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Abstr act

The aims of this study were to: (1) verify the sex effect; (2) assess 
upper limb asymmetry in anthropometrics and propulsive force 
variables; and (3) identify the main determinants of butterfly 
swim velocity based on a set of anthropometrics, kinematics, 
and propulsive force variables. Twenty swimmers (10 males: 
15.40 ± 0.30 years; 10 females: 14.43 ± 0.23 years) at the natio-
nal level were recruited for analysis. A set of anthropometrics, 
kinematics, and propulsive force variables were measured. Ove-
rall, a significant sex effect was verified (p ≤ 0.05). Non-significant 
differences between upper-limbs were noted for males and fe-
males in all variables, except for the dF in males (t =  − 2.66, 
p = 0.026, d = 0.66). Stroke frequency presented the highest 
contribution, where a one unit increase in the stroke frequency 
imposed an increase of 0.375 m · s-1 (95CI: 0.105;0.645, 
p = 0.010) in the swim velocity. The swim velocity was predicted 
by the mean propulsive force, intra-cyclic variation of the swim 
velocity, and stroke frequency. Overall, swimmers exhibit non-
significant differences in the variables assessed. Swim velocity in 
the butterfly stroke was determined by an interaction of propul-
sive force and kinematic variables in young swimmers.

Introduction
Swimming is characterised as being an early specialization sport 
[1]. To achieve high-performance in adulthood, swimmers must 
begin training at an early age. Performance of age-group swim-
mers and its determinants has been extensively studied in the front 
crawl stroke [2, 3]. However, there is a scarce body of knowledge 
on remaining strokes such as the butterfly [4, 5].

The main goal in competitive swimming is to travel a given dis-
tance in the shortest time. Thus, researchers and practitioners put 
their focus on how to improve swimmers’ velocity. Swim velocity 
depends on the interaction between drag and propulsive forces 
[6]. In the butterfly stroke, the drag and propulsive forces affect the 
velocity, but they are influenced by butterfly technique, mainly in 
young swimmers [7]. Moreover, the synchronization between 

upper and lower limbs is extremely important for velocity. Besides, 
better swimming performance was also related to higher propul-
sion continuity while simultaneously minimizing non-propulsive 
upper body gliding phases [8].

Additionally, in the butterfly stroke the upper limbs account for 
90 % of total body velocity in boys and 80 % in girls [4]. Hence, one 
can argue that the propulsive force of the upper limbs is a key de-
terminant of swim velocity in this stroke. In front-crawl youth swim-
ming, higher propulsive forces are related to an increase in the swim 
velocity [9]. Propulsive force in the butterfly stroke is produced by 
a symmetrical and simultaneous motion of both upper limbs with 
intra-cycle variation in displacement of the center of mass as low 
as possible [7]. Thus, one may expect that swimmers should pro-
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duce a similar amount of propulsive force by both upper limbs (i. e., 
non-significant differences between sides) [10].

In adults/elite swimmers, one study noted a very high correla-
tion between swim velocity and the predicted maximum velocity, 
measured by semi-tethered swimming, in the butterfly stroke [11]. 
Tethered or semi-tethered swimming is a very common technique 
to measure tethered force as a proxy of propulsive force in the but-
terfly stroke [10, 11] as well as in remaining swim strokes [3]. In the 
front crawl, for instance, significant upper limb asymmetries were 
verified in adult/elite swimmers in variables related to propulsive 
force (peak and mean force) [12]. The authors also noted that swim 
level (i. e., faster versus slower swimmers) presented a significant 
effect, i. e., faster swimmers were less asymmetric than their slo-
wer counterparts [12]. However, it was argued that tethered mea-
surements may not assess the propulsive force directly [13]. A cable 
connects a sensor to the swimmer’s waist and may not accurately 
represent the propulsive force on the acceleration of the swimmer’s 
centre of mass [13]. Therefore, one can suggest that measuring the 
propulsive force with sensors placed on the upper limbs could yield 
a more accurate measurement of the propulsive force [9, 14]. Mo-
reover, it is not possible to independently measure the propulsive 
force of each upper limb in the butterfly stroke. Independent mea-
surements of each limb enable the assessment of hypothetical con-
tralateral asymmetries.

At least in adult/elite swimmers, it was shown that velocity was 
not entirely dependent on the swimmer’s metabolic power, and 
other factors also played key roles in performance [15]. However, 
the literature does not yet provide insightful evidence on such de-
terminants for the butterfly stroke in age-group swimmers (ado-
lescent boys and girls). Very few studies can be found that identify 
butterfly stroke determinants at such early ages [4, 5]. As such, one 
can argue that variables related to swimming biomechanics (kine-
matics and propulsive force) as well as anthropometrics might play 
important roles in young swimmers’ swim velocity [5, 7]. Additio-
nally, little is known about differences between male and female 
swimmers in the adolescent age group for this specific swim stro-
ke. At least in the front crawl, swimmers of these ages already show-
ed differences in anthropometrics and kinematics [16]. However, 
there is still no information regarding differences (if any) in propul-
sive force in swimmers at the same competitive level.

The aims of this study were to: (1) verify the sex effect in the an-
thropometric, kinematic, and propulsive force variables selected; 
(2) assess the contralateral asymmetry in the anthropometrics and 
propulsive force produced by the upper limbs; and (3) identify the 
main determinants of swim velocity in the butterfly stroke based 
on a set of anthropometrics, kinematics, and propulsive force va-
riables. It was hypothesised that: (1) a sex effect would be verified 
in all variables selected; (2) significant differences would be verified 
between upper-limb anthropometrics and propulsive force varia-
bles; and (3) swim velocity in the butterfly stroke would be deter-
mined by an interaction of anthropometrics, kinematics, and pro-
pulsive force determinant factors.

Materials and Methods

Subjects
The sample was composed by 20 swimmers (10 males: 15.40 ± 0.30 
years, 66.88 ± 7.72 kg body mass, 1.76 ± 0.06 m in height, 
1.83 ± 0.07 m arm span, 478.70 ± 62.07 and 509.20 ± 76.30 FINA 
points in the 50 m and 100 m butterfly event in the short course 
meter, respectively; 10 females: 14.43 ± 0.23 years, 54.61 ± 4.20 kg 
body mass, 1.61 ± 0.05 m in height, 1.66 ± 0.06 m arm span, 
446.70 ± 63.72 and 502.20 ± 65.84 FINA points in the 50 m and 
100 m butterfly event in the short course meter). The swimmers 
were recruited from a national team at the end of the second ma-
crocycle (i. e., season’s peak performance, which corresponds to 
the competitive period). The inclusion criteria for the participants 
were: (1) fastest male and female swimmers (national level) in their 
age group in the 50 and 100 m butterfly (sprinting events); (2) at 
least four years of butterfly training and competition; and (3) par-
ticipation in daily training sessions from the beginning of the 
season. Swimmers who did not meet these criteria or suffered any 
injury from the beginning of the season until data collection were 
excluded from the study. They had more than 5 years of competi-
tive experience and trained 6–7 swimming sessions per week, con-
current with at least one dry-land strength and conditioning sessi-
on per week. Swimmers were informed about the data collection 
and potential risks of the study before the testing session. This was 
in accordance with the ethical standards proposed by Harriss et al. 
[17]. Parents or legal guardians and the swimmers themselves si-
gned an informed consent form. All procedures were in accordance 
with the Declaration of Helsinki on human research, and the Uni-
versity Ethics Board approved the research design.

Research design
The butterfly stroke, as the other swim strokes in age-group swim-
mers, is highly influenced by technical parameters where anthro-
pometrics and technical parameters play a major role [7]. Additio-
nally, swimmers should be able to achieve high propulsive force 
and avoid intra-cyclic variation of swim velocity to promote dis-
placement in the butterfly stroke [7, 15]. However, scarce informa-
tion is found in the literature about the anthropometric, technical, 
and propulsive force features that may influence the butterfly stro-
ke in age-group swimmers. Swimmers were not submitted to trai-
ning on the data collection day. Before in-water data collection, 
swimmers performed a standardised 1000 m warm-up for sprin-
ting events [18]. All in-water data used for further analysis was coll-
ected during three consecutive stroke cycles between the 11th and 
24th meter (three consecutive measures from each swimmer). 
Swimmers were randomly assigned for the first trial. For the remai-
ning two trials, they followed the same order to ensure full recove-
ry (at least 30 minutes between trials). They were instructed to hold 
their breath during such intermediate distance in order to avoid 
changes or significant variations in coordination due to breathing 
[19]. The in-water experimental testing took place in a 25 m indoor 
swimming pool (water temperature: 27.5  °C; air temperature: 
26.0  °C; relative humidity: 67 %).
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Anthropometrics
The length of the upper limbs and each hand’s surface area (HSA, 
in cm2) were selected as anthropometric variables and measured 
by digital photogrammetry. For the upper-limbs’ length, swimmers 
were close to a 2D calibration pole, and LED markers were placed 
on each upper-limb main anatomical landmark (acromion, lateral 
epicondyle, and styloid process). Afterwards, the arm (in cm) was 
measured between the acromion and the lateral epicondyle, and 
the forearm (in cm) between the lateral epicondyle and the stylo-
id process [20]. For the HSA, swimmers placed each hand on the 
scan surface of a copy machine near a 2D calibration frame, and the 
file was thereafter exported to a laptop. The distances and surface 
areas were measured using dedicated software (Universal Desktop 
Ruler, v3.8, AVPSoft, USA) [21].

Kinematics
Swimmers were invited to perform three all-out trials of butterfly 
with a push-off start. A mechanical apparatus (Swim speedo-me-
ter; Swimsportec, Hildesheim, Germany) was attached to the 
swimmer’s hip [9]. Software developed in house (LabVIEW, v. 2010) 
was used to acquire (f = 50 Hz) and display velocity-time data over 
each trial on a laptop. Data was exported from the speedo-meter 
to the interface by a 12-bit resolution acquisition card (USB-6008, 
National Instruments, Austin, Texas, USA). Then, it was imported 
into signal processing software (AcqKnowledge v. 3.9.0; Biopac 
Systems, Santa Barbara, CA, USA). The signal was handled with a 
Butterworth 4th-order low-pass filter (cut-off: 5 Hz).

The mean swim velocity (vmean, in m · s − 1), peak swim velocity 
(vpeak, in m · s − 1), stroke frequency (SF, in Hz), and the intra-cyclic 
variation of the horizontal swim velocity (dv, in  %) were assessed. 
The vmean was retrieved from the software between the 11th and 
24th meter. The vpeak was considered the highest swim velocity 
value achieved during each stroke. The SF was calculated by the 
number of cycles per unit of time, from the time it takes to com-
plete one full stroke cycle (f = 1/P; where P is the period), and after-
wards converted to Hz (ICC = 0.990). The dv was computed as:

dv
(v v-) F n

v F n
i i

2
i

i i i

==
�

�

− /

/

Where dv represents the intracyclic fluctuation of the swim veloci-
ty (in  %), v represents the mean swim velocity in (m · s − 1), vi repre-
sents the instant swimming velocity in (m · s − 1), Fi represents the 
absolute frequency, and n represents the number of observations 
[22].

Propulsive force
The propulsive force was acquired concurrently with kinematics tes-
ting (the same three maximal all-out trials of 25 m at butterfly with 
a push-off). Differential pressure sensors and underwater video 
(Aquanex + Video; Swimming Technology Research, Tallahassee, FL, 
USA) was used to measure propulsive force (f = 100 Hz) [9]. The sen-
sors were placed between the third and fourth metacarpals to mea-
sure the pressure differential between the palmar and dorsal sur-
faces. It is assumed this location is a good proxy of the application 
point of the thrust vector on the hand [23]. At the beginning of each 
trial, swimmers were reminded to keep their hands underwater at 
the waistline for 10 seconds in order to calibrate the system with the 
hydrostatic pressure values. The video camera was placed at the side 
of the swimming pool to record the swimmers on the sagittal plane. 
The sensors were connected to an A/D converter connected to a lap-
top on the pool deck with the Aquanex software (Aquanex v. 4.2 
C1211; Richmond, VA, USA) [9]. ▶Figure 1 depicts an example of 
the intra-cyclic force variation of each upper limb during an entire 
stroke cycle for males (Panel A) and females (Panel B), respectively.

Afterwards, time-propulsive force series were imported into si-
gnal processing software (AcqKnowledge v. 3.9.0; Biopac Systems, 
Santa Barbara, CA, USA). The signal was handled with a Butterworth 
4th-order low-pass filter (cut-off: 5 Hz). For each dominant and non-
dominant arm pull, the mean propulsive force (Fmean, in N), the peak 
propulsive force (Fpeak, in N), and the intra-cyclic force variation (dF, 
in  %) were assessed. The dF was calculated based on equation (1). 
The mean propulsive of the stroke cycle (Fmean_cycle) and the intra-
cyclic force variation of the stroke cycle (dFcycle) were computed as 
the average of the dominant and non-dominant upper limbs.

Statistical analysis
The Shapiro-Wilk and Levene tests were used to assess the norma-
lity and homoscedasticity, respectively. The mean and standard 

▶Fig. 1	Panel a – Example of a male swimmer’s upper limb force-time curve. Panel b – Example of a female swimmer’s upper 
limb force-time curve. 1 – catch (hand’s entry); 2 – outsweep; 3 – insweep; 4 – hand change from insweep to upsweep; 5 – ups-
weep; 6 – exit and recovery; Solid line – right upper limb; Dashed line – left upper limb.
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deviation (SD) were computed as descriptive statistics. The one-
way ANOVA was used to verify a sex effect (p ≤ 0.05). The total eta 
square (η2) was selected as effect size index, and deemed as: (i) wi-
thout effect if 0 < η2 < 0.04; (ii) minimum if 0.04 < η2 < 0.25; (iii) mo-
derate if 0.25 < η2 < 0.64 and; (iv) strong if η2 > 0.64 [24].

Paired samples t-test (p ≤ 0.05) was used to verify the differen-
ces between both upper limbs for all variables. Cohen’s d was se-
lected as the standardised effect size and interpreted as: (i) small 
effect size 0 ≤ |d| ≤ 0.2; (ii) medium effect size if 0.2 < |d| ≤ 0.5 and; 
(iii) large effect size if |d| > 0.5 [25].

Hierarchical linear modelling (HLM) was used to identify the 
swim velocity predictors. Three models were tested sequentially. 
In the first model the differences between sexes and the changes 
over time were tested. In the second model, the swimming perfor-
mance predictors were tested (i. e., anthropometrics, dry-land 
strength, propulsive force, kinematics and hydrodynamics selec-
ted variables). The third and final model included only the signifi-
cant predictors. Maximum likelihood estimation was calculated 
using HLM 7 software [26].

Results
▶Table 1 presents the descriptive statistics (mean ± one SD) for all 
variables assessed and the sex effect. A significant (p ≤ 0.05) sex ef-
fect was verified in all anthropometric variables, where the highest 
gap between male and females was verified in the non-dominant 
HSA (F = 52.04, p < 0.001, η2 = 0.74). By contrast, mixed findings 
were observed in the propulsive force variables. For instance, a non-
significant sex effect was verified for the Fmean_dominant (F = 1.63, 
p = 0.218, η2 = 0.08) and a significant one for the Fpeak_non-dominant 

(F = 9.03, p = 0.008, η2 = 0.35). Kinematic variables also showed a 
significant (p ≤ 0.05) sex effect, except the SF (F = 1.76, p = 0.202, 
η2 = 0.09).

The contralateral asymmetry in anthropometrics and propulsi-
ve force variables is presented in ▶Table 2. Non-significant diffe-
rences were noted for males and females in all variables, but in the 
dF for males (t =  − 2.66, p = 0.026, d = 0.66). Overall, both sexes pre-
sented mixed findings on the asymmetries, i. e., some variables 
were higher in the dominant upper limb and other variables in the 
non-dominant. Nonetheless, both male and female swimmers re-
vealed a symmetric profile, except male swimmers in dF.

▶Table 3 shows the fixed effects for the final model running the 
hierarchical linear modelling. The results suggest that males and 
females were significantly different at baseline but with no chan-
ges between sexes over time. This indicates that the model com-
puted is suitable for males and females. The swim velocity was pre-
dicted by the Fmean_cycle, dv and SF. A one-unit increase in the Fmean_

cycle and SF imposed an increase of 0.005 m · s − 1 (95CI: 0.001;0.009, 
p = 0.045) and 0.375 m · s − 1 (95CI: 0.105;0.645, p = 0.010) in the 
swim velocity, respectively. By contrast, a one-unit increase in the 
dv imposed a decrease of  − 0.002 m · s − 1 (95CI:  − 0.00004; − 0.0040, 
p = 0.011) in the swim velocity (▶Table 3).

Discussion
The main aims of this study were to: (1) verify a sex effect; (2) as-
sess upper limb asymmetry for the anthropometric and propulsive 
force variables; and (3) identify the main determinants of swim ve-
locity in the butterfly stroke based on a set of anthropometric, ki-
nematic, and propulsive force variables. Overall, a significant sex 

▶Table 1	 Descriptive statistics and sex effect for the anthropometric, kinematic, and thrust variables.

Mean ± SD Sex effect

Males Females F-ratio (p) η2

Arm_dominant [cm] 29.90 ± 0.74 27.20 ± 1.32 32.00 ( < 0.001) 0.64

Arm_non-dominant [cm] 29.50 ± 0.85 27.30 ± 1.25 21.14 ( < 0.001) 0.54

Forearm_dominant [cm] 26.40 ± 0.97 24.30 ± 0.48 37.80 ( < 0.001) 0.68

Forearm_non-dominant [cm] 26.00 ± 1.25 23.90 ± 1.20 14.76 (0.001) 0.45

HSA_dominant [cm2] 137.74 ± 10.37 109.34 ± 8.26 45.93 ( < 0.001) 0.72

HSA_non-dominant [cm2] 138.08 ± 10.86 108.32 ± 7.23 52.04 ( < 0.001) 0.74

Fmean_dominant [N] 32.59 ± 5.86 29.12 ± 6.32 1.63 (0.218) 0.08

Fmean_non-dominant [N] 31.95 ± 6.27 27.99 ± 4.57 4.67 (0.045) 0.22

Fpeak_dominant [N] 58.54 ± 8.42 48.77 ± 10.61 5.20 (0.035) 0.22

Fpeak_non-dominant [N] 60.79 ± 12.84 47.86 ± 8.86 9.03 (0.008) 0.35

dF_dominant [ %] 49.10 ± 9.40 42.07 ± 12.35 2.06 (0.169) 0.10

dF_non-dominant [ %] 55.30 ± 9.35 42.96 ± 19.95 2.91 (0.106) 0.15

Fmean_cycle [N] 32.27 ± 5.96 28.55 ± 5.25 4.01 (0.061) 0.19

dFcycle [N] 52.21 ± 8.62 42.52 ± 15.63 2.20 (0.158) 0.12

vmean [m · s − 1] 1.38 ± 0.09 1.24 ± 0.10 9.99 (0.005) 0.36

vpeak [m · s − 1] 2.25 ± 0.63 1.60 ± 0.10 10.32 (0.005) 0.37

dv [ %] 37.00 ± 23.78 18.74 ± 5.57 5.59 (0.029) 0.24

SF [Hz] 0.84 ± 0.04 0.88 ± 0.10 1.76 (0.202) 0.09

HSA, hand surface area; Fmean, mean thrust; Fpeak, peak thrust; dF, intra-cyclic variation of the thrust; vmean, mean swim velocity; vpeak, peak swim 
velocity; dv, intra-cyclic variation of the swim velocity; SF, stroke frequency; F-ratio, one-way ANOVA value; p, ANOVA’s significance value; η2, eta 
square (effect size index).



Morais J et al. Propulsive Force of Upper …  Int J Sports Med | © 2021. Thieme. All rights reserved.

effect was verified. Non-significant differences were noted between 
upper limbs in the anthropometric and propulsive force variables 
measured for boys and girls. Swim velocity in the butterfly stroke 
(both sexes) was determined by an interaction of propulsive force 
(Fmean_cycle) and kinematic variables (dv and SF).

Sex effect and inter-limb asymmetry
Overall, swimmers exhibit a sex effect. With the onset of puberty, 
young swimmers undergo different body changes leading to signifi-
cant differences between sexes in anthropometric features [27, 28]. 
Thus, these differences may also have an effect on swimmers’ signifi-
cant differences in the kinematics, such as the swim velocity [16]. Not-
withstanding, swimmers did not show a significant sex effect in the SF 
(kinematics) or in the propulsive force variables (▶Table 1). But male 
swimmers did show higher values than females. There is evidence of 
significant differences in SF between sexes in age-group swimmers 
performing the front crawl [16] and backstroke [28]. However, the li-
terature does not provide information on propulsive force and kine-
matic differences in the butterfly stroke in age-group swimmers. Even 
for adult/elite swimmers, there is no experimental evidence on this 
topic, since studies pooled males and females in one single sample 
[29–31]. One study reported the kinematics between males and fe-
males in the butterfly stroke [32]. Males and females did not show dif-
ferences in the SF (four males: mean SF = 0.82 Hz; three females: mean 
SF = 0.82 Hz). But differences were noted in v (four males: mean 
v = 1.59 m · s − 1; three females: mean v = 1.37 m · s − 1) [32]. Our data re-
vealed a similar trend for the same variables (▶Table 1).

Regarding propulsive force and v, it was noted that male swim-
mers presented higher values than their female counterparts in 

both variables [33]. This was also noted in the front crawl in a simi-
lar age group of swimmers for propulsive force [3] and v [34]. Until 
now, the literature did not provide any information about sex ef-
fect in the butterfly stroke in age-group swimmers. Swim accele-
ration can be integrated to compute the velocity as the balance of 
propulsive force and drag, taking into account the inertial term 
(body mass and added mass of water) [35]. It is well reported that 
adult/elite male swimmers are under more drag and reach faster 
velocities than their female counterparts [36]. Therefore, if male 
swimmers are under more resistance and yet can be faster, it means 
that, at least theoretically, they must produce greater propulsive 
force. At least in in front crawl swimming, young male swimmers 
displayed a significant positive correlation between arm muscle 
area and propulsive force [37].

Asymmetry in young athletes’ anthropometrics (i. e., differen-
ces in limb lengths) is a well-known phenomenon, especially in ath-
letes competing in unilateral sports (i. e., where the dominance of 
a limb prevails over the other) such as tennis [38]. However, the 
butterfly stroke is characterised by a simultaneous motion of the 
upper limbs, i. e., both limbs should present an equal or similar spa-
tial-temporal index [39]. Therefore, one can argue that differences 
between upper limb sizes could lead to propulsive force imbalan-
ces [13]. Our data showed non-significant differences between all 
anthropometric variables assessed in both sexes (▶Table 2). As 
both upper limbs are used simultaneously to produce propulsive 
force, swimmers who might present significant differences in an-
thropometric features could be considered to have a handicap in 
force production and hence swim velocity.

Information on the propulsive force that a swimmer produces 
while performing the arm pull provides substantial information on 
the effectiveness of their technique [40]. For all swim strokes, di-
rect propulsive force measurements are usually made by tethered 
swimming [3, 11]. Despite the limitations previously reported, the 
tethered method can be important in indicating whether the upper 
limb on one side of the body generates a different force than the 
other side [13]. However, this method does not allow for measu-
ring the propulsive force of each upper limb independently in the 
butterfly stroke and breast stroke to verify hypothetical asymme-
tries. Therefore, even in adult/elite butterfly swimmers, informati-
on on propulsive force imbalances is limited. Overall, our data re-
vealed non-significant contralateral differences for propulsive force 
variables in both sexes (i. e., symmetry). One study of young adult 
swimmers at the national level (butterfly and medley specialists) 

▶Table 2	 Inter-upper limb difference between dominant and non-dominant variables.

Dominant vs. 
non-dominant

Males Females

Mean difference (95CI) t-test (p) d Mean difference (95CI) t-test (p) d

Arm [cm] 0.40 ( − 0.10 to 0.90) 1.81 (0.104) 0.50  − 0.10 ( − 0.51 to 0.31)  − 0.56 (0.591) 0.08

Forearm [cm] 0.40 ( − 0.44 to 1.24) 1.08 (0.309) 0.36 0.40 ( − 0.29 to 1.09) 1.31 (0.223) 0.44

HSA [cm2]  − 0.34 ( − 1.98 to 1.29)  − 0.48 (0.646) 0.03 1.01 ( − 2.55 to 4.57) 0.64 (0.536) 0.13

Fmean [N] 0.65 ( − 0.99 to 2.89) 0.89 (0.395) 0.11 1.13 ( − 1.28 to 3.54) 1.06 (0.316) 0.20

Fpeak [N]  − 2.25 ( − 7.95 to 3.46)  − 0.89 (0.396) 0.21 0.91 ( − 6.94 to 8.77) 0.26 (0.798) 0.09

dF [ %]  − 6.20 ( − 11.48 to  − 0.92)  − 2.66 (0.026) 0.66  − 0.90 ( − 8.84 to 7.04)  − 0.26 (0.804) 0.05

95CI, 95 % confidence interval; d, Cohen’s d (effect size index); t-test, t-test value; p, significance value; HSA, hand surface area; Fmean, mean thrust; 
Fpeak, peak force; dF, intra-cyclic force variation; (-), non-dominant presents higher values.

▶Table 3	 Fixed effects of the final model computed with standard errors 
(SE) and 95 % confidence intervals (95CI).

Parameter 
Fixed Effect

Estimate (SE) 95CI p value

Intercept 0.896 (0.154) 0.594 to 1.198  < 0.001

Sex 0.191 (0.039) 0.114 to 0.267  < 0.001

Fmean_cycle 0.005 (0.002) 0.001 to 0.009 0.045

dv  − 0.002 (0.001)  − 0.00004 to  − 0.0040 0.011

SF 0.375 (0.138) 0.105 to 0.645 0.010

Fmean_cycle, mean thrust of both upper limbs; dv, intra-cyclic variation 
of swim velocity; SF, stroke frequency.
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revealed a symmetry index of 8.90 ± 9.70 % (i. e., non-significant 
differences) for mean propulsive force (higher in the dominant 
upper limb) [30]. It can be suggested that this symmetry profile in 
upper-limb propulsive force is a major factor in helping swimmers 
to maintain swimming direction (i. e., yaw) [41]. A significant dif-
ference was observed only for the dF in males (▶Table 2). The dF 
is the intra-cyclic variation of the propulsive force around the mean 
value (i. e., the coefficient of variation). A trend for a trivial change 
in Fmean and Fpeak was noted. Consequently, compounding the Fmean 
and Fpeak differences, the dF yielded a significant and moderate-lar-
ge effect.

Swim velocity
Although a significant sex effect was verified at baseline, this was 
not maintained over time (sex × time interaction). This means that 
sexes did not differ over time, and hence the swim velocity model 
retained the same predictors. Hierarchical linear modelling re-
vealed that swim velocity was determined by an interaction of va-
riables (Fmean_cycle, SF, and dv), as in other swim strokes [9, 28]. The 
Fmean_cycle (propulsive force) was entered in the final model, where 
an increase in one unit of the Fmean_cycle increased the swim veloci-
ty by 0.005 m · s − 1 (▶Table 3). However, the relationship between 
propulsive force and swim velocity it is not clearly identified in the 
literature by experimental studies. Studies on the butterfly stroke, 
especially on the relationship between propulsive force and swim 
velocity, are extremely limited. Only one experimental study re-
ported that the mean in-water force production during the arm 
pull was a significant predictor of swim velocity in the butterfly stro-
ke [10]. Nonetheless, Schleihauf et al. [31] indicated that high pro-
pulsive forces were related to high swim velocity, and that the ups-
weep action was where the highest propulsive force was achieved. 
Moreover, elite swimmers improve propulsive actions based on the 
time dedicated to the coordination of the upper and lower limbs, 
and hence swim velocity increases [42].

The SF was the highest contributor to swim velocity (▶Table 3). 
As in other swim strokes, it seems that whenever swimmers want 
to increase their swim velocity, they increase their SF [43]. In elite 
[43] and international level butterfly swimmers [8], it was noted 
that swimmers increased their SF to reach higher velocities but with 
a decrease in stroke length. This could be related to the short 
amount of time that swimmers spent during the arm pull, i. e., fast 
SF leads to higher propulsive force, hence increasing swim velocity 
[44]. The dv presented a negative and significant relationship with 
swim velocity (▶Table 3). It was shown that for butterfly swimmers, 
large variations of the dv were related to poorer performance [15]. 
One can argue that this negative effect of the dv might be related 
to the swimmer’s hydrodynamic profile while performing the but-
terfly arm pulls [7]. This swim stroke is characterised by a large va-
riation of frontal surface area, which can negatively affect the swim-
mers’ hydrodynamics and consequently their swim velocity [45]. 
Indeed, it was noted that wave characteristics in international 
swimmers was lower in terms of motion variability than in regional 
swimmers, enhancing the importance of technique in butterfly 
stroke [46]. Therefore, swimmers and coaches should be aware 
that excessive undulatory movements may meaningfully increase 
the frontal surface area and consequently reduce their hydrodyna-

mics. This could have a direct effect on the dv increase and hence 
the decrease in swim velocity.

Swimming velocity in the butterfly stroke was characterised by 
an interaction of determinant factors related to kinematics and 
propulsive force. The literature does not provide clear information 
on the effect of propulsive force in swim velocity. Our data shows 
that swimmers should increase the propulsive force of both upper 
limbs and SF and decrease the dv in order to increase butterfly swim 
velocity. Although anthropometric variables did not enter into the 
final model (direct effect), such variables could play an intermedi-
ate role. Indeed, variables related to body dimensions play an im-
portant role on swimming velocity during periods of growth [47]. 
At least for the front-crawl arm pull, it was noted that anthropome-
trics had a positive and significant effect on the swimmer’s propul-
sive force and consequently on swim velocity [20]. Overall, non-si-
gnificant differences were verified (namely for the Fmean_cycle that 
entered in the final model) between the upper limbs in both sexes, 
indicating a symmetric profile. Indeed, in symmetrical and simul-
taneous swim strokes (like the butterfly) swimmers and coaches 
should seek to minimize asymmetries between the upper limbs 
while producing propulsive force in order to potentiate their dis-
placement.

The main limitation of this swim velocity model is that it is sui-
table only for this age group of swimmers. Future studies on pro-
pulsive force in the butterfly stroke are suggested to better under-
stand the force-time curve of each upper limb in both sexes. As 
shown in ▶Figure 1, although the dominant upper limb presented 
higher (but not significant) values of Fmean_cycle than the non-domi-
nant, there were moments when the latter was higher. Thus, simi-
lar studies are recommended to not only measure the Fmean_cycle 
but also the propulsive force in each key phase of the butterfly arm 
pull. Moreover, this age group of swimmers revealed an insweep 
phase during the arm pull. By contrast, adult swimmers at the na-
tional level used a straight arm pull (i. e., without any insweep), 
hence presenting meaningfully higher values of propulsive force 
[30]. Therefore, studies should be conducted to better understand 
which type of arm pull leads to higher propulsive force (and conse-
quently faster swim velocity) in this age group of swimmers.

Conclusions
In conclusion, young butterfly swimmers exhibit an overall sex ef-
fect on anthropometric, kinematic, and propulsive force variables. 
Overall, non-significant differences between upper limbs were 
noted for the variables selected. Nonetheless, the majority of vari-
ables assessed presented higher values in the dominant upper limb 
for males and females. Swim velocity (both sexes) was determined 
by propulsive force, SF, and dv. This shows that young swimmer’s 
velocity in the butterfly stroke depends on an interaction of pro-
pulsive force and kinematic variables (SF and dv).
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