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BACKGROUND

SUMMARY

Background. This study aimed to examine the association between regional Phase
Angle (PhA) and physical performance in athletes where the use of specific body
segments is required.

Methods. Sixteen elite-level rowers (13 male aged 17.6 + 2.1 yr; 3 female aged 21.0 + 4.4 yr)
participated in this investigation. Raw bioimpedance parameters were obtained with a
phase-sensitive 50 kHz bioelectrical impedance analysis (BIA) device and fat-free mass,
percentage of fat mass (FM%), and arms and legs lean soft tissue (ALST and LLST,
respectively) were estimated using specific BIA-equation developed for athletes. The
time (2000t) and the mean power (MP) expressed during the 2000 m test performed on
a rowing ergometer were measured.

Results. The major findings of the study were that upper hemisome PhA (UPhA) were
more strongly related with 2000t (R2 = 0.35, p = 0.015) and MP (R2 = 0.40, p = 0.009)
than whole-body PhA. Additionally, not only UPhA maintained a significant relation-
ship with 2000t (p = 0.001) and MP (p = 0.001), even after adjustment for the co-vari-
ables sex, ALST, and FM %, but the explained variance increased to R2 = 0.72 and R2
= (.78, respectively.

Conclusions. These results suggest that the regional PhA might be used as a tool for
evaluating performance related parameters in sports where specific body segments are
involved, preferring it to the whole-body measured value.
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composition in sport (6). Although BIA measures the oppo-

The assessment of body composition through economic and
easy-to-use techniques allows the physician and strength
trainer to monitor the athlete’s condition in order to achieve
an optimal health status and therefore a higher level of perfor-
mance. Several variables in body composition are known to
be related to strength and movement patterns (1-3). In partic-
ular, an increase in lean mass contributes to the development
of strength and power while a reduction in non-essential body
fat contributes to the development of muscular and cardiore-
spiratory endurance, speed and agility (4, 5).

Nowadays, Bioelectrical Impedance Analysis (BIA)
represents one of the most used methods to assess body

sition of body tissues to the flow of an alternating current, its
measurement modality and the assessments that can there-
fore be obtained vary among the different devices (7). The
study of bioelectrical properties in athletes made it possi-
ble to create specific references (8-11) useful for monitor-
ing body composition during the competitive season and
during the follow-up after an injury (12-14). Among the raw
bioimpedance parameters, the phase angle (PhA) has been
proposed as an indicator of cellular health, cell membrane
integrity (7, 15) and representative of the intracellular/extra-
cellular water ICW/ECW) ratio (16-18). While the useful-
ness of PhA in the clinical setting is widely recognized,
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scientific research has recently begun to show its interest in
exploring the associations between PhA, health status, and
sport performance. In healthy athletes, the PhA shows high-
er values compared to the phases of the competitive season
characterized by high training load or acute and chronic
fatigue (13, 19, 20). Recently, Nabuco et a/. (20) reported
the relationship between whole-body PhA (WBPhA) and
sprint performance, also highlighting how it is inversely
correlated with perceived fatigue in soccer players.
Compared to conventional whole-body BIA, regional anal-
ysis allows measuring the composition of different body
segments, overcoming the theoretical limits underlying
conventional analysis such as considering the human body
as the set of five cylinders of uniform resistivity (21). Recent
studies suggest that regional BIA at the lower limb level
provides important information in soccer and cycling popu-
lations. These information refers to the difference between
the sexes, in which male athletes have higher lower limb PhA
values than female athletes (22); the changes in body fluids
which can occur after a muscle injury, in which a decreases in
regional PhA were observed where there is cellular damage
with consequent accumulation of fluids in the extracellu-
lar compartment (14); and the change in cell number and/
or size following a training program shown by an increase
in lower limb PhA (19). A study on cyclists participating in
the 2012 Giro d’Italia showed that while WBPhA did not
change, lower hemisome PhA (LPhA) decreased during a
three-week stage race (23).

However, the use of regional PhA as an indicator of the
performance of athletes from other sports that predominant-
ly involve other body segments has yet to be determined.
Therefore, the aim of this study was to verify through a
pilot study design the association between regional PhA
with physical performance in rowers, in which the use of
the upper body is particularly required. Our hypothesis
was that regional PhA could be more informative than that
measured through a whole-body BIA approach.

MATERIALS AND METHODS

Participants

A group of 16 elite rowers from the same sports club volun-
tarily participated in the study. This group consisted of 13
males (17.6 + 2.1 yrs) and 3 females (21.0 + 4.4 yrs) who
train following the guidelines of the Ttalian Rowing Feder-
ation which indicate daily sessions with the possibility of
two training sessions per day, corresponding to a training
volume of the last 6 months from 15 to 25 hours per week.
The study was performed during the in-season phase of the
competitive season; therefore, the athletes were at the high-
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est level of training. Athletes had at least 3-year competitive
rowing experience at the national level. Inclusion criteria for
the subjects included being Caucasian, practicing rowing at
national level for at least 5 years and having obtained sports
eligibility. Exclusion criteria were not providing informed
consent, having injuries that compromise the bioimpedance
assessment or participation in performance tests and not
having obtained sports eligibility.

Written informed consent from parents or guardians was
retrieved for rowers under the age of 18. After receiving
consent, all subjects underwent a voluntary assessment of
body composition and performance assessments. The study
was carried out in conformity with the ethical standards
laid down in the 1975 declaration of Helsinki, in addition
the study meets the ethical standards of the journal (24).
This study is part of a project of the Tuscany Region called
“Sports Medicine to support regional surveillance systems”;
the Regional Prevention Plan 2014-2018 with the code
O-Rangel8, approved it.

Bioimpedance and body composition analysis
The raw bioimpedance parameters [(PhA, resistance (R)
and reactance (Xc)] were obtained using a phase-sen-
sitive segmental bioelectrical analyzer (BIA 101 BIVA
PRO, Akern, Florence, Italy) with a current of 250 pA at
a single frequency of 50 kHz. After cleaning the skin with
isotropy alcohol, four low intrinsic impedance adhesive elec-
trodes (Biatrodes Akern Stl, Florence, Italy) were placed on
the hands back and other four electrodes on the neck of
the corresponding feet, respecting the standard protocol
(25). R, Xc, and PhA were measured directly and automat-
ically for each body segment, and the values were given in
ohm. The device was calibrated using the standard control
circuit supplied by the manufacturer that has a known
impedance (Rz % 380 Ohm 1% precision, and Xc % 47
Ohm 1% precision). The test-retest CV in 16 participants
for R, Xc, and PhA was 0.3%, 0.8%, and 0.9% respective-
ly. BIA was performed with patients lying supine with their
limbs (figure 1) placed slightly away from their body, after
an overnight fast, and having emptied their bladders. BIA
measurements were all taken by the same-trained investiga-
tor to avoid inter-observer errors. Arms and legs lean soft
tissue (ALST and LLST, respectively), fat-free mass (FFM),
fat mass (FM), and percentage of fat mass (FM %) were esti-
mated using a specific equation developed for athletes (26,
27) designed and validated with the same BIA model:
1. FFM (kg) = - 2.261 + 0.327 - S%/R + 0525 x Wt +
5.462 x Sex.
Where:

e sexis 0 if female or 1 if male;
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e Wt is weight in kg;

e S is stature in cm;

e R is resistance;

e R?2=0.94; SEE = 3.0 kg;

2. FM (Kg) = Body weight — FFM.

3. Arms LST (kg) = 0.940 x Sex + 0.042 x Wt + 0.080 x
S?2/R +0.024 x Xc —3.927.

Where:

e sexis 1 if female or O if male;

e Wt is weight in kg;

e S is stature in cm;

e R is resistance;

e Xcis reactance; R? = 0.89; SEE = 0.62 kg.

4. Legs LST (kg) = 1.983 x Sex + 0.154 x Wt + 0.127 x
S?2/R - 1.147.

Where:

e sexis 1 if female or O if male;

e Wt is weight in kg;

e S is stature in cm;

e R is resistance;

¢ and Xc is reactance; R? = 0.81, SEE = 1.95 kg.

Figure 1. Procedures for regional bioimpedance analysis.
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Physical performance assessment

After the body composition assessment, the rowers
performed an all-out 2000 m row on a rowing machine
(Concept2, Mod. D, Morisville, USA) designed to simulate
a real race on water (28). From this test the total time it took
to complete the distance (2000t) and the mean power (MP)
were recorded. The MP was evaluated with a computer inte-
grated (Concept PM3) to the ergometer, which measured
the power of each stroke in Watts, providing at the end of
the test the mean value of the strokes performed during the
2000 m of rowing.

Statistical analysis

All data are expressed as mean as standard deviation. To
verify the normality of the data, the Shapiro-Wilk test was
applied. The mean standard deviation was calculated for
each variable. A preliminary bivariate correlation analy-
sis was used to assess the association between bioelectric,
body composition, and physical performance parameters.
Multiple regression analysis was performed to test wheth-
er segmental phase angle (independent variable) is relat-
ed with 2000t and MP (dependent variables) after adjust-
ing for potential covariates, such as sex, ALST, and FM%.
Statistical significance was predetermined as p < 0.05. Data
were analyzed with IBM SPSS Statistics, version 24.0 (IBM
Corp., Armonk, NY, USA).

RESULTS

Anthropometric parameters, whole body and region-
al BIA analysis and rowing test performance are shown
in table I.

Figure 2 shows the individual bioimpedance vectors
plotted on the tolerance ellipses of the male and female
athletes’ population (9). Seven male rowers fell into the
50% percentile, while 5 within the 75%. All three female
rowers were included into the 50% tolerance ellipse.

The matrix of correlations between bioelectrical, body
composition, and physical performance variables is shown
in table IT. Whole body and upper limb phase angle (UPhA)
were both significantly associated (p < 0.05) with physical
performance measures, whereas no correlation between
LPhA and time in rowing 2000 m as well as MP were
found. Time in rowing 2000 m and MP showed a signif-
icant association with ALST, LLST, and FM % measures.
The correlations between WPHA and UPhA with 2000t
and MP are shown in figure 3; in both analyzes, UPhA
showed a stronger correlation with physical performance
parameters than WBPhA.
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Figure 2. Individual bioimpedance vectors of the rowers (male on the left and female on the right) plotted on the tolerance
ellipses of the athletes’ population (9).

Table I. Anthropometric parameters, whole body and regional BIA analysis and rowing test performance.

Male (n = 13) Female (n = 3)

Mean + SD Mean + SD
Age (years) 17.6 £2.1 21.0+44
Height (cm) 1.84 £ 0.1 1.7+ 0.1
Weight (kg) 754 +9.1 635+7.1
Body mass index (kg/m?) 22819 23.1+22
R (ohm) 410.0 £ 37.1 5223 +753
Xc (ohm) 52.6 +4.8 56.2+4.9
WBPhA (°) 6.5+04 6.1+04
Upper hemisome R (ohm) 454.9 +44.9 517.1+72.4
Upper hemisome Xc (ohm) 483 £3.8 494 +44
UPhA (°) 6.1+0.5 55+03
Lower hemisome R (ohm) 441.0 £ 465 4784 £79.1
Lower hemisome Xc¢ (ohm) 52.0+5.8 55.4+22
LPhA (°) 6.7+05 6.9+0.8
FFM (kg) 663 +6.9 48.6+5.4
FM (%) 11.8+29 234 +5.6
ALST (kg) 63+0.9 53+0.8
LLST (kg) 19.6£2.2 174+18
2000 t (sec) 4073 +17.3 4643 £1.2
MP (watt) 3345 +44.2 2229+ 1.7

R: resistance; Xc: reactance; WBPhA: whole body phase angle; UPhA: upper hemisome phase angle; LPhA: lower hemisome phase angle; FFM: fat free
mass; FM: fat mass; ALST: arms lean soft issue; LLST: leg lean soft tissue; MP: mean power.
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Table Il. Matrix of correlations between bioimpedance, body composition, and performance parameters.

WB PhA UPhA LPhA 2000 t MP LLST ALST FFM FM%
WB PhA 1 0.86" 0.74° -0.50* 0.51* 0.40 0.50* 0.43 -0.34
UPhA - 1 0.45 - 0.60* 0.63" 0.44 0.53* 0.52* -0.39
LPhA - - 1 -0.14 0.13 0.13 0.20 0.02 - 0.06
2000 t - - - 1 -0.95° -0.57* - 0.60* -0.77 0.63"
MP - - - 1 0.67° 0.70° 0.837 -0.56*
LLST - - - 1 0.30 0.917 0.32
ALST - - - 1 0.917 -0.29
FFM - - - - 1 -0.51%
FM% - - - 1 1

*: P <0.05; : P < 0.005. WB PhA: whole body phase angle; UPhA: upper hemisome phase angle; LPhA: lower hemisome phase angle; MP: mean power;
LLST: legs lean soft tissue; ALST: arms lean soft tissue; FFM: fat-free mass; FM %: percentage of fat mass.
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Figure 3. Scatterplots showing the relationships between
total and regional phase angle with physical performance
measures. The circles represent the male athletes, while the
squares represent the female athletes.

Tables III and IV display the multiple regressions between
UPhA and 2000t and MP, respectively. These relationships
showed a significant trend and not only remained significant
after adjusting for the co-variables sex, ALST, and FM % but
the explained variance (R?) in the performance predictions
increased maintain a variance inflation factor (VIF) below 5.

DISCUSSION

Studying the relationship between body composition and
sports performance is a growing research area in sports
science, especially in the case of elite athletes where the inten-
sity and volume of training are high. The aim of this study
was to test the usefulness of regional bioimpedance analysis in
evaluations of athletes in which specific body segments such
as rowers are involved. Rowing is characterized by the engage-
ment of both the lower and upper limbs; however, the bioelec-
trical parameters of the upper body appear to be predictive
of the performance. As hypothesized, UPhA showed a higher
correlation with 2000t and MP than the WBPhA. To date,
this is the first study to investigate the association of region-
al PhA with performance parameters, regardless of their
important body components such as LST and FM%.

Table IlI. Linear regression analysis independent variables and 2000 mt performance.

Independent variable R? B 95% confidence interval P-value
UPhA 0.35 -0.59 -0.91--0.11 0.015
Model 1 0.67 -0.73 0.28-1.15 <0.001
Model 2 0.72 -0.70 -032-0.77 0.001
Model 3 0.72 -0.63 -0.05-0.05 0.005

R% coefficient of determination; 3: Standardized coefficients beta; UPhA: upper hemisoma phase angle; Model 1: adjusted for sex; Model 2: adjusted
for sex and arms lean soft tissue; Model 3: adjusted for sex, arms lean soft tissue, and fat mass percentage.

Muscles, Ligaments and Tendons Journal 2021;11 (3)
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Table IV. Linear regression analysis independent variables and maximum power.

Independent variable R? B 95% confidence interval P-value
UPhA 0.40 0.53 21.39-121.79 0.009
Model 1 0.67 0.63 -143.61 --30.05 0.001
Model 2 0.77 0.69 0.56 - 48.44 <0.001
Model 3 0.78 0.60 -441-7.89 0.001

R?: coefficient of determination; : Standardized coefficients beta; UPhA: upper hemisoma phase angle; Model 1: adjusted for sex; Model 2: adjusted
for sex and arms lean soft tissue; Model 3: adjusted for sex, arms lean soft tissue, and fat mass percentage.

The rowers evaluated in this study showed bioelectric
proprieties in line with the references of the athletes’ popu-
lation, falling within the 75" percentile of the tolerance
ellipses for males and 50® for females (9). Considering the
position of the bioimpedance vectors within the R-Xc graph,
the TBW values and the ICW/ECW ratio values measured
in the rowers can be compared with those of the athletes’
population. In particular, the high pole of the R-Xc graph
identifies low TBW values while the vectors positioned at
the bottom represent a greater TBW than the average values
of the reference population (figure 2). Otherwise, the hori-
zontal axis of the tolerance ellipses identifies a greater or
lesser ICW/ECW ratio, where the values increase from the
right to the left along the axis. The ICW/ECW ratio is high-
ly correlated with PhA (16-18), and this it was confirmed by
recent studies in athletes where bioelectric measurements
were compared with the variables derived from dilution
techniques (17, 18).

The WBPhA measured in the rowers was 6.5 + 0.4 and 6.1
+ 0.4 for male and female, respectively. These values were
lower than those of the general athletes’ population (9),
where WBPhA was 7.7 + 0.8 for male and 6.9 + 0.8 for
female. On the contrary, the mean WBPhA measured in the
rowers tested by Veitia ez al. (29) (male: 6.6°; female: 5.8°)
was similar for the male and lower for the female includ-
ed in this study. In this regard, previous studies showed
that when measuring athletes involved in the same sports
a greater WBPhA may be a predictor of a higher compet-
itive category (8, 10, 11). Considering the regional analy-
sis, the UPhA measured in the male rowers was on average
similar with compared to a group of elite athletes practic-
ing different sports evaluated by Marra ef al. (30) (6.1°),
while the LPhA was lower (9.4°). However, as shown by
Silva et al. (31), there is a lack of agreement between the
bioimpedance parameters measured with different devices.
Therefore, the BIA-data presented in this study may not be
comparable with those of Marra et a/. (30) where R and Xc
were obtained using a multifrequency device. Our athletes
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were plotted on reference ellipses created starting from
measurements made with the same frequency and meth-
od of measurement. Furthermore, the equations used to
measure body composition variables were also developed
with a similar instrument using a foot-to-hand measurement
and a frequency of 50 khz.

The rowers included in this study performed 2000 mt in a
lower time (males in 6.47 min and females in 7.45 min) in
comparisons with those involved in the Yoshiga and Higu-
chi (3) study where the males completed the test in 7.18 min
and females in 8.27 min. In line with our findings, Yoshi-
ga and Higuchi (3) showed that FFM was inversely related
with time in performing 2000 m and this may be justified by
the beneficial effects of higher FFM on aerobic performance
(4, 5). Although our study, at the best of our knowledge,
is the first to consider associations between segmental PhA
and performance, Nabuco ez 4/. (20) had already investigat-
ed the correlations between PhA and sprint performance in
soccer players. In the study by Nabuco ez /. (20) the associ-
ation between WBPhA and physical performance measures
lost significance when adjusted for FFM and FM%. On
the contrary, in our study after adjusting for co-variables
the variability explained increased up to 72% and 78 % for
2000t and MP, respectively.

The above-mentioned aspects represent a new and inter-
esting evidence that suggests that in some cases using
bioimpedance analysis according to a regional approach
may be more informative than the whole-body method.
This is certainly an important point of strength of this study
in which a sample of elite rowers was included. Further-
more, as showed by the regression analysis results, consid-
ering body composition parameters obtained using popu-
lation-specific equations in addition to PhA can be highly
informative when evaluating athletes.

However, this research is not without limitations. First, the
associations between regional PhA and physical perfor-
mance parameters were studied according to a pilot study
design, therefore including a small sample. Finally, our find-
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ings are not generalizable to all athletes and new research is
needed to confirm these findings. Certainly, athletes in which
particular body segments are involved, such as the lower
hemisome for cyclists, should be included in future studies.
In this regard, this study can play a very important role prior
exposing Authors in conducting a large-scale research.

CONCLUSIONS

This pilot study on elite rowers shows how in some sports
where particular body segments are predominantly involved,
a regional PhA evaluation may be more informative than the
same value assessed using a whole-body approach. In addi-
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