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Swimming is an individual and cyclic sport that is influenced by a multifactorial group of determinants, from which the

biomechanical and energetical factors seem to be the most relevant. Swimming performance is determined by swimmers

energetic profile, which is influenced by theirs biomechanical behaviour that, in turn, is affected by individuals

anthropometric characteristics. This is known for adult and/or elite swimmers but it cannot be directly applied to younger

counterparts since children and adolescents are not mini adults but individuals with specific characteristics and

constraints. Anthropometric variables seem to be important for performance, particularly during growth, and there is a

need for further study on this topic. 

Keywords: biomechanics ; butterfly ; backstroke ; breaststroke

1. Introduction

As swimming velocity equals the product of stroke frequency (number of upper limbs cycles per unit of time) and stroke

length (space travelled during a complete upper limbs cycle and is assessed by the velocity vs. stroke frequency ratio ),

better understanding of the basic kinematical parameters behaviour and its relationship with velocity has been a major

point of interest . Another variable often explored is the stroke index (obtained by the product of stroke length and

velocity) that is considered a valid indicator of swimming efficiency in adult  and young swimmers . It is assumed that

for a given velocity, swimmers moving at a higher stroke length have the most effective swimming technique and

describes their ability to move at a given velocity with a lower stroke frequency .

Velocity increase or decrease happens due to a combined rise or reduction in stroke frequency and stroke length .

This relationship can be influenced by several variables, among which the anthropometric characteristics, with somatic

attributes being largely inherited and determining swimming technique to a highest degree . However, due to the

growing process, young and adolescent individuals anthropometrical changes strongly influence these technical indexes

and, consequently, performance . It should be considered that anthropometric characteristics, among other factors

that may influence the relationship between stroke frequency and stroke length (and affect swimming velocity), are related

to stroke frequency and, more importantly, to stroke length in children . This clearly demonstrates that

anthropometric and biomechanical variables are associated and should be considered during young and adolescent

swimmers performance monitoring.

2. Anthropometrics of Adolescent Swimmers Influence Stroking
Parameters

Arm span was one of the variables that was positively related to performance in all four swimming techniques and in

individual medley. However, findings demonstrate the importance of having shorter forearm length for better butterfly,

backstroke and breaststroke performances . Longer extremities allow the swimmer to perform fewer upper limbs

cycles for the same distance  and helps to achieve a higher moment of force (propulsive and resistive) in a single

upper limb cycle. In addition, swimmers that have long body segments develop a greater propulsive force as opposed to

resistive forces to advancement . On the other hand, longer lever lengths (like the forearm length) could also be

mechanically disadvantageous since the involved muscles have to exert greater force and energy when the same drag is

associated to a longer lever arm length.

A consistent positive relationship with height and front crawl was found. This could be explained by the fact that a longer

body has more streamline properties since the zone of boundary layer separation may be relatively more caudal due to

slenderness effect on the Reynolds number, which generates a smaller wake and a reduced wave compared to smaller

bodies . On the other hand, the lack of relationship between height and performance can be explained by the fact that
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the advantage of longer levers was mainly limb-specific rather than a more general whole-body advantage  or/and that

if muscle mass does not follow a body height increase, the increase in the length is not of great benefit to the swimmer as

he is not able to use height (longer levers) to achieve a higher moment of force.

Biacromial and bi-iliac breadths were variables related to performance in all four techniques (r = 0.4–0.7). When a body

moves in the liquid environment, a stagnation of flow occurs at its anterior extremity and the pressure drag a swimmer is

subjected to is higher at those regions. These occur mainly around the body where there are sudden changes in shape,

such as the shoulders, hips and knees . A swimmer with high biacromial breadth values (broad shoulders) and low bi-

iliac breadths values (narrow hips) will have a lower drag coefficient , as the human body adopts a more hydrodynamic

position the closer it is to the form of a drop of water . It was observed that bi-iliac breadths made a positive correlation

with performance, which is probably because swimmers with wide shoulders will have a hip proportional to their size, i.e.,

high values of bi-iliac breadths. Thus, since high bi-iliac breadths values can mean also high biacromial breadth values,

the biacromial/bi-iliac diameter index suggested by Clarys  should be taken into consideration.

The arm span/height index suggests a hydrodynamic advantage since it is achieved through high values of biacromial

diameter and upper limb length in detriment of torso and lower limbs lengths . Conversely, sitting height made a

positive effect in backstroke and front crawl technique performance (r value: 0.5 to 0.7). Since the height of a swimmer is

proportional to torso values, the taller a swimmer is, the higher sitting height values are. Thus, the relationship between

sitting height and performance can be explained by the fact that swimmers with longer torso values are also taller. In this

way, taller swimmers show a decrease in the Froude number and in wave-making resistance, which allows them to cut the

water with less resistance and their long bodies give them an automatic edge .

Advantages in having greater hand width, hand and foot surface areas and lengths for breaststroke, front crawl

performance and 200 m medley were reported among studies. Additionally, a positive relationship between hand surface

area and front crawl thrust was observed . Upper body and arm lengths also presented a positive association with

breaststroke performance, and upper and lower limbs and thigh lengths with front crawl performance (r = 0.2–0.7). These

could be mainly due to propulsive force and, hence, swimming performance being positively affected by higher propulsive

surface areas. This may increase hydrodynamic lift force to propel the swimmer through the water and allow him to

perform fewer upper limbs cycles for the same distance .

Having greater limb segment-length ratios (arm length ratio = forearm length/arm length; foot by leg ratio = foot length/leg

length) seems to be an advantage for front crawl performance . The negative association between leg and performance

may be explained by the fact that longer legs in swimming may alter the flotation of the swimmer, potentially resulting in a

sinking of the lower limbs. An increase in the downward inclination of the legs would increase pressure drag, due to an

increase in immerged body surface and cross-sectional area of the body of the swimmer and increasing the energy cost

of swimming. A greater foot-to-leg ratio, with a greater foot size and a shorter leg length to reduce the downward

inclination of longer legs may reduce drag. Conversely, results illustrated that leg length made a positive contribution to

backstroke and breaststroke performance .

Body mass was one of the common anthropometrics studied in front crawl technique and associations were only found in

this swimming technique as well as in the 200 m individual medley (r = 0.3–0.9). In athletes, body mass can be an

indicator of the active muscle mass. Consequently, an increase of body mass may be related to a higher muscle mass.

However, an increase in body mass can also be an indicator of high values of body fat mass. Muscle mass can represent

body strength of the swimmer; if these values are low, a decrease in swimming performance may be expected. It should

be considered that body mass does not identify and represent lean body mass or body fat mass proportions and so, for a

more detailed evaluation, these variables should be measured independently.

Moreover, fat mass was the only whole body-size characteristic negatively associated with all four techniques velocity 

. The disadvantage of having higher fat mass suggests that swimmers require greater lean body mass and greater

muscle strength to propel themselves faster through the water. In parallel, higher fat mass may impose increased values

of body cross-sectional area and, consequently, total drag. Regarding more detailed body composition variables, it seems

that total sum of skinfolds  and biceps skinfold  compromised front crawl performance. Skinfolds measures are

used to assess the skinfold thickness, so that a prediction of the total amount of body fat of the swimmer can be made.

Therefore, skinfold measurements reflect adiposity values. Swimmers with a more developed muscular system, have

lower skinfold values and, therefore, may have better performances, which can explain the fact that skinfolds impaired

performance.

Lean body mass was only related to performance in 200 m breaststroke and in front crawl techniques . A larger

lean body mass and, thus, a greater muscle mass, could positively influence biomechanical values by enhancing the force

applied in each upper limbs cycle and the capacity to maintain good SI under exhaustion conditions . Positive
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associations between biceps circumference in contraction with breaststroke and front crawl performance were also found

. This variable is related to muscle mass, thus the higher it is the higher may be the strength of the upper limbs and,

possibly, propulsion generation.

Associations between arm relaxed and forearm girths and performance were found for all four techniques, in which

swimming speed was negatively influenced by arm relaxed girth . The arm girth ratio (forearm girth/relaxed arm girth)

was possibly reflecting a measure of muscle strength. Similarly, findings demonstrated that an increase in forearm girth

improves breaststroke swimming performance and that having a greater wrist girth impairs performance . A possible

explanation can be that a large wrist girth would increase hydrodynamic drag, therefore increasing the energy cost of

swimming, and a greater forearm girth seems to generate higher propulsive force and consequently an easier propulsion

through water. In addition, an advantage of having greater calf girth and lower values of ankle girth was reported for

butterfly swimming . The ratio calf girth/ankle girth seems to reflect the greater muscle strength in the legs

associated with faster butterfly swimmers.

Moreover, it was mentioned that chest circumference negatively influenced the 100 m front crawl male performance .

Swimming velocity is determined by the propulsive force and the hydrodynamic drag force. There are certain resistive

segments which should preferably be of small dimensions (e.g., chest circumference). These segments should present

the referred characteristics because the hydrodynamic lift drag forces depend on the cross-sectional area of the

swimmer’s body considering the direction of its displacement. Chest circumference seems to represent part of body cross-

sectional area of the swimmer meaning that an increased chest circumference may increase drag values of the swimmer,

which may impair performance.

Only six studies investigated associations between upper limbs action and anthropometrical variables, and all of them

only focused on the front crawl technique. An advantage in having a greater arm span and height for higher values of

stroke length and SI were reported . Likewise, body mass and lean body mass were positively associated

with stroke length and stroke index . Stroke length and stroke index were also positively related to upper and

lower limb lengths in all distances (100, 200 and 400 m) .

There is a consistent association between arm span, height, upper and lower limb lengths and stroke length. It seems that

swimmers with the highest height have higher arm span and surface areas as well. Once the linear distance covered per

revolution by a given landmark during angular motion is a function of the angular displacement and its linear distance to

the fulcrum, in swimmers, longer extremities allow them to perform fewer upper limbs cycles for the same distance .

In addition, these surface areas, when properly oriented, induce an increase in propulsive forces. By consequence, such

swimmers can achieve a higher stroke length and consequently a higher velocity . A few studies also found an

association between body mass, lean body mass and upper limbs cycle-related parameters, being observed that arm

muscle area and lean body mass were positively associated with arm propulsive force (tethered swimming) in front crawl

.

3. Conclusions

Anthropometric variables seem to be important for performance, particularly during growth, and there is a need for further

study on this topic. For the front crawl technique, there seems to be a consensus among studies on the advantage of

having higher values of height and arm span. Associations between anthropometrical characteristics and upper limbs

cycle parameters were only found in front crawl. Stroke length and stroke index seem to benefit from higher values of

height and arm span. In addition, higher values of body mass and lean body mass also appear to improve these upper

limbs action variables.
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