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Featured Application: Different BIVA modalities create new opportunities to improve the study
of body composition in athletes and their sport performance.

Abstract: Body composition (BC) determines strength, power, and agility in sports such as rugby.
Not only is the study of morphology and BC essential to establish player positions, but it also allows
the optimisation of competitive performance. The aim of this study was to analyse different BC
models (anthropometry and bioelectrical impedance analysis (BIA)) in a female rugby team. Their
somatotype was also compared with a bioelectrical impedance vector analysis (BIVA) graph. A
cross-sectional study was carried out on 19 women (8 forwards and 11 backs). Anthropometric and
BIA (50 kHz, tetrapolar electrode configuration) measurements were taken using standard protocols
and BC was estimated. Somatotype was calculated using the Heath–Carter method. Classic and
specific BIVA were applied. Student’s t, Mann–Whitney, or Chi-squared tests were used for variable
comparisons. Agreement was determined via intraclass coefficient correlations. Forwards showed a
higher BMI and fat mass, but there were no differences in skeletal muscle masses. Most of the players
were of an endomorphic mesomorph somatotype. Specific BIVA, but not classic BIVA, detected
BC differences according to player position. Moreover, an individual’s interpretation of BIVA was
consistent with their somatotype. In a female rugby team, BC and morphology are different according
to position. This was detected in both the somatotype and specific BIVA. The application of BIVA
(classic and specific) may yet prove to be a very useful strategy for the study of BC in sports.

Keywords: anthropometry; bioimpedance analysis (BIA); bioelectrical impedance vector analysis
(BIVA); female rugby players; somatotype

1. Introduction

Rugby is a field-based team sport that requires qualities such as endurance, speed,
agility, power, and flexibility [1–3]. Similar to other team sports, some of a player’s abilities
will predominate depending on their position in the field. Thus, in rugby players, it is
essential to establish their positions as accurately as possible and design training strate-
gies to optimise a player’s competitive performance. Currently, body composition (BC)
is considered a determinant of athletic performance [4]. Therefore, a BC assessment, in
addition to anthropometric characteristics and somatotype, helps to (1) select the athlete,
(2) determine their playing position, and (3) optimise both the personal and team perfor-
mance [1–3]. Over the last few years, the number of studies on athletes’ anthropometric
characteristics, BC, and somatotype has increased. Moreover, specific profiles have been
proposed as reference models for many sports [5]. However, there are few studies focused
on rugby, especially female rugby.

Body composition can be determined at different levels and by applying various
models and methods [6]. Firstly, an assessment settling a level and a model is recommended,
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and then one can estimate each body component by using the corresponding reference
technique [7,8]. Reference techniques are expensive, require a qualified technician, present
potential side effects, and are not suitable for use in “on-site work”. Thus, daily sport
practice requires simple, fast, inexpensive, non-invasive, and accurate methods for the
study of BC.

The most widely used method for BC assessment in sport is anthropometry [9]. Al-
though this technique is commonly accepted in sports, it has low precision and requires
a certain measurement time and a well-trained anthropometrist. Moreover, it does not
detect changes in both BC and the hydration state on a short-term basis (before and after
competition, during a sport season, etc.) [10]. It has been demonstrated that using specific
predictive equations for athletes increases the accuracy of this method [11]. Additionally,
this technique allows the identification of the athlete’s morphological conformation using
the somatotype calculated by the Heath–Carter method [12].

Bioelectrical impedance analysis (BIA) is a fast, safe, accurate, and non-invasive
indirect technique for estimating BC, and its use is increasing in both clinical and sport
practice. This method determines the opposition of a tissue to an alternating current
with very low intensity and a specific frequency [13]. Single-frequency BIA (SF-BIA)
or conventional BIA at 50 kHz is the most used modality of BIA for BC assessment. It
presupposes (1) a two-compartment model of BC; (2) non-hydration alterations [14–16];
and (3) as in anthropometry, the use of predictive equations is required to quantify body
volumes (fat free mass (FFM) and total body water (TBW)). These predictive models
should be developed in a similar population to the studied one (in terms of sex, age, race,
physiological situation, pathology, etc.). Nowadays, the study of raw electrical values of BIA
at 50 kHz, such as the bioelectrical impedance vector analysis (BIVA) [17] and phase angle
(PA) (quantified as the arctangent of reactance (Xc)/resistance (R)), has been encouraged to
avoid a dependency on mathematical models to quantify body volumes [15,18].

The BIVA (classic BIVA) is a semiquantitative analysis method that also allows the
determination of changes in body fluids, hydration status, and body cell mass. It is based
on the analysis of the impedance vectors, normalised to standing height (R/H and Xc/H).
These vectors are represented in an RXc graph (in terms of age, race, and sex), which is made
up of three concentric ellipses corresponding to the 50th, 75th, and 95th percentiles of the
normal distribution of the values of the reference population (tolerance ellipses) [19]. Vector
displacements parallel to the major axis of tolerance ellipses indicate changes in hydration
status, dehydration with long vectors, and hyperhydration with short vectors, while vector
displacements parallel to the short axis indicate changes in body cell mass and in the
relationship between extracellular water (ECW)/intracellular water (ICW) [18,19]. The
classic BIVA does not make assumptions about body compartments, body mass, geometry,
or hydration, nor is it subject to the error sources of other modalities of BIA.

Recently, a new variation of BIVA has been developed that adjusts the individual
values of R and Xc for cross-sectional areas to reduce the effect of body dimensions: the
specific BIVA (BIVA-sp) [20]. In BIVA-sp, vector displacements parallel to the major
axis of tolerance ellipses indicate changes in FM% (higher FM% with larger vectors); the
interpretation of vector displacements parallel to the short axis (changes in PA) is the
same as in the classic BIVA [21]. This method has demonstrated higher precision in FM%
estimation and the ECW/ICW relationship than the classic BIVA in adults [20] and elderly
adults [22].

Many studies on the application of different BIA modalities to monitor BC and hydra-
tion in sports have recently been published [23–25]. Given that the bioelectrical behaviour
of athletes differs from the general population, specific models for BC estimation and
reference tolerance ellipses have been created for them. Moreover, depending on the
sport, differences in BIVA patterns between athletes have been found, which some authors
suggest could be explained by the differences in their somatotype [26].

Considering that rugby players present important differences in BC according to
player position [1], the BIVA (both classic and specific) could be useful for the monitoring
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of BC. Although BIA has proven to be a useful and fast technique, anthropometry is still
the most used method for BC studies due to its affordability.

Therefore, the aim of this study was to analyse different models, based on both
anthropometry and BIA, for the study of BC in a female semi-professional rugby team
of the Spanish National Rugby League. Players´ somatotypes and positions in the BIVA
graph were also compared.

2. Materials and Methods

A cross-sectional observational study was carried out on a sample of 19 women from
a rugby team of the sub-elite Spanish National Rugby League. Athletes were studied as a
total sample and classified by the player’s position: forwards (n = 8) and backs (n = 11). The
study was conducted according to the guidelines of the Declaration of Helsinki. Written
informed consent was obtained from all volunteers that participated in the study. Approval
was acquired from the Clinical Research Ethics Committee (CEIC) of Valladolid-East Health
Area (protocol code: PI 16-512).

Anthropometric measurements were taken according to standard procedures of the
International Society for the Advancement of Kinanthropometry (ISAK) [27]. An electronic
scale and a stadiometer SECA (Hamburg, Germany) were used for body mass (kg; preci-
sion: 100 g) and height measurements (m; precision: 0.1 cm). Body circumferences were
determined with a flexible and non-extendible steel tape (to the nearest 1 cm). Skinfolds
thicknesses (tricipital, bicipital, abdominal, suprailiac, subscapular, supraspinale, front
thigh, and calf) were measured using a Holtain (Crymmych, UK) skinfold calliper (pre-
cision: 0.2 mm). Somatotype was calculated by the Heath–Carter method [12]. BMI was
calculated and it was catalogued applying the cut-off points of the WHO [28]. Based on the
Spanish Sports Medicine (Federación Española de Medicina del Deporte) guidelines [9],
the equations applied to estimate BC components were (1) fat mass percentage (FM%)
using the Yuhasz and Carter model [29], (2) bone mass (kg) using the Rocha model [30],
(3) residual mass (kg) using the Würch model [31], and (4) skeletal muscle mass (SMM, kg)
using the Lee model [32]. Reference values for national sport populations were used to
analyse anthropometric and BC results [33].

Whole body BIA was conducted in the mono-frequency mode (at 50 kHz, 400 µARMS)
using a tetrapolar electrode configuration, with a BIA 101 AKERN-Srl bioimpedance
measuring device (Florence, Italy). Measurement errors of the system, determined with a
precision resistor and capacitor, were <1% for R and <2% for capacitance. R and Xc were
measured using a standard protocol [34] and specific procedures for athletes [24]. FFM (kg)
was estimated using the BIA equation developed by Matias et al. for athletes [35]. Fat mass
(FM, kg) was calculated as the difference between body mass and FFM. SMM (kg) was
calculated by Janssen et al.’s formula [36].

For the classic BIVA, the components of the impedance vector (R and Xc) were stan-
dardised by the heights of the subjects (R/H (ohm/m) and Xc/H (ohm/m), respectively)
and were represented on an R-Xc graph (abscissa axis: R/H; ordinate axis: Xc/H). The
PA (degrees) was calculated as arc tangent (Xc/R). Individual impedance vectors were
compared with the vector distribution from Campa et al.’s reference sports population
(tolerance ellipses at 50%, 75%, and 95%) [37]. For the BIVA-sp approach, R and Xc were
corrected by multiplying by A/L (Rsp and Xcsp), where A is the cross-sectional area (m2)
estimated as 0.45 upper arm area + 0.10 waist area + 0.45 calf area, and L is the height
multiplied by 1.1 (m). The segment areas were calculated as C2/4π, where C (m) is the
circumference of the upper arm, waist, or calf. The length of the vector (Zsp) was calculated
as (Rsp2 + Xcsp2)0.5. Specific values were rescaled by a factor of 100 [20]. Individual
specific impedance vectors were compared with the vector distribution from the reference
sports population (tolerance ellipses at 50%, 75%, and 95%) [38]. Finally, to compare the
subgroups, the 95% confidence ellipses for mean vectors of the groups (classic and specific
BIVA) were drawn.
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Variables were described as means (SD) or medians (25th–75th percentiles). The nor-
mality of the distribution of the variables was checked by the Kolmogorov–Smirnov or
the Shapiro–Wilk tests. Either Student t or Mann–Whitney U tests were used for pair-
wise comparisons. The categorical variables were compared using a Chi-squared test.
Agreement was determined by the intraclass coefficient correlation (ICC) (95% CI). Vector
analyses were performed with BIVA software developed and provided by A. Piccoli, BIVA
Programs, 2002 release [39]. Statistically significant differences between the mean vectors
were assessed with the Hotelling’s T2 test for vector analysis, and distance between groups
was assessed with the Mahalanobis distance. Significance was reached at p < 0.05. The
statistical analysis was performed using IBM SPSS Statistics 20.0 for Windows software.

3. Results

The sample was formed by 19 women with an average age of 24.7 years (SD: 5.9; range:
15.2 to 37.4). Considering the players positions in the field, eight subjects were forwards
and eleven were backs. The mean BMI of the athletes was 26.03 kg/m2 (6.2) and was
statistically significantly higher for the forwards (31.14 kg/m2 (6.1)) compared to the backs
(22.32 kg/m2 (2.7)) (p = 0.004). The BMI cut-off points of the WHO show that one player
(back) was underweight, ten were normal weight (one forward and nine backs), four were
overweight (three forwards and one back), and four forwards presented obesity. There
were statistically significant differences between forwards and backs (p = 0.007).

Table 1 shows the anthropometric characteristics and BC measurements. Forwards
presented a statistically significant higher FM and residual mass versus the backs. No
statistically significant differences in SMM nor in bone mass were found.

Table 1. Anthropometric characteristics and BC measurements of rugby players (total sample and
player’s position).

Variables
Total Sample

(n = 19)
Player’s Position

Forwards (n = 8) Backs (n = 11)

Height (cm) 165.5 (7.8) 161.9 (9.1) 168.2 (5.7)
Body mass (kg) 71.1 (17.0) 82.2 (20.6) 63.0 (7.3) *

FM% 24.2 (8.3) 30.7 (7.5) 19.4 (5.1) *
FM (kg) 18.2 (10.3) 26.1 (11.0) 12.5 (4.7) *
BM (kg) 9.5 (1.4) 9.9 (1.8) 9.2 (0.9)
RM (kg) 14.9 (3.6) 17.2 (4.3) 13.2 (1.5) *

SMM Lee (kg) 25.2 (4.0) 27.3 (5.1) 23.7 (2.1)
SMM% Lee 36.0 (3.5) 33.8 (3.6) 37.7 (2.3) *

FM: fat mass; BM: bone mass; RM: residual mass; SMM: skeletal muscle mass. * p < 0.05.

The FM% obtained by BIA was 26.5% (2.8): 28.7% (1.9) for forwards and 24.8% (2.1)
for backs. This difference was statistically significant (p = 0.001). The SMM estimated for
the total sample was 24.14 kg (9.5): 24.8 kg (3.9) for forwards and 23.7 kg (2.5) for backs.
This difference was not statistically significant (p = 0.447).

The agreement between BC estimation models, BIA and anthropometry, was also
analysed. The results showed a moderate ICC for BIA-FM% (Matias et al.’s equation)
and anthropometry-FM% (Yuhasz and Carter’s equation) (ICC 0.626 (CI 95%: 0.028–0.856;
p = 0.022)). Agreement between SMM estimation models was excellent, with an ICC of 0.899
(CI 95%: 0.737–0.961; p < 0.001) by using the Janssen (BIA) and Lee (anthropometry) models.

Somatotype components for the total sample and players´ position are presented in
Table 2. There were statistically significant differences between forward and back players
for the values of ectomorphy, mesomorphy, and endomorphy.

Endomorphy and mesomophy values of forwards were much higher than the refer-
ence for Spanish rugby players [33]; however, the ectomorphy value was notably smaller.
Endomorphy and ectomorphy values of backs were higher than the reference values, but
the mesomorph component was lower.
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Table 2. Somatotype characteristics of rugby players (total sample and player’s position).

Somatotype Components Total Sample
(n = 19)

Player’s Position
Forwards (n = 8) Backs (n = 11)

Endomorphy 5.48 (1.89) 7.10 (1.35) 4.30 (1.24) *
Mesomorphy 5.29 (2.27) 7.21 (1.87) 3.89 (1.30) *
Ectomorphy 1.62 (1.39) 0.41 (0.36) 2.50 (1.17) *

* p < 0.05.

Figure 1 represents somatochart of the players. Figure 1a displays the total sample
and the player´s position subgroups (forwards: blue dot and backs: orange dot). The total
sample somatotype was catalogued as mesomorph endomorph, although there were major
differences between somatotype components values of forwards and backs. Figure 1b
shows the somatochart for each individual player.
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Figure 1. Rugby players somatochart. (a) Total sample (grey dot), forwards (blue dot), and backs
(orange dot); (b) Individual somatochart of the players.

Table 3 shows the raw electrical values from BIA. There were statistically significant
differences between subgroups for the values of R, Z, PA, and the BIVA standardised
variables for height and transverse areas (specific BIVA): Rsp, Xcsp, and Zsp.

Table 3. Bioelectrical values of rugby players (total sample and player’s position).

Electrical Values Total Sample (n = 19) Players’ Position
Forwards (n = 8) Backs (n = 11)

R (Ohm) 536.7 (64.5) 498.4 (53.4) 564.6 (58.7) *
Xc (Ohm) 65.2 (7.7) 63.5 (7.4) 66.4 (8.1)
Z (Ohm) 540.7 (64.7) 502.4 (53.8) 568.5 (59.0) *

PA (◦) 6.95 (0.59) 7.26 (0.40) 6.73 (0.61) *

R/H (Ohm/m) 324.9 (40.8) 309.2 (41.4) 336.2 (38.2)
Xc/H (Ohm/m) 39.5 (5.2) 39.4 (5.5) 39.6 (5.3)
Z/H (Ohm/m) 327.3 (41.0) 311.7 (41.7) 338.6 (38.4)

Rsp (Ohm m) 398.2 (71.2) 458.9 (64.1) 354.2 (34.1) *
Xcsp (Ohm m) 48.8 (10.6) 58.4 (8.0) 41.8 (5.6) *
Zsp (Ohm m) 401.2 (71.9) 462.6 (64.5) 356.6 (34.4) *

R: resistance; Xc: reactance; Z: impedance (vector length); PA: phase angle; H: height; Rsp: specific resistance;
Xcsp: specific reactance; Zsp: specific vector length. * p < 0.05.

The classic BIVA study showed an impedance individual vector distribution in the
tolerance ellipses similar to the reference sports population (Figure 2).

Figure 3 shows the specific BIVA analysis. Some players are placed out of ellipses at
75% and even at 95% when the impedance individual vectors distribution in the tolerance
ellipses for sports populations are performed.
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Classic BIVA confidence ellipses did not show statistically significant differences in
the mean impedance individual vector distribution between forwards and backs (p = 0.209)
(Figure 4a). However, specific BIVA confidence ellipses showed statistically significant
differences between both groups (p < 0.001) (Figure 4b).
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4. Discussion

The present study analysed the morphological characteristics and BC of a female
sub-elite rugby team by two methods: anthropometry and BIA. Body mass and BC in
rugby are directly related to the physical abilities of the players and their position in
the field [2]. In this way, back players perform a greater amount of high speed running,
involving a high heart rate, while forward players execute more medium speed running
and moments with maximal demands of power and strength [40]. Given these physical
demands, rugby players usually have a higher body mass and muscle mass than athletes
of other sports such as soccer or hockey [2,41]. In the present study, statistically significant
differences in body mass, BMI, and FM% were found depending on each player’s position;
the forwards presented higher values of these variables than the backs (Tables 1 and 2).
These results are similar to other studies conducted on rugby players [1,42–45]. In forward
players, a higher body mass and muscle mass give them more momentum and strength
when making contact, more ability to soften the impacts, and more power in scrums or
rucks [1,3]. Similarly, backs’ characteristics make them faster, more agile, and with greater
relative strength than forwards, which allows them to better perform their functions on
the field [46]. The BC characteristics of the Spanish sub-elite rugby players studied are
very similar in BMI and FM% to other elite female rugby teams from South Africa [47] and
England [46,48], despite the fact that the FM% of the Spaniards were lower.

In terms of somatotype, both backs and forwards were classified as mesomorph endo-
morph, with the endomorphy and mesomorphy components equally dominant for each
position. Endomorphy represents relative adiposity, mesomorphy represents musculoskele-
tal robustness, and ectomorphy represents the relative linearity of the human body [12].
Although all the studied players were classified under the same terminology, statistically
significant differences were found between positions, i.e., forwards vs. backs. These results
agree with other studies conducted in Spanish rugby players; forwards were represented
on the somatotype chart as endo-mesomorphic [45] or meso-endomorphs [49], and backs
as mesomorphic–endomorphic [45] or balanced endomorphs [49].

In the present study, agreement between anthropometry and BIA for FM estimation
by using predictive equations developed in athletes was moderate (ICC = 0.626; CI 95%:
0.028–0.856). The anthropometric Yuhasz equation is widely applied to athletes and several
studies have proven its reliability [9]. However, rugby players present a very different
BC than other athletes, having a higher FM% and a distribution of FM not exclusively
or mostly at subcutaneous level, but widespread through other parts of the body [2].
Taking into account that the Yuhasz model is based on the summatory of six skinfolds,
it could not estimate accurately the BC of ruby players. Considering the BIA, the need
for further development of BIA equations for athletes from different sports has become
apparent [24,35]; thus, we selected the equation of Matias et al. because it is the only one
specific for sports populations [35]. This predictive model was developed and validated in
an athlete sample of 142 subjects (105 males and 37 females) from various individual and
team sports, including rugby. Ramos et al. recently analysed BC in a group of both male
and female rugby players [45]. This study regarded anthropometry to be better than BIA
for BC estimation. However, the authors used the BC values provided by the commercial
BIA device, even though this is not recommended due to the lack of information offered
about the equation applied [13,24,50,51]. This is possibly the reason why Ramos Álvarez
et al. demonstrated a reduced agreement due to the use of an inadequate equation for their
population rather than the inaccuracy of the method [45].

Conventional BIA requires mathematical models to estimate body compartments [15],
which has promoted the development of the BIVA modality and the interpretation of raw
electrical variables, such as PA, to avoid this dependency. This modality does not assume
considerations about body compartments, mass, geometry, or hydration, nor it is subjected to
the error derived from regression models vs. reference techniques [18,19,50]. In our results,
the study of raw electrical variables demonstrated a higher PA of the forwards (7.26◦) vs.
the backs (6.73◦). Recently, the reference percentiles of PA for sports populations have been
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published by Campa et al. [52]. Considering these reference values for team sports, our
players were situated between P50 and P85. The research group of Campa documented
that PA differs in each sport, according to the player’s position, which is related to BC and
morphological characteristics, especially in team sports [52]. The same group underlined that
in male athletes from team sports, PA is positively related to the mesomorphy component and
negatively related to the ectomorphy component of somatotype [53]. Although there is no
study that evaluates the association between impedance vectors and somatotype in female
athletes, similar results could be expected. The high PA of our players compared to other
sports could be explained by the high mesomorph component in their somatotype. Prior
studies have suggested that PA is positively related to muscle mass and negatively related to
the ECW/ICW relationship [50,54]. PA is also related to cellular health and hydration and
muscular mass and quality. Moreover, it is suggested that PA could be a useful indicator
for the study of athletes during sport season, especially if they present a low PA, in order to
(1) identify changes in BC, (2) evaluate fatigue and sport performance, and (3) design specific
nutritional strategies [52,55]. However, a number of authors have reported that the study of
PA in isolation could lead to misinterpretations of BC [37,54]. It has been observed that athletes
with similar PAs could differ in TBW or FM%. Since classic BIVA assesses the impedance
vectors and not just PA (vector slope), it could be more useful because it also takes into account
the length of the vector, which shows TBW (longer vectors are related to a lower TBW) [21,54].
In this modality of BIVA, considering the reference values of individual impedance vector
distributions for sports populations, the majority of the studied rugby players presented a
similar bioelectrical behaviour to other athletes (Figure 2), despite not belonging to an elite
team. There were only two players out of the ellipses at 75% (although within ellipses at 95%);
one was in the right upper quadrant and the other in the left lower quadrant. The first one
(number 9) is a back player with a BMI of 21.4 kg/m2. They presented a greater endomorphy
component than the rest of the players, so it is possible that their morphology explains their
position in the BIVA graph. The second one (number 7) is a forward player with a high BMI
(37.5 kg/m2), which explains their BIVA graph position. These results agree with Campa
et al.’s research, which documented that athletes with a high body mass could be placed in
the lower area of the BIVA graph, independently of their morphology [53].

Classic BIVA did not detect differences in BC according to the player’s position, which
is shown by both the individual impedance vector distribution (Figure 3) and the mean
impedance vector distribution of each subgroup (confidence ellipses, Figure 4a). This was
an expected result, given that Marini et al. [54] proved that classic BIVA detects differences
in TBW but not in FM%. The two studied subgroups of players differ in fat mass but not in
TBW, as is shown by the mean impedance vectors (Figure 4a) and the Z/H values (Table 3).

Body geometry is a factor that affects bioimpedance measurements [35]. That is why
in BIVA-sp, a correction in R and Xc values for cross-sectional areas is made in order to
reduce the differences related to size and body shape. This modality is more sensitive to the
bioelectrical properties of the tissues and evaluates BC in a more reliable way [20]. In fact,
BIVA-sp showed, in a statistically significant way, the BC differences between forwards
and backs (Figure 4b). In forward players, as other authors have documented, the length of
mean impedance vectors is higher than in backs, which indicates a higher FM% [21,54,56].
Most of the players presented a similar specific individual impedance vector distribution
in the tolerance ellipses of BIVA-sp (Figure 3) compared to the reference values in sports
populations. The vectors of five players were allocated out of the ellipses at 75%, within
the left upper quadrant (players number 7, 10, 13, 18, and 19). These players (all forwards)
registered the highest values for BMI and FM%; therefore, their position in the BIVA-sp
graph agrees with other studies [57]. However, player number 9, who is placed in the right
upper quadrant in the BIVA graph, is in the centre of the ellipse in the BIVA-sp graph,
which shows the normality of her BC. Additionally, there is a player out of the ellipse at 75%
within the right lower quadrant, with a reduced length of the Zsp vector (subject 12). She is
a back player with a BMI of 18.0 kg/m2 and a low FM. Finally, the back player (number 15)
was situated out of ellipse at 75%, in the left at the limit of upper and lower quadrants. She
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presented a BMI of 21.5 kg/m2 with a moderate FM and a high SMM, as indicated by PA,
and was the highest of the team (great body cell mass and lower ECW/ICW relationship,
due to the higher ICW).

The somatotype analysis corroborates many of these BC characteristics. As an example,
Figure 1b shows that player number 12 is the only one with an ectomorphic somatotype.
Players with a high body mass and FM% are allocated in the mesomorph endomorph axis,
but out of the somatochart (the values of players number 13 and 19 were so extreme for X
and Y that they cannot be drawn on the somatochart). Little research has been conducted to
analyse impedance vector distribution according to athlete somatotype [26,53,58,59]. Statis-
tically significant correlations between impedance vector and PA and some components of
somatotype have been found; however, the studied samples were reduced (only from sports
such as soccer) and mainly in male athletes [26,53,58,59].

This study presents some limitations. On one hand, there was a reduced sample size;
the subjects studied were only the players from a sub-elite rugby team who voluntarily
wanted to participate, but it was a small team. Ideally, the sample size would be increased
by including players from rugby and other sports, individual and team sports, and with
sub-elite and elite athletes. Additionally, on the other hand, the obtained results can only
be extrapolated to other research works that use similar BIA devices at 50 kHz with the
same protocol and in similar populations.

In sports, where fast, accurate, and simple measurements are required, the application
of BIVA, in both classic and specific modalities, can be a very helpful strategy for BC
analysis [60]. Both conventional BIA and BIVA techniques do not present anthropometry
limitations such as errors derived from predictive models, a high inter- and intra-observer
variability, and a specific measurement time. Classic BIVA could be useful to evaluate
hydration variations, while BIVA-sp could be employed to monitor changes in FM% during
seasons or according to different training strategies in order to improve BC and competitive
performance. Given the particularities of this sport and the physiological characteristics of
women, this could be particularly important in rugby female players. Moreover, the use
of BIVA to assess BC in semi-professional teams would assist in improving the physical
condition and performance of the players.

In future research, it would be very interesting to study BIVAs applications in the long
term to evaluate BC and hydration variations during the entire sport season and training
sessions. It would also be relevant to study the association between impedance vectors and
somatotype in a greater sample of both female and male athletes from different sports and
levels of competition.

5. Conclusions

The BC and morphology of the players from a sub-elite female rugby team are different
according to their playing position; forwards present a higher FM% than backs. These
variations are shown in both somatotype and specific impedance vector distributions of
BIVA. The application of BIVA in both modalities, i.e., classic and specific, can be a very
useful strategy for BC study in sports.
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