance (e.g. speed, power
training) and health (e.g. manipulating training loads to
reduce risk of injury) perspectives. Despite the increas-
ing number of publications focusing on female basketball
players in recent years, the body of evidence available on
women is still much smaller than that available for men
(3467 male players included versus 868 female players).
Considering the already comparatively low number of
female athletes included into this meta-analysis, it should
be noted that only 8 of the 44 studies involving female
athletes estimated BF content through measurements of
skinfold thickness. Hence, the respective reference val-
ues reported here must be interpreted carefully. While
skinfold assessment has some limitations [99], it is also
the least expensive method and most frequently used by
practitioners [99]. For these reasons, further research
into the anthropometry of female basketball players is
warranted to obtain more robust reference data.
Interestingly, considerable differences were found
between BF values registered with different measure-
ment methods. BF as measured by DXA was significantly
higher compared to BF measured by BIA or skinfolds.
Thus, our meta-analysis confirms the results of a single
original study, in which BF values measured by different
methods were compared in the same sample [30]. Fur-
thermore, it has been observed by various studies that
athletes’ BF measured by skinfold or BIA is significantly
underestimated when directly compared to BF measured
by DXA [100, 101]. Given these differences, it is recom-
mended to compare BF values only to reference values
derived with the same measurement method (see Table 1,
2, 3, 4, 5). Additionally, results can also be affected by
measurement preparation as well as the type of measure-
ment equipment and the computational procedures used
for the estimation of BF content [17, 102]. As an example,
Golja et al. [102] observed that BF estimates of young,
healthy subjects ranged from 6 to 29% across several
skinfold regression equations. Similarly, large variability
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between measurement devices and equations have been
found for BIA and DXA derived values of body compo-
sition [17, 103]. This carries important implications for
practitioners assessing BF levels in athletic cohorts and
comparing their results to data reported in the literature.
If possible, data should be compared to values obtained
with the same measurement equipment and compu-
tational procedure. Equally, it is imperative that future
studies clearly state both measurement devices and com-
putational procedures. Another important point to con-
sider is measurement methodology standardization. Even
though it is well known that factors such as hydration
status, food intake, physical activity and temperature can
influence all body composition measurement methods
[17, 103, 104] about half of the studies included in this
review did not provide adequate details regarding meas-
urement methodology standardization. Another second-
ary finding that might help future research planning is
that only about one third of the studies included in this
review reported measures of reliability (e.g. coefficient
of variation, intraclass correlation coefficient, etc.) for
their body fat assessments. However, this is important to
ensure that data are sound, and results are accurate.
Regarding competitive levels, we found BF levels to
be significantly lower in international-level players com-
pared to national or regional players. However, it should
be noted that the sensitivity analysis of the data showed
that findings were influenced by single studies, which
means caution is needed in their interpretation. While
we expected to find lower BF values in higher competi-
tive levels, differences between groups were generally
small and could be only observed when comparing the
international to lower competitive levels. While lower BF
is advantageous for neuromuscular actions such as jumps
and changes of directions [8, 9], the game of basketball
is also characterised by static efforts. These actions refer
to all those situations in which players are stationary and
fight to obtain and maintain advantageous position on the
court (e.g.to rebound, in picking and low-post situations)
[3, 105]. In these specific scenarios, a greater body mass
might be advantageous for the player, making him/her
less prone to be pushed away from his/her position by an
opponent. Since previous studies have shown that higher
level players have a greater body mass than lower-level
players [19, 20, 22], it is possible that lean compartment
mass, rather than BE, is more sensitive in discriminating

(See figure on next page.)

Fig. 2 Relative body fat of basketball players: forest plot showing pooled mean estimates and 95% confidence intervals of included studies. ADP
air displacement plethysmography; BIA bioelectrical impedance analysis; C/ confidence interval; DXA dual-energy X-ray absorptiometry; F female;
M male; 1, 2, 3 single study included multiple times in the forest plot as it included data from multiple samples (e.g. male and females; international
and regional); * marking different studies from same authors and published in the same year
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Author(s) and Year Sample  Sex Level Method Estimate [95% CI]
42 Mala et al. (2015) 14 F  International BIA I—-—' 21.20[20.31,22.09]
40. Ljubojevic et al. (2020) 26 F Intemational  BIA ——] 20.10[18.49. 21.71]
41. Ljubojevic et al. (2020) 27 F  International BIA I—'—| 19.80[18.06, 21.54]
67. Nitsweni et al. (2017).1 14 F  Intemational Skinfold —— 2230 [19.42, 25.18]
95 Fields et al (2018).1 196 F  National ADP = 2150 [20.59, 22 41]
96. Fields etal (2018) 95 F  National ADP ] 2160 [20.25, 22.95]
97. Ladwig et al. (2013) o F  National ADP et 22.30 [19.05, 25.55]
44 Delextrat et al. (2012) 9 F  National BIA — 21.10[18.62, 23.58]
45. Delextrat et al. (2013).1 8 F  National BIA - 22,50 [17.93. 27.07]
47. Delextrat et al. (2014).1 8 F National BIA I—'—| 21.90[18 09 25.71]
56. Stauffer et al. (2010) 13 F  National BIA L —— 2190 [19.02, 24.78]
27. Dobrosielski et al. (2019) 28 F National DXA l—‘—| 26.80[25.13,28.47]
29. Nepocatych et al. (2017) 10 F National DXA I—-—{ 2820 [23.49, 32.91]
30. Ploudre et al. (2018) 14 F  Natonal  DXA — 2850(26.72, 30.28]
31. Raymond-Pope et al. (2020).1 122 F National DXA l—-—| 21.80[20.08, 23.52]
33. Sanfilippo et al. (2019).1 14 F  National DXA [ 23.60 [19.67. 27.53]
34. Sekel etal. (2020).1 11 F  National DXA R 2550[22.01. 28.99]
8. Spiteri etal. (2015) 12 F  National DXA e 28.10[23.86, 32.34]
35. Stanforth et al. (2014) 38 F National DXA 25.20[25. 04 25.36]
36. Zanders et al. (2018) 13 F  National DXA 27.10[25.36, 28.84]
32. Rockwell et al. (2021).1 14 E National DXA |'l‘| 23.70[23.07,24.33]
84. Puente et al. (2017).1 10 F  National  Skinfold S 16.80 [13.45, 20.15]
86. Thigpen et al. (2014).1 1 F  National  Skinfold ] 14.20[10.42, 17.98]
87. Watson et al. (2019) 9 F  National  Skinfold —] 25.00 [23.24, 26.76)
58. Delextrat et al. (2018) 15 F  Regional BIA e 23.60 21.12, 26.08]
59. Kutsenyb et al_ (2019) 12 F  Regional BIA e 18.50 [16.41, 20.59]
38. Taylor et al. (2016) 14 F Regional DXA l—-—{ 25.30[23. 05 27.55]
90. Gomez et al. (2011).1 24 F Regional Skinfold |—-—| 15.60 [14. 68 16.52]
91 Marca (2016).1 23 F  Regional  Skinfold —— 24602219 27.01]
2. Scanlan etal. (2015).1 12 F Regional  Skinfold 17.20[14.03, 20.37]
67. Mtsweni et al. (2017).2 41 F Regional  Skinfold 22.10[20.32,23.88]
43 Vukasinovic-Vesic efal. (2015) 96 M Intemational _ BIA F 9.40(8.64,10.16]
20. Abdelkrim et al. (2010) 30 M International  Skinfold =4 10.00[9.14, 10.86]
62. Albaladejo et al. (2019) 8 M International  Skinfold 11.20[9.74, 12.66]
63. Calleja-Gonzalez et al. (2010) 27 M International  Skinfold 10.30 962 10.98]
16. Cui etal. (2019) 1160 M International  Skinfold H 7.20(7.04, 7.36]
64. Doeven et al. (2017) 14 M International  Skinfold f—— 10.30[8.41,12.19]
65. Gonzalez et al. (2013) 7 M  International ~ Skinfold f—'—{ 7.20[5. 79 8.61
66. Juric et al. (2019) 28 M International ~ Skinfold }—-—' 12.70[11.26, 14.14
68. Ponce-Gonzalez et al. (2015) 12 M International ~ Skinfold H 10.30[ 9. 73, 10.87]
69. Tsoufi et al. (2017) 15 M  International ~ Skinfold 8.00[6.63, 9.37]
22 Vaquera et al. (2015).1 24 M  International  Skinfold 9.60 [ 8.64, 10.56]
70. Zhao et al. (2015) 16 M International  Skinfold - 14.40 [13.67, 15.13)
95. Fields et al (2018).2 127 M National ADP Lu 1150 [10.61, 12.39
45. Delextrat et al. (2013).2 8 M National BIA R 12.80[9.47, 16.13
46. Delextrat et al. (2013) 9 M National BIA 12.30[9.29, 15.31
47 Delextrat et al (2014) 2 9 M National BIA 12.40[9.33. 15.47]
48 Delgado-Floddy et al. (2017)1 8 M National BIA ] 1930 [13.62, 24.98
49 Dzedzej et al. (2016) 14 M National BIA — 9.80[7.70, 11.90
50. Gryko et al. (2018) 35 M National BIA |—-—| 14.00 [12.97, 15.03]
51 Koklu et al. (2011) 45 M National BIA 11,50 [10.21, 12.79)
52. Kukric et al. (2017) 60 M  National BIA 12.00[11.17,12.83
53. Michalczyk et al. (2018) 11 M National BIA I———' 12.30[10.88, 13.72
54. Michalczyk et al. (2019) 15 M National BIA 12.40[1124, 1356
55. Ramos-Campo et al. (2014) 25 M National BIA 12.80[11.15, 14.45
9_ Ribeiro etal. (2015) 1 M Naonal  BIA F— 1360[1029, 1691
26. Atalag et al. (2019) 36 M National DXA —— 16.50 [15.06, 17.94
28.Imeri & Dureha (2012) 30 M National  DXA ] 1530 [14.15, 16.45]
31. Raymond-Pope et al, (2020) 2 8 M  Natonal DXA = 13.80[12.99, 14.61
33. Sanfilippo et al. (2019).2 16 M National DXA ] 1220[1122,13.18
34. Sekel etal. (2020).2 11 M Natonal DXA = 15.00[13.64, 16.36
32. Rockwell etal. (2021)2 14 M National DXA m| 15.50[15.08, 15.92
71. Boone & Borgois (2013) 144 M National Skinfold |»—| 12.90[12.26, 13.54]
73 Chatzinikolaou et al. (2014) 20 M National  Skinfold — 9.80(853,11.07]
74. Daniel et al. (2017) 7 M National  Skinfold e 11.10(7.47, 1473
75. Daniel et al. (2017) 10 M National  Skinfold ——r 10.70[8.16, 13.24
76. Dragonea et al. (2019) 12 M National  Skinfold ] 12.50(11.88, 1312
19. Ferioli etal (2018).1 67 M  National  Skinfold Fu] 11.30[1051, 12.09
77. Gomes et al. (2017) 11 M National  Skinfold e 1380 [11.67, 15.93
80. Masanovic et al. (2019).1 14 M National  Skinfold e 11.50 [10.45, 12.55]
18. Pehar et al. (2017) 110 M National  Skinfold - 9.10[8.46, 9.74
81. Pefia et al. (2018) 18 M National  Skinfold = 7.40[6.94, 7.86]
82. Pireva (2019) 130 M National Skinfold |--| 15.70[15.36, 16.04]
85. Sekulic et al. (2017) 110 M National  Skinfold ] 9.00[8.36, 964
86. Thigpen et al. (2014).2 1 M National Skinfold |—°—| 8.70[7.28,10.12;
22. Vaquera et al. (2015).2 44 M National  Skinfold = 11.90(10:84, 12.96]
72. Brini et al. (2020) 16 M National  Skinfold FH 13.00[12.17, 1383}
83. Pluncevic et al. (2020) 110 M National  Skinfold el 13.90 [13.15, 14.65
78. Kariyawasam et al. (2019) 30 M National Skinfold 11.60[9.63, 13.57]
79. Korkmaz et al. (2012).1 60 M  National  Skinfold 1360 [12.71, 14.49
57. Czuba et al (2013) 12 M Regional BIA 11.10[9.52, 12.68
48 Delgado-Floddyetal. (2017)2 9 M Regional  BIA ] 16.60 [11.57, 2163
60. Omorczyk et al. (2017) 30 M Regional BIA - 12501189, 1311
61. Salgueiro et al. (2015) 11 M Regional BIA '—-—' 11.10[9.33, 12.87]
37. Gantois et al. (2018) 12 M Regional DXA F 23.00 [22.32. 23.68
39. Sousa etal. (2017) 10 M  Regonal  DXA —] 16.30 [11.34, 21.26
88. De Oliveira et al. (2018) 183 M Regional Skinfold }—-—' 17.90[16.80, 19.00
19. Ferioli et al. (2018).2 62 M Regional Skinfold I—l—| 11.50 [10.45, 12.55
92 Pacheco-Gabaldon etal. (2018) 17 M  Regional  Skinfold - 920(8.30,10.10
90. Gomez et al. (2011).2 44 M Regional Skinfold I—-—| 14.90[13.95, 15.85)
91. Marca (2016).2 18 M  Regional  Skinfold —— 15.90 [14.28, 1752
80. Masanovic et al. (2019).2 12 M Regional Skinfold |—-—| 16.40 [12.55, 20.25]
84. Puente et al. (2017).2 10 M Regional  Skinfold ] 11.80[9.88, 13.72
93. Scanlan et al. (2012) 10 M Regional Skinfold I——-—| 14.70[12.53, 16.87]
94 Scanlan et al. (2013) 12 M Regional  Skinfold e E— 1550 [12.67, 1833
2. Scanlanetal. (2015).2 12 M Regional Skinfold |—°—| 11.50[9.18, 13.82
22 Vaquera et al. (2015)3 22 M Regional  Skinfold e 11.00 [ 9.04, 12.96]
89. Freitas et al. (2019) 18 M Regional  Skinfold = 12.30[11.42, 1318
79. Korkmaz et al. (2012).2 30 M Regional Skinfold I—l—| 12.10[10.85, 13.35)

Fig. 2 (See legend on previous page.)
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Table 5 Results of meta-analysis according to sex and
measurement method
Method Sex No of No of Body fat (%)®
studies subjects
Mean 95% Cl
(pooled)
DXA M 8 217 17.5 15.4-19.5
F 1 290 250 23.0-27.1
BIA M 16 408 124 10.6-14.2
F 9 132 20.2 18.5-21.8
Skinfolds M 37 2715 1.7 10.5-129
F 6 144 193 17.9-20.7
ADP M 1 127 13.7 9.3-18.1
F 3 302 21.3 16.9-25.7

ADP air-displacement plethysmography; BIA bioelectrical impedance analysis, C/
confidence interval; DXA dual-energy X-ray absorptiometry; F female, M male

2 Body fat values presented are pooled estimates and 95% confidence intervals
adjusted for sex and measurement methods
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Fig. 3 Funnel plot of the model including all moderator variables

between basketball players of different competitive lev-
els. While we extracted lean compartment mass from all
included studies (see Tables 1, 2, 3, 4), inconsistencies in
terminologies and calculation methods used impeded
their joint evaluation by meta-analysis. Future studies
should address these inconsistencies and clearly state
how lean compartment mass was calculated. Neverthe-
less, our results evidenced that BF content was lower in
higher competitive levels in basketball, an expected find-
ing which might be explained by several factors related
to competing at higher levels, such as more rigorous
anthropometric profiling and selection processes, con-
trolled diet, as well as higher physical, physiological and
energetic demands of training and competition.

This study had some limitations. Firstly, most stud-
ies did not report reliability measures of the body com-
position methods implemented, which casts doubt on
the reproducibility of included data. Similarly, few stud-
ies reported essential information such as hydration and
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feeding status—factors known to influence body com-
position measurements [17, 104]. Another limitation
regarded the categorisation of competitive level, which
could also have influenced our results. We categorised
players as international, national or regional, but this
classification may improperly reflect the players’ actual
competitive or skill level (e.g., the competitive level in a
regional league in the U.S. might actually be higher than
that in a national league of a country where basketball
is less popular). Lastly, since only 19 out of 80 included
studies reported BF values by playing position, it was not
possible to account for playing position in the present
meta-analysis. Players of different positions typically fea-
ture significantly different anthropometric characteristics
and performance profiles [3, 20], so there is a clear need
for future studies to report BF data by playing position.

This study also aimed at critically discussing the short-
comings of research published to date, and to identify
promising future research directions. We recommend
future studies assessing BF of basketball players to (1)
clearly describe computational procedures and meas-
urement devices used to estimate BF (2) specify the
reliability of the measurement instruments, (3) clearly
control and report the hydration and feeding status prior
to measurement, (4) specify the competitive level of the
sample by reporting the country and/or region and name
of the league in which players competed at the time of
the study, and (5) report BF of players in distinct cat-
egories (i.e. sex, competitive level, playing position) for
better interpretation of data. Additionally, it would be
interesting to review the influence of sex, measurement
method and competitive level on lean compartment mass
values, such as fat free mass, lean body mass and muscle
mass. However, inconsistencies in terminology could be
an important barrier to the successful (quantitative) com-
parison of studies investigating lean compartment mass
of basketball players.

Conclusion

This meta-analysis summarised and evaluated the avail-
able body of evidence on BF of basketball players. The
results showed that female basketball players have greater
BF than male counterparts. Results for the same bas-
ketball players varied depending on the measurement
method used; therefore, it is imperative for practitioners
assessing BF to compare their players’ BF only with the
values obtained in this study for the same measurement
method. International-level players appeared to have
lower BF than national or regional level players, suggest-
ing that body composition variables can discriminate
competitive levels in basketball.
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