
183GERMAN JOURNAL OF SPORTS MEDICINE  74  5/2023

ZusammenfassungSummary

ACCEPTED:

PUBLISHED ONLINE:

Scan QR Code  
and read  
article online.

CORRESPONDING ADDRESS:

ORIGINALIA

Introduction, Problems and Objectives

Female athletes in rhythmic gymnastics (ARGs) are 
often associated with underweight and malnutriti-
on (15). Further problems, e.g. menstrual disorder, 
stress fractures and high training volume are de-
scribed in this context. Therefore, the determina-
tion of body composition (BC) plays an important 
role. The quantification of different components 
of the human body, e.g. body fat mass in percent 

(FM%) is a common procedure among patients and 
athletes. These values can be used to evaluate the 
health and nutrition status (11). For example, an in-
creased FM% is associated with higher mortality 
risk (17). Some values can be evaluated to assess 
medical issues. In this case, BC can be used to dia-
gnose malnutrition (7). Consequently, BC determi-
nations for different groups, including athletes, 
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 › Problem: Female athletes of rhythmic gymnastics (ARGs) are 
often associated with underweight and malnutrition. Body com-
position (BC) determinations can help to make statements about 
nutritional status and health. However, there is no BC database 
among ARGs in Germany.

 › Method: BC determinations were performed among German 
ARGs using calipometry and different bioelectrical impedance 
analysis (BIA). All devices were compared in terms of percentual 
fat mass (FM%) using ANOVA. Additional parameters for the BIA 
devices were tested for differences using t-tests. Bland-Altman 
plot was created to compare the BIA devices in terms of FM%.

 › Results: Twenty-five ARGs (M=15.2 years, SD±2.11) were measu-
red. FM% was determined by calipometry (M=7.51, SD±1.35), In-
Body (M=11.87, SD±5.1), and BIVA 101 devices (M=16.2, SD±4.26). 
ANOVA showed significant differences for FM% (F[2, 48]=64.46, 
p<0.001; partial η²=0.729). For Bonferroni-corrected post-hoc 
tests, significant differences (p < 0.001) between the three measu-
rement methods were determined. The t-tests in BC parameters 
also showed significant differences (p<0.001) between the two 
BIA devices.

 › Discussion: Compared to calipometry, BIA provides additional 
BC parameters. Nevertheless, the use of different measurement 
methods and devices in the comparison of BC parameters is not 
recommended. Reference values must be adapted to the respec-
tive devices.

 › Conclusion: Uniform measurements in larger samples and 
generation of reference values are necessary to explore the pre-
diction in BC on health status among ARG.

 › Problem: Athletinnen der Rhythmischen Sportgymnastik 
(RSG) werden häufig mit Untergewicht und Mangelernährung 
assoziiert. Körperkompositionsbestimmungen können dabei 
helfen, Aussagen über den Ernährungszustand oder die Ge-
sundheit zu treffen. In Deutschland liegen bei Athletinnen der 
RSG dazu bislang keine Daten vor. 

 › Methode: Bei Spitzenathletinnen der RSG in Deutschland wurden 
mit Calipometrie und unterschiedlichen Bioimpedanz-Analyse 
(BIA)-Geräten Körperkompositionsbestimmungen durchgeführt. 
Alle Geräte wurden in Bezug auf die prozentuale Fettmasse (FM%) 
mit einer ANOVA mit Messwiederholung verglichen. Zudem wur-
den weitere Parameter beider BIA-Geräte mit t-Tests auf Unter-
schiede geprüft. Für den Vergleich der BIA-Geräte hinsichtlich 
FM% wurde ein Bland-Altman Plot erstellt.

 › Ergebnisse: 25 RSG-Athletinnen (M=15.2 Jahre, SD±2.11) 
wurden untersucht. Die FM% wurde für die Caliper-Messung 
(M=7.51, SD±1.35), InBody-Messung (M=11.87, SD±5.1) und BIVA 
101-Messung (M=16.2, SD±4.26) bestimmt. Die ANOVA zeigte, 
dass sich die durchschnittliche FM% signifikant voneinander 
unterscheidet (F[2, 48]=64.46, p<0.001; partielles η²=0.729). 
Signifikante Unterschiede (p<0.001) zwischen den drei Mess-
methoden wurden durch einen Bonferroni-korrigierten post-
hoc-Test ermittelt. Die durchgeführten t-Tests zeigten zwischen 
den BIA-Geräten bei mehreren Körperkompositionsparameter 
ebenfalls signifikante Unterschiede (p<0.001).

 › Diskussion: Gegenüber der Calipometrie liefert die BIA zu-
sätzliche Parameter zur Körperkomposition. Dennoch gestaltet 
sich die Nutzung verschiedener Messmethoden und Geräte im 
Vergleich von Körperpositionsparametern als schwierig. Refe-
renzwerte müssen an die jeweiligen Geräte angepasst werden.

 › Schlussfolgerung: Einheitliche Messungen bei größeren Stich-
proben sind nötig, um Zusammenhänge zwischen Körperkom-
position und Gesundheitszustand bei RSG-Athletinnen sowie 
Referenzwerte zu generieren. 
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have the need for further research. One way in which BC de-
terminations are performed among elite athletes is through 
annual sports medical health examinations, so-called “Jah-
reshauptuntersuchungen” (JHU). Top athletes must undergo 
such examinations in order to determine athletic resilience 
and to prevent health damage through sports (4). Therefore, 
in addition to various internal and orthopedic examinations, 
anthropometric characteristics, such as height, weight, and 
Body-Mass-Index (BMI) are collected. Moreover, a determi-
nation of body fat is recommended in health examinations 
in different sports, including rhythmic gymnastics (19). This 
value can be used in the evaluation of athletes and their per-
formance to classify training, health or nutritional status (9). 
Various methods and devices can be used to determine FM%. 
In the sports medicine, such measurements are mainly per-
formed with calipometry or bioelectrical impedance analysis 
(BIA). To best of our knowledge, no research has investigated 
BC among German ARGs yet.

For this study, BIA measurements were performed with 
ARGs from the German national team with three different BC 
measurement methods. The questions arise I) to what extent 
different methods for determining FM% differ among ARGs? 
Furthermore, this study will investigate II) to what extent 
both BIA devices differ in the determination of BC parame-
ters?

 Material and Methods 

Recruitment and Anthropometric Measurements 
All examinations and measurements were conducted as a part 
of the JHU among ARGs in the Eberhard Karls University Tü-
bingen, Faculty of Medicine, Department of Sports Medicine 
from January-March 2022. All measurements took place in the 
morning, and after the general internal and orthopedic exami-
nation. Anthropometric characteristics were collected. For the 
standardized measurement, ARGs should be fasted and were 
informed by termination. Body height, weight, and BMI were 
measured. Subsequently, BC measurements with calipometry 
(GPM), BIA 101 BIVA (Akern), and BIA InBody 4.0 (Biospace) 
were performed in this order. Two trained examiners were in-
volved in the survey. 

Instruments
For the calipometry, FM% is estimated on the basis of skin fold 
thickness or layer thickness of the subcutaneous fat tissue (1). 
For the determination, the skinfold thickness is measured at 
three body points (triceps, subscapula, and abdomen). There-
fore, the athlete stands in an upright position. The FM% was 
calculated with the formula according to Lohmann (13). 

To measure bioelectrical impedance, a small alternating 
current is passed through the body to determine resistance (in 
ohms). Based on the directly measured parameters of capac-
itive resistance (Xc) and the resistive resistance (Rz), further 
BC parameters can be calculated using various equations and 
population-specific reference values (12). 

The InBody 4.0 by Biospace is a multi-frequency BIA with 
eight electrodes. The measurements were performed in a stand-
ing position. Heels and bales were in contact with the electrode 
surfaces. The athlete takes one handle of the device in each 
hand so that the thumbs touch the electrodes on the surfac-
es. The arms remain extended and slightly abducted about 15° 
during the measurement (10). 

The BIA 101 BIVA by Akern is a single-frequency BIA with 
50 kHz ±1% measuring frequency. The measurements were 
performed in spine position (3). Here, the arms and legs are 
abducted about 30° and 45°, respectively. For measurement, 
four electrodes were placed on the extremities of the right half 
of the body in predetermined positions. Measurements were 
started only after a 5-minute rest period in supine position. BC 
parameters were analyzed afterwards with the corresponding 
software (BodygramPlus Enterprise Software, version 1.2.2.9, 
Akern s.r.l., Pontassieve, Italy). 

In this study, the body composition parameters FM%, total 
body water (TBW), extracellular water (ECW), fat-free mass 
(FFM), fat mass (FM) and body cell mass (BCM) were calcu-
lated with both devices. The muscle mass (MM) could not be 
determined with both devices and was therefore not included. 

Data Analysis 
Data analysis was performed with the statistical program SPSS 
(IBM SPSS, version 28.0.1.0). For descriptive analysis mean 
values (M) with range (minimum-maximum) and percentages 
were determined. A group comparison of the ARGs was made 

BC parameter by calipometry, InBody and BIVA 101. FM%=percentual body fat mass; TBW=total body water; ECW=extracellular water; FFM=fat-free mass;  
FM=fat mass; BCM=body cell mass. 

PARAMETER MEAN MINIMUM MAXIMUM SD

Calipometry FM [%] 7.51 5.1 10.0 ±1.35

InBody FM [%] 11.87 4.1 21.8 ±5.10

BIA 101 FM [%] 16.20 6.0 22.7 ±4.27

InBody TBW [l] 31.16 24.4 42.8 ±4.00

BIA 101 TBW [l] 31.58 25.4 40.8 ±3.28

InBody ECW [l] 10.45 8.4 14.5 ±1.35

BIA 101 ECW [l] 13.56 10.8 17.2 ±1.51

InBody FFM [kg] 42.49 32.9 58.3 ±5.45

BIA 101 FFM [kg] 40.71 31.3 55.5 ±5.53

InBody FM [kg] 6.06 1.7 12.2 ±3.20

BIA 101 FM [kg] 8.11 2.4 14.1 ±3.02

InBody BCM [kg] 22.68 16.3 32.0 ±3.79

BIA 101 BCM [kg] 29.03 22.4 39.7 ±3.73

Table 1
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by ANOVA with repeated measures using each of the three 
methods for FM% determination. The partial Eta squared (η²) 
was calculated and pairwise comparison with post-hoc test was 
performed. To compare the parameters of both BIA devices, a 
t-test was performed for each measured parameter. Additional-
ly, effect sizes by Cohen’s d were calculated. Furthermore, for 
the comparison of the individual deviations between the two 
BIA devices in terms of FM%, Bland-Altman plot was created (8). 
For all tests, the significance level was set at p<0.05 in this study. 

 Results 

A total of 25 ARGs with a mean age of M=15.2 years (13.0–21.0; 
SD±2.11) were included in the study. The anthropometric cha-
racteristics for weight, height and BMI were M=48.8 kg (35.6–
69.1; SD±7.86), M=163.1 cm (152.7–178.5; SD±6.14), M=18.3 kg/m² 
(15.2–22.3; SD±1.96), respectively. A weekly training duration of 
M=32.8 hours/week (12.0-48.0; SD±7.95) was recorded. 

As a part of the JHU, the ARGs received both an internal 
and orthopedic evaluation regarding sports suitability. In the 
orthopedic examination, limited sports clearance was present 
among four (16%) ARGs (labrum injury (n=1); bone marrow ede-
ma (n=1); condition after Achilles tendon surgery (n=1); severe 
hip pain (n=1)). From the internal examination, sports clearance 
was granted only temporarily or conditionally for n=12 (48%) 
athletes (positive weight trend (n=5); gynecological examina-
tion (n=4); examination of proteinuria (n=1); control of the he-
moglobin level (n=1); inadequate carbohydrate intake/ elevated 
urea levels (n=1)). Other common diagnosis included hip issues 
(n=5; 20.0%), back pain (n=3; 12.0%), underweight (n=7; 28.0%), 
and menstrual irregularities (n=5; 20.0%). 

According to the Shapiro-Wilk-Test, FM% was normally 
distributed for all groups (p≥0.05). Mauchly-Test showed no 
violation of sphericity (p=0.605). A repeated measures ANOVA 
with the assumption of sphericity showed a statistically signifi-
cant difference between the mean FM% (F(2, 48)=64.46, p<0.001, 
partial η²=0.729) with a large effect according to Cohen. Bonfer-
roni-corrected post-hoc-Test presented significant higher FM% 
for InBody measurement than for calipometry (MDiff=4.36, 
95%CI[2.19, 6.52]; p<0.001). Moreover, Bonferroni-corrected 
post-hoc-Test showed a significant higher FM% for BIVA 101 
measurement than for calipometry (MDiff=8.66, 95%CI[6.84, 
10.52; p<0.001]) and a significant higher FM% for BIVA 101 
measurement than for InBody measurement (MDiff=4.32, 
95%CI[2.43, 6.22]; p<0.001). Figure 1 shows the comparison of 
FM% for all devices. The exact values of FM% of each measure-
ment method are presented in table 1.

According to the Shapiro-Wilk-Test, BC parameters measured 
by InBody and BIVA 101 were normally distributed for all groups 
(p≥0.05). The t-Test showed no significant differences between 
the BIA devices for TBW (t=-1.90, p=0.07). For the other BC pa-
rameters, t-Tests showed significant (p<0.05) differences. ECW 
was significant lower for InBody measurement than for BIVA 101 
measurement (t=-29.28, p<0.001). The values for FFM measured 
by InBody were significantly higher than for BIVA 101 measure-
ment (t=4.95, p <0.001). Similar to the comparison for the FM%, 
differences were also significant when comparing the absolute 
values of FM. The FM for InBody measurement was significantly 
lower than for BIVA 101 measurement (t=-6.23, p<0.001). The BMC 
for InBody measurement was significantly higher than for BIVA 
101 measurement (t=20.44, p<0.001). The individual BC parame-
ters of both BIA devices are shown in table 1 and the effect sizes 
for each parameter are presented in table 2. According to Cohen, 
there were large effects for ECW, FFM, FM and BCM. 

With Bland-Altman Plot, the individual deviations between 
both BIA devices regarding FM% were considered (figure 2). 
Only one athlete represents an outlier. The average individual 
deviation (InBody 4.0 - BIVA 101) was -4.3% (95%CI[3.0, -11.7]). 
Furthermore, linear regression shows a decrease in the differ-
ence between InBody 4.0 and BIVA 101 with increasing mean 
values from both devices.

 Discussion 

The aim of this study was to examine the FM% and BC among 
ARGs with different measurement instruments and methods. 
To the best of our knowledge, no studies have been conducted 
on this topic in Germany to date. Such values could allow the 
classification of measured FM% values and ensure comparabili-
ty. However, the results of this work have shown that the values 
of FM% differ greatly with various measurement methods. Si-
gnificant differences were found between the two BIA devices 
and the caliper measurement. There were strong effects in each 
case, which indicates that the choice of measurement method 
or instrument has a decisive influence on the measured FM%. 
Regardless of the measurement method used, a relatively low 
FM% was observed in the ARGs studied. 

Consideration of other studies investigating FM% in ARGs 
of similar age showed higher values. Examination of elite 

 

Figure 1  
Fatmass (FM) % by calipometry, InBody 4.0 and BIVA 101. *significant result 
with p<0.05.

 

Figure 2  
Bland-Altman Plot for fatmass (FM) % by InBody 4.0 and BIVA 101. Linear 
rgression equation y=-7.272+0.210*x. Arrow=values outside the interval 
mean +2SD.
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ARGs using 9-point calipometry yielded values for FM% with 
18.9% (16). Similarly, in sub-elite ARGs, FM% values by 16.5% 
were shown when measured by BIA/STA (Akern) (2). Further 
studies on ARGs of different performance levels and ages pro-
vided values for FM% between 13.8% and 20.7% measured by 
various InBody devices and calipometry (5,14,15). 

When comparing the measurement methods used in this 
survey, it is noticeable that the measurement of FM% with the 
caliper, in contrast to a BIA measurement, is strongly depen-
dent on the examiner. Caliper measurements are non-invasive 
and can be performed quickly, but they only provide informa-
tion on FM%. With BIA measurements, additional BC param-
eters can also be determined. Depending on the BIA device, 
the time required is similar to a caliper measurement. BIA 
measurements provide various information about BC parame-
ters. These values can be used, for example, to make statements 
about a person’s state of health or nutrition. In the case of the 
ARGs studied, such parameters were determined using both the 
InBody 4.0 and the BIVA 101. When comparing both devices, it 
could be shown that all parameters (ECW, FFM, FM, and BCM) 
differ significantly from each other except for TBW. Similar to 
the FM%, this also changes the view when looking at BIA data. 
With different devices, various statements can be made about 
the BC. This confirms the fact that the comparison of BIA data 
and reference values is only possible on a device-specific basis. 
Accordingly, the classification of BC parameters can only be 
made against the background of the device used. 

The differences between the two BIA devices in the compari-
sons of the BC parameter means were also evident when looking 
at the individual differences in terms of FM% by Bland-Altman 
plot for both BIA devices. Moreover, the linear regression indi-
cated that athletes with higher values of FM% or with increasing 
mean values from both instruments, the differences between 
the instruments become smaller. Consequently, in addition to 
the general differences between various devices, individual BC 
or FM% may also have an impact on the variation between dif-
ferent methods.

However, intra-individual monitoring and comparisons over 
time can be performed and evaluated for athletes using one 
device. Here, athletes could be examined regularly in addition 
to JHUs, e.g., in their training groups. Especially in sports where 
athletes are at increased risk for underweight or low FM%, BIA 
measurements could be used preventively in addition to diagno-
sis. Furthermore, PhA can be determined during measurement 
with BIVA, which is one of the most important BIA parameters 
in the scientific and clinical context today. In athletes, such 
values could be used, for example, to assess muscle quality (6).

In the context of this work, BC surveys of ARGs were con-
ducted for the first time in Germany. A strength of this work is 
the use of three different measurement methods. Furthermore, 
the high-performance level of the sample can be emphasized. 
All the athletes studied belong to the German national team of 
the rhythmic gymnastics. Due to the extensive investigation 
in the context of the JHU including complete surveys with the 
measurement methods, all relevant data were completely avail-
able without missing values. 

A total of only 25 female athletes were examined. For more 
meaningful results, larger surveys are necessary here. Another 
limiting factor was that the measurements were performed by 
two examiners. Particularly in the case of the caliper measure-
ment, this can play a role in the measurement results due to 
the examiner dependency. In the BIA measurements, not all 
possible disturbance variables could be excluded despite the 
standardized procedure. The temperature in the examination 
room was not measured. In addition, it could not be guaranteed 
that the ARGs were actually fasting at the time of measurement. 
Information on the menstrual cycle at the time of measurement 
was not available. These factors can influence the results of the 
BIA measurements (18).

 Conclusion 

The choice of method or instrument for the determination of BC 
in ARGs strongly influences the results. Therefore, parameters 
of BC can only be compared device-specifically and reference 
values have to be adjusted. The large differences in the measu-
red BC parameters between the measurement methods indicate 
a need for further research in this regard. In order to obtain 
meaningful results on the BC of ARGs in Germany, further mea-
surements with larger samples must follow. Nevertheless, such 
measurements can be used for the evaluation of intra-indivi-
dual BC changes in athletes. Here, BIA measurements provide 
additional parameters compared to calipometry. Finally, the 
use of uniform BIA devices as well as recommendations for per-
forming BC determinations in the context of JHU could provide 
further information on BC of athletes.  

Conflict of Interest
The authors have no conflict of interest.

Summary Box
Different measurement methods for determining the percenta-
ge fat mass differ significantly from each other in their results. 
Reference values must be adapted accordingly to the respective 
devices. 
There are significant differences in the determination of various 
body composition parameters between different BIA devices. A 
comparison across devices is not recommended.

Mean differences and effect sizes for the comparison of InBody and BIVA 
101. TBW=total body water; ECW=extracellular water; FFM=fat-free mass;  
FM=fat mass; BCM=body cell mass. *significant result with p<0.05 (two-si-
ded test).

PARAMETER MDIFF SD T P-VALUE D

TBW -.424 l ±1.12 -1.90 .070 0.379

ECW -3.116 l ±.53 -29.28 <.001 5.857*

FFM 1.780 kg ±1.80 Apr 95 <.001 0.989*

FM -2.052 kg ±1.65 -6.23 <.001 1.246*

BCM 6.352 kg ±1.55 20.44 <.001 4.087*

Table 2
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