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Abstract

Purpose Summarize evidence on masters’ swimmers enesgetitomechanics and

performance, gathered in selected studies.

Methods. An expanded search was conducted on six datgbas®#erence proceedings, and
department files. Fifteen studies were selecteduidher analysis. A qualitative evaluation of
the studies based on the Quality Index (QI) wasopmed by two independent reviewers.
The studies were thereafter classified into thremalns according to the reported data:

performance (10 studies), energetics (4 studiespamechanics (6 studies).

Results The selected 15 articles included in this revmresented low QI scores (mean score
of 10.47 points). The biomechanics domain obtaithechigher QI (11.5 points), followed by
energetics and performance (10.6 and 9.9 poinspertively). Stroke frequencyH) and
stroke length §L.) were both influenced by aging, althoug§k is more affected thafL.
Propelling efficiency ) decreased with age. Swimming performance dechviddage. The
performance declines with age having male swimndets/ered better performances than

female counterparts, although this difference téndse narrow in long-distance events.

Conclusions One single longitudinal study is found in theddture reporting the changes in
performance over time. Remaining studies are csestional designs focusing on the
energetics and biomechanics. Overall, biomechgracameters such &, S andz,, tend

to decrease with age. This review shows the lack blid body ok knowledge (reflected in
the amount and quality of the papers published)henchanges in biomechanics, energetics

and performance of master swimmers over time.



Practical Applications: The training programs for this age-groups shadogd aiming to

preserve the energetics as much as possible andurcently improving the technique.
Training sessions should feature a higher percentdgtechnical drills with the goal of
enhancing the swim technique. Another goal shoudd tihe association of technique
enhancement with aerobic and anaerobic sets, agallie swimmer to improve the

swimming efficiency.
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INTRODUCTION

Sport participation in masters’ competitions hasréased over the last couple of years
(24,26) as reflected by the increasing number bfetds competing in the master world
championships since the first championship hel@okyo in 1986 (3500 athletes) until the
last held in 2015 in Kazan (6318 athletes). In sovag this shows the interest that people
have in healthy sport participation with the advagcage these days (26). Research
comparing master athletes to sedentary subjectfobad that many of the aging effects are
the result of a sedentary lifestyle or disuse [®@)us, research with master athletes can
provide an excellent opportunity to investigate theffects of age in the
metabolic/biomechanical determinants of performa(#). Doing so, it is possible to

exclude physical inactivity as a potential confomgdactor (1).

Swimming is probably the most or, at least, oneth&f most popular sports for master
athletes. It imposes little strain, i.e. does m@juire carrying directly one's body weight, and
thus is especially suitable for older subjects (31)e reasons beyond the participation of
master athletes in competitions and/or in regula@r@se are the enjoyment and the health
benefits (35), as well as the will to enhance tlpeirformance (22). With aging population
and the current trends towards increasing physicabity in adulthood, it is important to
understand the relationship between age and physcormance as well as identifying the
factors affecting it. Among the most important tast affecting performance in swimming
are the energetics and biomechanics. Both can beitoned during training sessions
developed to improve both physiological and tecinability within and between seasons
(6). Longitudinal studies are required to have dunsight because cross-sectional designs are

less informative about the cause-effect relatignsimi a long-term frame (6). Another



interesting topic of investigation is the gendep ga master swimmers considering that,

compared to men, women have a greater loss of faudonction and capacity (27).

A few longitudinal studies in master swimmers carfdund in the literature. These aimed to
analyze the effect of age on performance. Yet,tadias are available reporting changes in
energetic and biomechanics over a full season en ev longer time-frame. Given the
increasing number of participants in this age-groap mentioned previously, and the
importance of physical exercise to prevent the basehronic diseases, this review aims to
identify gaps and trends in current research, hdlye€ontributing to the design of future
studies performed with masters’ swimmers. Moreovke information gathered here is
expected to help coaches and swimmers to improMerpence, assisting coaches in their
training prescription, and highlighting areas forther research~or this, a systematic review
was done, summarizing evidences related to thetesfeage on the energetics, biomechanics

and performance in masters’ swimmers.

METHODS
Experimental approach to the problem

This study aimed to summarize the findings repontethe literature on the effect of age on
the energetics, biomechanics and performance ofemagimmers. A systematic review of
the literature was carried out to gather such exdde An extensive literature search was
conducted to identify the papers published on thgsc. Based on inclusion and exclusion

criteria, a selected number of papers were keduftiner analysis.

Search Strategy
An extensive literature search was conducted, ftanuary T 1970 until March 312014, to

identify the studies in which biomechanics and getcs variables were reported for master



swimmers. This was done running searches on dasl{®sibMed, ISI Web of Knowledge,
Index Medicus, Medline, Scopus, and Sport Discushai the keywords “longitudinal”,
“masters’ swimmers kinematics”, “biomechanical’, n&egetics”, “physiological’,
“performance”, “swimming”, and “training season”jtkv multiple combinations and with no
language restrictions. In addition, extensive daagc and cross-referencing was done by
using the papers’ metadata of studies already ifthtReview articles (qualitative review,
systematic review and meta-analysis) were not densd. The energetics variables assessed
were: velocity at 4 mmolt of blood lactate concentration levels)( maximal oxygen
consumption YO2max), and maximal blood lactate concentration aftegreise [apeay). The
biomechanics variables were: stroke frequels€y,(stroke length{L), stroke indexd), and

propelling efficiency £p).
Inclusion and Exclusion Procedures

The included studies focused on cross-sectional@rgitudinal interventions on energetics,
biomechanics, and performance in master swimmédssters” are defined as individuals
who systematically train for, and compete in, omged forms of competitive sport

specifically designed for adults and older aduz8)( The minimum age of the subjects
participating in the study was 25 years old (insles Studies based on other swimming
topics; or using other chronological ages (e.gldodm and elite swimmers) instead of master

swimmers, were excluded.

Regarding the research question, studies were arated into three main groups: i)
performance; ii) energetics; iii) biomechanics. Tihermation extracted from the selected

studies was based on: research design, aim, ssigpeotedures/outcomes, and findings.

Quality Assessment



For the quality assessment, the checklist repdryedowns and Black (9) was selected. This
checklist was chosen due to the absence of a wdidguality assessment tool suitable for
sports performance. Two independent reviewers wartefed on how to do the the
interpretation of items featuring the checklist.ckaeviewer did go through the selected
studies checking if the items on the list were to@ed in those papers. For each item, a
value was assigned and, at the end of the proads®l score was obtained. This final score
indicates the quality assessment of the study wiher@igher the value, the better the quality.
The checklist presents a large range of scorinjl@soreporting, internal validity, external
validity, and power. In each profile, all items eaed rating scores where the maximal score
was 32 points. The degree of agreement in thersggniocedure was based on the Kappa
Index (K), and thresholds were interpreted accaydinLandis and Koch’s suggestion (21)
with i) K<O represents no agreement; ii) K19 poor agreement; iii) 0.20<K.39 fair
agreement; iv) 0.40<#0.59 moderate agreement; v) 0.668€K79 substantial agreement, and

vi) 0.80<K<1.00 almost perfect agreement.

RESULTS

Our search identified 163 relevant articles of whiect8 did not meet the inclusion criteria
(Figure 1). The reasons for exclusion were: beimgu$ed on other topics, such as body
composition, anthropometric characteristics, skéletuscle mass, and strength conducted
with elite swimmers, and participants from otherartological ages, including young

swimmers. Therefore, a total of 15 studies weresicimed for further analysis. From these,

the earliest one was published in 1990 (29) andnbst recent in 2014 (24).

**Eigure 1**

The studies focusing on the energetics, biomechaamd performance domains in masters’

swimmers are recent, being most of them conducted 2000 onwards (the remaining two



studies were published in the 1990s), indicatirag,tin the last 15 years, the interest in this
age-group has been increasing. Studies were adsigneach category according to the
reported data: performance, energetics, and bioamech Studies presenting evidence in

different domains were included in multiple categsr

Considering that no longitudinal studies reportargergetics and biomechanics domains in
masters’ swimmers was found, we have selected -smxgonal studies as well. The single

longitudinal study found reported the effects o agd gender on performance.

Quality Assessment

The Quality Index (QI) scores of the papers inctude this review ranged from 6 to 13
points (out of 32), with a mean score of 10.6 @ifihe reliability between both reviewers

showed an almost perfect agreement (0.94) in thergcprocedure.

The biomechanics was the field that obtained tig@ér QI score (11.5 points), followed by
the performance and energetics (10.8 and 10.5 gaiespectively). Among the five sub-
scales included in the checklist, the externaldigij internal validity (bias and confounding),
and power were those with the poorest scores. Riegpthe sub-scale external validity,
which addressed the extent to which the findingsfthe study could be generalized to the
population from which the study subjects were datjvnone of the selected studies used
random sampling to include subjects that would dggasentative for the entire population.
The sub-scale bias, which addressed biases in gasurement of the intervention and the
outcome, there was no attempt to hide the purpbsieecstudy of the swimmers or to blind
those measuring the main outcomes of the interwentrinally, in the selected studies, the
sub-scale power which attempted to assess whédtbeardgative findings from a study could

be due to chance, was not indicated. In the finbscale of the checklist (reporting), no



study provided a list of the principal confoundarsd the numbers of the patients lost to

follow-up.

Performance

Table 1 summarizes the four studies that report ghgormance variations in master
swimmers. All studies were cross-sectional desagristhe overall quality ranging between 9

and 13 points (mean of 10.8 points).

**Table 1**

All studies that analyzed the effect of age on swing performance (Table 2) found that

performance impaired with age (2,8,11,24,26,298@18B. Zamparo et al. (41) reported a
decrease in performance as a function of age. d¢eetrme in 200 m event increased 72.8 %
from younger to the older age-group. A progresémeease in 100 m swimming time was

also found with increasing age (29). In this stutlg, swimming time performance increased
62.2% from the age-group 25-35 years-old to thersmers older than 56 years-old (29). One
of the studies compared elite with master swimn(243 and reported that the first presented
a better performance. Bongard et al. (2) analyhedlistance traveled by men and women of
different ages, after one hour swimming. The rasuéivealed a significant decrease in
swimming distances from the youngest to the oldgstgroup in both genders: in men the
swimming distance decreased 84.7% whereas in waiteereased 105.5%. Another study
found that the 200 m performance impaired 9-14%véeh the ages of 35 and 45 years (26).
A longitudinal study over a period of 12 years (8ported that the long and short duration
swimming performance (1500 m and 50 m, respectjvaéclined with age. However, the

declining rate was greater in a long-distance (62%) than in a short-distance events (3 to
8%). In this study, the peak of performance in 150 m event was maintained until the

mid-thirties, followed by a progressive decreastl @0 years-old. Rubin et al. (30) reported



that, in men, performance impair in the 50 m (0.33%5% per year), 100 m (0.26%-0.68%
per year), and 1500 m (0.13%-0.55% per year) evé@iis same study also reported that, in
women, performance decreased in the 50 m (0.13%8%08er year), 100 m (0.10%-1.2%),
and 1500 m (0.04%-0.94% per year) events (29).5lhen performance was influenced by
aging (11), with the swimming performance time @asing 82.3% from the younger to the
oldest age-group. Tanaka and Seals (34) reporta] #iter 35 and 40 years of age,
swimming performance declined until 70 years of agggomen and men, respectively. In
long-duration events (1500 m), the swimming perfamce time increased 31.7% and 38.7%
in men and women, respectively, whereas in shaitohin events (50 m) performance time

increased 26.7% in men and 31.7% in women (34).
**Table 2 **
Energetics

Table 3 presents a summary of the studies thattoredi energetics in masters’ swimmers,
reporting the assessment of the maximal blood teaatancentration after exerciskeage).
The overall quality scores ranged between 9 anpolr8s, representing a mean score of 10.5

points.

The analyzed studies (1,29) reveal that.. decreased with advancing age. In the study by
Reaburn and Mackinnon (29)a.e«c decreased 8.4% from the youngest to the oldest age
group. In the study of Benelli et al. (1), thay,e.x decrease with advancing age was similar,

but at a different rate: 17.6% in women and 42.8%nen.

It was reported that the velocity at 4 mmiblaf blood lactate concentrations), VOomex and

the total energy expenditur&) were significantly higher in the elite swimmeftsam in



master swimmers (24). Furthermore, it was repottedv,;, VOorux and Ey; impaired with

age (24).

*Table 3**

Biomechanics

Table 4 presents a summary of the five studieshithaé monitored the biomechanic profile
in master swimmers. The overall quality scores eangetween 10 and 13 points, and a mean

score of 11.5 points.

All the studies related with the biomechanics peoin master swimmers were, cross-
sectional studies. Papers reported the stroke érequ&F) (11,15,39,41,43), stroke length

(S) (11,15,39,41,43), stroke indeRl) (11) and propelling efficiencyf) (39,41,43).

Favaro et al. (11) reported that the swimming €r@@, SF) were influenced by age. The
older swimmers presented lower valuesShf SF and S. SF decreased 21.3% from the
youngest to the oldest age-group. Thedecreased 26.7% from the youngest to the oldest
age-group.S decreased 56.3% from the youngest to the oldestgegup. Zamparo (39)
reported that, in male swimmeiSk increased 1.8% from the youngest to the oldest age
group; S_ andy, decreased, respectively, 33.5% and 37.5% fronydegest to the oldest
age-group. In female swimmelS; decreased 15.6% from the youngest to the oldest ag
group; SL andy, decreased, respectively, 31.2% and 28.6% fronyduegest to the oldest
age-group. Finally, Zamparo et al. (41) reporteat 8% increased 2.4% from the age-group
30-40 years old to the age-group 70-80 years &ldandz, decreased, respectively, 30.4%

and 32.3% from the youngest to the oldest age-group

**Table 4**

DISCUSSION



The aim of this investigation was to summarize em@ke on master swimmers allowing
characterizing the biomechanics and energeticlpsoéind performance. The selected studies
are relatively recent, with an increased intereghis age group, since 2000s. This increase
may be due to several reasons: the aging populati@engrowth of the number of adults
participating in organized sports, greater healthcerns, and the fact that coaches are
gaining increasing experience in this age-group. (BBaddition, swimming is advantageous
for adult subjects once it is a medically safe aond-weight bearing activity, enabling the
participation of a large array of subjects, eveosththat may present limitations or other
orthopedic injuries (30). However, we failed todim the literature longitudinal studies
analyzing the energetics and biomechanics proféesl/or the performance changes over
time. The cross-sectional studies have some limitatthat may bias the findings, since
assessing or comparing different groups and vasaht a single moment, makes them less
informative about the cause-effect relationshipsm tBe other hand, the assessment in
longitudinal studies implies a data collection dgra certain number of occasions, allowing
establishing cause-effect relationships (5). Thiecsed studies mainly report data about
swimmers that competed at local or national ley2J$1,24,39,41,43), and swimmers in the
top of the national ranking (1,8,15,26,29,30,3242), Regarding performance, the studies
found a decline with age (2,8,11,24,26,29,30,34,&&garding energetics, not onlypea
(1,29), but alsovs, VOmax and Ex:  (24) decreased with the advancing age. Thereeave f

longitudinal studies related with the effects oinggn performance (8,26,30,34).

Quality Assessment

The majority of the articles, included in this sysatic review, presented low quality scores
compared to other scientific fields. A similar lauality score (11.68 points) was reported in
28 studies conducted with elite swimmers (5). The=ssults suggest that, in this field,

research needs to improve some important itemsnkaree their quality. Regarding the
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different domains, the higher scores obtained leystludies related to biomechanics may be
due to the use of more valid and reliable procesitoaneasure the variables. The earlier (29)
and the most recent study (24) obtained 10 poifisevthe scores of the studies published
between these two studies ranged from 6 to 13 folitus, it seems that the publication date
did not influence the quality of the studies. Tineaklist used here, for quality assessment,
was built based on more accurate scientific arbas)g focused on procedures such as
randomization, blindness, and the use of contraligror practical effects (5) which are hard

to attain in the studies of this area. In facits idlifficult to obtain random sampling, including

subjects that would be representative for the empirpulation, since the number of swimmers
with the specific features available for these ®sids reduced. Therefore, findings cannot be
generalized to the population from which the stisiypjects were derived. In order to

minimize this limitation, convenience samples asedi Considering this, the development of
a more adequate list, adjusted to the characteviefithis field of study may be necessary or,
whenever possible, swimming researchers shouldidemthe aspects mentioned previously

to improve the quality of the studies.

Performance

Considering 200 m event, the results mentionedipuely showed differences in the time
required to perform it, due to the environment a&ypk of test performed. Thus, the best
performance (42) represents the 200-m freestyletanasorld record, reached in a
competition event, while the worst time was obtdinea test where only arms were used to

swim (43).

All the studies related with performance reporteel decline of swimming performance with
advancing of age (i.e. performance time increadés).power and capacity of the immediate

(ATP-PCr), short-term (anaerobic glycolysis), amhd-term (oxidative phosphorylation)
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systems of energy production are the major fadtordetermining swimming performance
(29). With the advancing of age, we found a de@ess the aerobic and anaerobic
contributors and/or an increase in energy cost4@0,As mentioned earlier (section 4.2),
cross-sectional and longitudinal studies investidahe changes in maximal aerobic power
(VO2max) that occurred as a function of age. The crostesed studies indicated th&O,max
decreased by 10% per decade, after the third dexfdde, in both genders, regardless of the
activity level, whereas the longitudinal studiepaged a similar trend, though with a larger
variance depending on the level of training. Maximwaaerobic power also decreased with
age (42). Although this consensual decrease irbaeamd anaerobic was found, it seems that
the rate of decline in swimming performance withe agas greater in long-distance than
short-distance events which could mean that phygical determinants of different swim
events impair at different rates. Thus, it was sstgd that the maximal aerobic capacity
exhibits a considerably stepper rate of impairrntéan the anaerobic power (8). However,
despite being slower, the decline of anaerobic p@ls® happens. The later one is related to
the decreased muscle mass and type Il muscle &bephy, decreased rate of force

development and changes in enzyme activity ancedsed lactate production (28).

Regarding energy cost, its increase with age is dileer (40): (i) an increase of
hydrodynamic resistance, due to morphological atarstics changes in body size and
density, fat distribution, and skin stiffness, (i) a decrease of the propelling efficiency and
overall efficiency. The efficiency depends on tlehnical skill of the swimmers (36).
Considering this, it is important to recall thatrso of recruited subjects were not swimmers

in their youth, starting to swim only in adults, a@oor technical level should be expected.

In addition to the physiological factors, the deeliin performance was also due to
sociological changes that occur with age with ampaot on the external training load:

tendency to train with lower exercise intensity )(3@rofessional practical considerations



12

related to their professional work schedules amdilfar responsibilities (18) that do not

allow a bigger commitment.

Energetics

Layeak Was the energetic variable used to assess theohiaeapacity of the swimmers.
Lapeax is thought to provide useful information on thearobic glycolytic activity in working
muscles during supramaximal exercise (20). Theewdifice found irLagex values may be
attributed to the differences in the test perforn@aneasure it, such as its duration, as the
contribution of the energy systems depends bottherntensity and duration of the exercise
(14). The contribution of the anaerobic lactic gyesources decreases along with the
duration of exercise (40). However, in Reaburn Bagkinnon (29) and Benelli et al. (1) the
Layea data found in the age-groups 25-35 years old @dyears old was similar, although
the event was different (100-m vs. 200-m). The faat may justify the high value found by
Benelli et al. (1) is that the data collection veasried during the world championship where
the motivation for reaching the best performance higher. The decrease lodipe With the
advancing of age may be explained by the decrefadeeanaximal anaerobic power in the
oldest subjects (42). This decrease in anaerobforpgance may be attributed to changes in
morphological factors (decreased muscle mass gpel ltymuscle fiber atrophy), muscle
contractile property (decreased rate of force dgwakent) and biomechanical aspects

(changes in enzyme activity and decreased lactatbuption) arising from ageing (28).

The higher values o¥,, VO.ux and total energy expenditurg&.{) presented by the elite
swimmers compared to masters’ may be explainedhbycharacteristics of the training
carried out by masters’ swimmers, as the lower mauof training and training loads,

predominantly aerobic, will not be enough to im@dhe energy production systems (24).



13

Moreover, the commitment of masters’ swimmers withning is quite different from the

one of elite swimmers, due to different goals aralgssional/familiar compromises.

The quality of life, cardiovascular disease, alla mortality, and the ability to perform the
tasks of the daily life and the ease with whichsthgasks can be performed (i.e.,
physiological functional capacity) depend largely the maintenance of sufficient aerobic
capacity and strength (13) and the most frequarggd measure of physiological functional
capacity isVOamax (34). It is commonly accepted that physical atfiincreases/Oznax (7),

as evidenced by the data reported in several studteowing thatvOs.x Of active and
athletic subjects was significantly greater thandesgary subjects of similar age
(10,12,19,25,38). However, the role of exercisetlw age-associated decline \@Donux IS
highly controversial (13). Several studies reporedte of decline of 10% per decade after
the age of 25 years old in healthy sedentary iddizis (4,10,12,34). Moreover, it has been
proposed that continued exercise training may sl@wate of decline 0¥O.nux at a rate of
5% per decade rather than the 10% per decade medtiearlier (3,16). On the contrary,
some studies reported that the rate of decliné@f.x was similar in athletic and sedentary
subjects (19,33). Although, it was expected that pgr se would contribute to the decline of
VOomax, it @ppears that the decrease in the practiceguflar aerobic exercise may result in a
higher rate of decline that could result in a loBsndependence in carrying out daily tasks.
Thus, it would be important to maintain a vigorqusysical activity to mitigate the age-
related decrease WO.nax (13,17). For all the reasons mentioned eaNi@;max iS considered

a good health indicator, once the decrease in mabaerobic capacity with age has a number
of physiological and clinical implications such iasreased risks for cardiovascular and all-
cause mortality, disability, and reductions in dtiga function, quality of life, and
independence (10,12). Considering this, Bongaal. €R2) suggested that masters’ swimmers

have a lower cardiovascular risk than their lessjgally active counterparts.
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Biomechanics

The changes observed in the biomechanics variabliéisin a season, are important once
they allow analyzing the effectiveness of the strolechanics. To accomplish th;,, SL, S
andzp were used. The analysis of the six studies shahatdFavaro et al. (11) and Zamparo
et al. (41) obtained the outliers values $f and S.. One reason may be the different
protocols used in each study (time trial or offigi@ce), including the selected distance and
intensity. Regardin@F, the reason for the higher valt@nd by Favaro et al. (11) was the
shorter distance performed (50 m) and the contexthich the test was conducted (official
competition). In short-distanceg,ncreases at the expense of the increass#and not of
9., while at submaximal velocity is achieved by a small&F and a largeS. (41). The
higher value ofS. reported by Zamparo et al. (41) may be attributethe test performed
(swim for four minutes at a constant submaximakspeand, consequently, to theeached

in the test, once&l increases with the distance increase, being laagesiow swimming
speeds and tends to decrease at maximal speedlyFtha lower s, value obtained by
Zamparo et al. (43) may be explained by the intgrdithe bout. Swimmers performed 200
m at a maximal velocity while the data by Zampa8®) (was collected at a submaximal and
constant speedy, is proportional to the distance covered per strake tends to decrease at
higher speeds (39). The lower S, and S values found in masters’ compared to elite
swimmers may be explained by the lower mechanicatgp and muscle strength of the

former (24).

Favaro et al. (11) reported that the biomecharacarpeters., SF) were influenced by age,
as the older swimmers presented lower valued p&F andS. S. andS- depend on muscle
strength and the ability to exert powerful and effee stroke in water and, as we mentioned
earlier, with the advancing of age, a decreaskamiuscle mass and the type Il muscle fibers

atrophy occurs.
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CONCLUSIONS

Age influences the performance, energetics and é&obinics of master swimmers.
Biomechanics variables such as tB& S andp, impaired with age. Performance also
impairs with age. Male swimmers delivered betterffggenances than female counterparts,
although this difference tends to decrease in ldistance events. This review shows the lack
of longitudinal studies, assessing the changeséngetics and biomechanics over time and
how it may influence the performance. Hence, withimsight on such relationships over

time, it is more challenging to designing effectixa@ning programs for master swimmers.

PRACTICAL APPLICATIONS

The evidence gathered in this review may be udefuboth swimmers and coaches. Indeed,
the stability and change with age observed in swar@bles can be an important tool for
training and performance control. Age. influences tperformance, energetics and
biomechanics parameters. So the training shoulrhming to preserve the energetic factors
as much as possible and, concurrently, developdtienical skills. Thus, training should

include a higher percentage of technical drillsetdhvance the technical performance of the
swimmers. The focus would be on the associatioteofinical training with aerobic and

anaerobic tasks, allowing the swimmer to increasértical efficiency. Future studies should
consider selecting more cutting-edge and insightedearch designs (e.g., randomized

control groups) to improve the body of knowledge.
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Table 1. Summary of the studies about the perfocmah masters swimmers.

Authors Research design Aim Subjects Procedur®aitomes Findings
60 male swimmers (25-78 years) Time to performed 50 m freestyle:
+25 yrs old: 26.78+1.56 yrs old Age-group +25 yrs old: 28.08+2.17 s
+30 yrs old: 316.8+1.47 yrs old Age-group +30 yrs old: 28.57+1.84 s

Favaro et al. (11)

Cross-sectional

Verify the relationship between stroke index and
+35 yrs old: 36.840.84 yrs old Swim 50 m in a Masters Age-group +35 yrs old: 34.95+6.24 s

performance, and stroke index and age of the

+40 yrs old: 42.13+1.3 yrs old Swimming Tour Age-group +40 yrs old: 31.43+3.06 s
swimmers over fifties.

+45 yrs old: 46.5£1.46 yrs old Age-group +45 yrs old: 32.02+2.62 s

+55 yrs old: 56.86+1.46 yrs old Age-group +55 yrs old: 37.95+6.42 s

+75 yrs old: 76.50£1.38 yrs old Age-group +75 yrs old: 51.34+13.52 s

Reaburn and

Mackinnon (28)

Cross-sectional

16 males competitive masters

swimmers divided in four age Time to performed 100-m:
Determine the effect of age on maximal blood

groups: Age-group 25-35 yrs old: 59.6 s
lactate concentration, time to reach maximal

25-35:31.3 yrs old Maximal 100 m freestyle Age-group 36-45 yrs old: 65.9 s
blood lactate concentration and half recovery

36-45: 41.0 yrs old Age-group 46-55 yrs old: 71.7 s
time to baseline lactate concentration

46-55: 49.5 yrs old Age-group >56 yrs old: 96.7 s

>56: 67.0 yrs old

Zamparo et al. (42)

Cross-sectional

Time to performed 200-m freestyle:

Analyze master world records for Age-group 25-29 yrs old: 112.17 s
Analyze the determinants of performance iMasters swimmers with masters
each swimming style and eachAge-group 30-34 yrs old: 113.15 s

master swimmers world record (25-89 yrs old)
masters group of age Age-group 35-39 yrs old: 112.84 s

Age-group 40-44 yrs old: 113.65 s




Age-group 45-49 yrs old:
Age-group 50-54 yrs old:
Age-group 55-59 yrs old:
Age-group 60-64 yrs old:
Age-group 65-69 yrs old:
Age-group 70-74 yrs old:
Age-group 75-79 yrs old:
Age-group 80-84 yrs old:

Age-group 85-89 yrs old:

117.89s

120.34 s

124.01s

132.57 s

138.53 s

146.20 s

145.66 s

173.74 s

193.78 s

Zamparo et al. (43)

Cross-sectional

Explore

the

relation

between

arms-only
29 masters swimmers

propelling efficiency, and swimming speed; and

21 male - 33.5+9.1 yrs old

between mechanical power output and swimming

speed.

8 female - 28.5+8.6 yrs old

200 m maximal swim trial with a Time to performed 200-m:

pull-buoy (arms only) in a 25 m Male - 187.8+32.7 s

swimming pool

Female - 204.4+24.9 s




Table 2. Summary of the studies about the effeeigefon performance of masters swimmers.

Authors

Research design Aim Subjects Procedur®aitomes

Findings

Bongard et al. (2)

4271 healthy men and women
Examine the effects of age and gender oaged 19-91 years One hour swimming
Cross-sectional
performance Men - 45.2+13.0 yrs old (2001-2003)

Women - 41.7+13.1 yrs old

From the youngest decade (19-29 yrs) to the

oldest £80 yrs) the decline in mean performance

was 45.9% for men and 51.3% for women

Donato et al. (8)

319 men and 321 women Analysis of freestyle performance

Analyze the relationship among age, gender, ari®-85 yrs old times from the US MS
Longitudinal

period of 1988-1999

Declines in swimming performance with age

were greater in long-duration (6 to 12%) than in
endurance swimming performance Championships over a 12years
short-duration (3 to 8%) events.

Favaro et al. (11)

60 male swimmers (25-78 years)
+25 yrs old: 26.78+1.56 yrs old;

+30 yrs old: 316.8+1.47 yrs old;
Verify the relationship between stroke index and
+35 yrs old:. 36.8+0.84 yrs old; Swim 50 m in a Masters
Cross-sectional performance, and stroke index and age of the
+40 yrs-old: 42.13£1.3 yrs old; Swimming Tour
swimmers over fifties
+45 yrs old: 46.5+1.46 yrs old;

+55 yrs old: 56.86+1.46 yrs old;

+75 yrs old: 76.50+1.38 yrs old

50 m performance was influenced by aging

+25 yrs old:
+30 yrs old:
+35 yrs old:
+40 yrs old:
+45 yrs old:
+55 yrs old:

+75 yrs old:

28.08+2.17 s

28.57+1.84 s

34.95+6.24 s

31.43+3.06 s

32.02+2.62 s

37.95+6.42 s

51.34+13.52 s

Mejia et al. (23)

8 young masters swimmers
Identify the energetics variables related to young
Cross-sectional (29.75+3.80 yrs old) and 12 elite 7x200 m freestyle swim
masters’ and elite performance
swimmers (20.41+3.20 yrs old)

Elite swimmers presented a better performance

than master swimmers




Examine age and gender differences in world-

record performances of master athletes iMen and women masters’times in a 25 m pool, for freestyle

Ransdell et al. (25) Cross-sectional

swimming swimmers (35-50 yrs old)

and 1500m distances

Examine masters’ world record

stroke in 100m, 200m, 400, 800m

200 m performance declined 9-14% between the
ages of 35 and 45 years

200 m world record in men /women:

35 yrs old: 1.87 minutes / 2.07 minutes
40 yrs old: 1.83 minutes / 2.08 minutes
45 yrs old: 1.92 minutes / 2.10 minutes
50 yrs old: 1.97 minutes / 2.25 minutes
55 yrs old: 2.06 minutes / 2.25 minutes
60 yrs old: 2.17 minutes / 2.63 minutes
65 yrs old: 2.27 minutes / 2.70 minutes
70 yrs old: 2.42 minutes / 2.75 minutes
75 yrs old: 2.47 minutes / 2.95 minutes
80 yrs old: 2.98 minutes / 3.32 minutes
85 yrs old: 3.22 minutes / 3.90 minutes

90 yrs old: 3.67 minutes / 4.42 minutes

16 males competitive masters

swimmers divided in four age
Determine the effect of age on: maximal blood

groups:
lactate concentration, time to reach maximal

25-35: 31.3 yrs old
blood lactate concentration and half recovery

36-45: 41.0 yrs old

Reaburn and
Cross-sectional Maximal 100 m freestyle

Mackinnon (28)

time to baseline lactate concentration
46-55: 49.5 yrs old

>56: 67.0 yrs old

Increase in best recorded 100-m swimming time
was observed with increasing age

Age-group 25-35 yrs old: 59.6 s

Age-group: 36-45 yrs old: 65.9 s

Age-group 46-55 yrs old: 71.7 s

Age-group >56 yrs old: 96.7 s




50 m performance decline with age in men
(0.34%-0.55% per year) and women (0.13%-
0.93% per year)

Analyze the results obtained byl100 m performance decline with age in men

elite swimmers who participated (0.26%-0.68% per year) and women (0.10%-
19 male and 26 female masters

Examine individual swimmers’ data across an in competitions for an average of1.2% per year)
Rubin et al. (29) Longitudinal swimmers (minimum age of 25
average of 23 years 23 years from US Masters50 m performance decline with age in men
yrs old)

Swimming and the International (0.34%-0.55% per year) and women (0.13%-
Masters Swimming Hall of Fame 0.93% per year)
1500 m performance decline with age in men
(0.13%-0.55% per year) and women (0.04%-

0.94% per year)

Participants in US Masters Retrospective analysis of top USEndurance swimming performance decrease with

Swimming Championships (19- Masters freestyle times age in men and women
Tanaka and Seals Determine the effect of age on performance in
Cross-sectional 99 yrs old) After 35 and 40 years of age swimming

(33) adult men and women
performance declined until 70 years of age in

women and men, respectively

Time to performed 200-m freestyle:

Analyze master world records for Age-group 25-29 yrs old: 112.17 s

Analyze the determinants of performance iMasters swimmers with masters
Zamparo et al. (42) Cross-sectional each swimming style and eachAge-group 30-34 yrs old: 113.15 s

master swimmers world record (25-89 yrs old)
master’s group of age Age-group 35-39 yrs old: 112.84 s

Age-group 40-44 yrs old: 113.65 s




Age-group 45-49 yrs old:
Age-group 50-54 yrs old:
Age-group 55-59 yrs old:
Age-group 60-64 yrs old:
Age-group 65-69 yrs old:
Age-group 70-74 yrs old:
Age-group 75-79 yrs old:
Age-group 80-84 yrs old:

Age-group 85-89 yrs old:

117.89s

120.34 s

124.01s

132.57 s

138.53 s

146.20 s

145.66 s

173.74 s

193.78 s




Table 3. Summary of the studies about the eneggefimasters swimmers.

Authors

Research design

Procedures and
Aim Subjects
outcomes

Findings

Benelli et al. (1)

Cross-sectional

108 masters swimmers

56 females (40-49: 44.1+3.6

Measure the post-competition bloodyrs old; 50-59: 53.9+2.7 yrs 1 testing occasion 5

lactate concentrationguex) in masters old; 60-69: 64.6+3.0 yrs old; minutes after race

swimmers of both genders aged between0-79: 73.1+2.6 yrs old) participating in the 10
40-79 years and relate it to age an®2 males (40-49: 44.2+2.5 World Masters
swimming performance yrs old; 50-59: 54.6+3.2 yrs Championship in 2004

old; 60-69: 64.8+3.1 yrs old;

70-79: 73.0£2.5 yrs old)

Male Lagea:

40-49: 14.2+2.5 mmdl™*
50-59: 12.4+2.5 mmdl™*
60-69: 11.0+1.6 mmar*
70-79: 8.2+2.0 mmdr*
Femalelapeac:

40-49: 10.8+2.8 mmar*
50-59: 10.3+2.0 mmdl™*
60-69: 10.3+1.9 mmdl™*

70-79: 8.9+3.2 mmdr*

Mejias et al. (23)

Cross-sectional

8 young masters swimmers
Identify the energetics variables related29.75+3.80 yrs old)
7x200 m freestyle swim
to young masters and elite performance 12 elite swimmers

(20.41+3.20 yrs old)

Elite swimmers presented a better performance and
a highen,, VOma, andE, than masters swimmers.
Elite and masters performance was associated with

\Zi

Reaburn and Mackinnon

(28)

Cross-sectional

16 males competitive masters
Determine the effect of age on: maximal

swimmers divided in four age
blood lactate concentration, time to

groups:
reach maximal blood lactate Maximal 100 m freestyle

25-35: 31.3 yrs old
concentration and half recovery time to

36-45: 41.0 yrs old
baseline lactate concentration

46-55: 49.5 yrs old

Lagea Mmay be maintained with high-intensity sprint-
swim training as age increases.

Lapea following 100 m freestyle (passive recovery):
25-35: 14.25+3.34 mmiil*

36-45: 15.00+1.28 mmil*

46-55: 15.35+2.41 mmil*




>56: 67.0 yrs old >56: 13.05+4.97 mmdr*

Assessment of the

Masters  swimmers  with Masters swimmers’ performance declined due to
Analyze the determinants of metabolic power required
Zamparo et al. (42) Cross-sectional masters world record (25-89 the decrease in metabolic power available and
performance in masters swimmers in swimming races and the
yrs old) increase in energy cost.

metabolic power available




Table 4. Summary of the studies about the biomackarh masters swimmers.

Authors Research design Aim Subjects Procedur®aitomes Findings

60 male swimmers (25-78 years)
+25 yrs old: 26.78+1.56 yrs old;

+30 yrs old: 316.8+1.47 yrs old;

Verify the relationship between stroke index and SRandSL were influenced by aging.
+35 yrs old: 36.8+0.84 yrs old; Swim 50 m in a Masters
Favaro et al. (11) Cross-sectional performance, and stroke index and age of the S can be used for the prediction 50 m
+40 yrs old: 42.13+1.3 yrs old; Swimming Tour
swimmers over fifties performance of freestyle above 50 years

+45 yrs old: 46.5+1.46 yrs old;
+55 yrs old: 56.86+1.46 yrs old;

+75 yrs old: 76.50+1.38 yrs old

162 male swimmers (50-90 years)
200 m freestyle event in Master
Measurev, SL andSL during the 200 m freestyle divided in 7 age-groups: 50-54
World Championship; video-
Gatta et al. (15) Cross-sectional event and analyze the rate and magnitude of theirs old; 55-59 yrs old; 60-64 yrs Ageing process affec& more tharBSL
recorded for measurement of the
age-associated declines old; 65-69 yrs old; 70-74 yrs old;
stroke parameters
75-79 yrs old>80 yrs old

8 young masters swimmers

Identify the kinematics and efficiency. variableg29.75+3.80 yrs old) Elite swimmers presented a high8F, and S
Mejia et al. (23) Cross-sectional 7x200 m freestyle swim
related to young masters’ performance 12 elite swimmers (20.41+3.20 than master swimmers
yrs old)

32 males divided into 6 groups: Swim 50 m at constant velocity », decreased with age.

M11: 11.3+1.7 yrs old; M14: and stroke rate and repeat thévi1l:0.32+0.04
Determine the effect of age and gender on
Zamparo (39) Cross-sectional 13.8+0.5 yrs old; M16: 15.8+0.5 swim at three to four incrementalM14: 0.36+0.03
propelling efficiency £,)
yrs old; M23: 22.7+2.8 yrs old; speeds (in a 50 m swimmingM16: 0.40+0.04

M37: 36.8#4.8 yrs old; M54: pool) M23: 0.38+0.06




54.3+4.9 yrs old

31 females divided into 6 groups:
F10: 9.840.5 yrs old; F12:
12.2+0.4 yrs old; F16: 15.5+1.0
yrs old; F23: 22.7+2.7 yrs old;
F33: 33.0+2.6 yrs old; F45:

45.2+4.8 yrs old

M37:0.36+0.08

M54: 0.25+0.04

F10: 0.30+0.04

F12: 0.35+0.04

F16: 0.35+0.03

F23:0.38+0.04

F33: 0.36+0.03

F45: 0.25+0.03

Zamparo et al. (41)

Cross-sectional

47 male masters’ swimmers (31-
85 years old) divided into five
Measure the energy cost of swimming),(the age-groups:
propelling efficiency of the arm strokep) and - M30-40 (36.3+3.0 yrs old)
projected frontal area Alx) at submaximal M40-50 (45.8+3.1 yrs old)
aerobic speed M50-60 (52.942.6 yrs old)
M60-70 (62.8+1.8 yrs old)

M70-80 (74.145.7 yrs old)

SF (Hz) /9L (M) /7

Swim at a constant submaximal,

M30-40: 0.41 Hz/2.27 m/0.34
aerobic speed and a constant

M40-50: 0.47 Hz / 2.10 m / 0.32
stroke rate for about 4 minutes (in

M50-60: 0.46 Hz /1.86 m / 0.28
a 25 m swimming pool)

M60-70: 0.44 Hz / 1.47 m / 0.22

M70-80: 0.42 Hz/1.58 m/0.23

Zamparo et al. (43)

Cross-sectional

Explore the relation between arms-only

29 masters swimmers
propelling efficiency, and swimming speed; and

21 male - 33.549.1 yrs old
between mechanical power output and swimming

8 female - 28.5+8.6 yrs old
speed

200 m maximal swim trial with a

Maximal speed depends op and on maximal
pull-buoy (arms only) in a 25 m

power output
swimming pool
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163 full-text articles assessed

for eligibility 148 full text articles
excluded:
\----- »> Others topics (n=29)

15 studiesincluded in
gualitative synthesis

Elite swimtmners (n=53)

Toung swirmmers (n=35)




