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ABSTRACT

Investigations into the maximum strength capacity of the plantarflexors
have gained interest. An excellent intraclass correlation coefficient (ICC) for
the standing calf raise-1RM has been reported. However, research has shown
that ICC alone does not sufficiently reflect measurement reliability.

The aim of this study was to reassess the reliability of the standing calf
raise-1RM. Fifty-six physical education students performed standing calf raises
on two occasions. ICC, standard error of measurement (SEM), and minimal de-
tectable change (MDC) were calculated, as well as mean absolute error, mean
absolute percentage error, and typical error. A dependent t-test was performed
to assess systematic error, and a Bland-Altman plot was created.

Low levels of both absolute and relative error were observed. Comparing
the different measures, previous criticisms of the ICC and measures calculat-
ed from it, such as SEM and MDC, are highlighted. Researchers are advised
to report various independent measures to illustrate the accuracy of their
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International (CC BY-NC-SA 4.0) procedures.
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INTRODUCTION

Maximal strength is considered crucial for
high performance in various sporting tasks
(Stone et al., 2024; Suchomel et al., 2016). Re-
garding the lower extremity, most studies and
performance tests focus on the thigh muscula-
ture, specifically the quadriceps, hamstrings,
and glutes (Chelly et al., 2010; McBride et al.,
2009; Mock et al., 2018b; Mock et al., 2022;
Suchomel et al., 2016). Although their role
in achieving top-athletic performance is un-
disputed, the plantar flexors play an import-
ant role in proprioception, gait and sprinting,
change of direction and jumping (Arch et al.,
2018; Hubbuch et al., 2015; Jonkers et al.,

2003; Kadlubowski et al., 2024; Keiner et al.,
2021; Mock et al., 2018a; Mock et al., 2023;
Warneke et al., 2022b). However, only a few
studies address issues that need to be con-
sidered when evaluating this comparatively
small muscle group. The results of Mock et
al. (2023) and Warneke et al. (2022b) suggest
that the knee angle, and therefore the involve-
ment of the m. gastrocnemius, is of high rele-
vance for the relationship between maximum
strength in the calf raise and jumping perfor-
mance. Since the standing calf raise seems to
produce the highest correlation coefficients
with dynamic performance (Mock et al., 2023;
Warneke et al., 2022b) and different maximum
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strength tests for this muscle group cannot be
used interchangeably (Warneke et al., 2022a),
1RM testing in the standing calf raise might be
proposed as preferential method.

Despite the crucial role of internal and
external validity in strength measurements
(Warneke et al., 2023), ensuring testing reli-
ability —i.e., repeatability and reproducibili-
ty —must be provided to assess the practical
relevance of a measurement. Most common-
ly, consistency or agreement is quantified by
the intraclass correlation coefficient (ICC)
(Koo & Li, 2016). For the 1RM testing in the
standing calf raise, the ICC has been stated by
Mock et al. (2018a) and Mock et al. (2023)
as ICC = .987. To supplement this measure,
some authors propose the calculation of the
standard error of measurement (SEM) or the
minimal detectable change (MDC) to define
the least amount of training induced change
that needs to be reached to ensure that the in-
crease is not a product of measurement errors
(Impellizzeri et al., 2008; Martins et al., 2017,
Wollin et al., 2016).

Despite common practice, such indices of-
ten neglect the role of factors such as learning
effects (systematic bias) and random error, or
noise (Hopkins, 2000). Since testing maximal
strength 1s invalidated by learning effects (it
would test how fast an individual learns, rath-
er than determining the actual strength capac-
ity), Hopkins (2000) and Atkinson & Nevill
(2000) discussed additional statistical calcula-
tions to account for such sources of measure-
ment error. Therefore, authors were encour-
aged to implement Bland Altmann analyses
(Atkinson & Nevill, 2000) or the typical error
(TE) (Hopkins, 2000), as the sole focus on the
ICC does not provide sufficient information
whether an acceptable and practically relevant
level of reliability is reached (Lamb, 1998).
However, Grgic et al. (2020) claimed (for the
1RM squat test) that such recommendations

remain widely unaddressed and only a few ar-
ticles performed agreement analyses. To sup-
plement the graphical inspection of the mea-
surement error, the calculation of the mean
absolute error (MAE) and the mean absolute
percentage error (MAPE) has been proposed
(Kim & Kim, 2016; Willmott & Matsuura,
2005, 2006).

To close this gap in literature, the aim of
this study was to evaluate the reliability of
1RM measurements in the standing calf raise,
calculating multiple statistical measures for
the measurement device to account for diverse
error sources suggested by the literature.

METHODOLOGY

Participants

Fifty-six physical education students (40
males, 16 females) participated in this study.
The mean age was 23.7 + 3.0 years, the body
height 176.9 + 8.1 cm and the body weight
74.2 £ 10.3 kg (male: 23.95 + 3.16 years,
180.18 £ 6.36 cm; 78.65 + 8.32 kg; female:
23.00 £ 2.39 years, 168.75 £ 5.95 cm, 63.21
+ 5.39 kg). All the participants were recre-
ationally to ambitiously active, participating
in structured university sports courses and ad-
ditionally training in their respective sports
at least twice a week. Each participant was
informed of the experimental risks involved
with the research. All subjects provided in-
formed written consent. The research design
was approved by the institutional review
board (German University of Health & Sport,
No. 01/2019.92002800) and was conducted
in accordance with the use of human subjects
and the Declaration of Helsinki.

Experimental protocol

The 1RM in the standing calf raise was
determined in two sessions separated by
one week. The testing device of Mdock et al.
(2023) was used (Figure 1). The participants
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performed an individual warm-up consisting
of mobilization exercises and submaximal
calfraises. The IRM measurements were per-
formed with the barbell placed on the shoul-
ders above the 7th cervical vertebrae. The am-
plitude of the movement required a minimum
distance of 4 cm from the neutral position in
both directions of movement to be counted
as a valid trial. The participants lowered the
barbell 4 cm into dorsiflexion of the ankles,
followed by 4 cm of plantarflexion concern-
ing the neutral position. Therefore, the total

o .
iy 0

distance traveled by the barbell was 12 cm (4
cm eccentrically, 8 cm concentrically). The
movement amplitude was measured by two
laser distance systems with a measuring range
of 2000 mm and a measuring rate of 750 Hz
(Model: optoNCDT 1302-200, Manufactur-
er: Micro-Epsilon, Germany). An attempt
was declared as invalid when the necessary
range of motion in at least one direction of

movement could no longer be generated, or
the load was moved by using the knee and
hip joints.

Figure 1. Apparatus for IRM testing in the standing calf raise.

Statistical analysis

Data analysis was performed with SPSS
11.5 (SPSS, Inc., Chicago, IL, USA) and Mi-
crosoft Excel 365 (Microsoft Corporation,
Redmond, WA, USA). Descriptive data is
reported as mean (M) and standard deviation
(SD) as well as maximum (Max) and mini-

mum (Min). To assess interday measurement
reliability, the ICC was calculated from the
1RM values of the two testing sessions.

ICC thresholds were adopted and classi-
fied as follows: < .50 = poor, .50 - .75 = mod-
erate, .75 - .90 = good, and > .90 = excellent
(Koo & Li, 2016). As the SEM (Tighe et al.,
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2010) and the MDC (Seamon et al., 2022) are well, we calculated those using the following
considered standard reliability parameters as formulas:

SEM = SD xv1—1ICC

and

MDC = SEM * 1.96 * V2

The TE, according to Hopkins, was calculated with the formula:

RO = )2
n—1

Additionally, a Bland-Altman agreement 1986; Bland & Altmann, 1999; Dogan, 2018).
analysis was plotted, and the mean difference Additionally, the mean absolute error (MAE)
(systematic error) was calculated using the de- (Willmott & Matsuura, 2005; Willmott &
pendent two sample #-test (Atkinson & Nevill, Matsuura, 2006) as well as the mean absolute
2000) with the respective LoAs provided to ac-  percentage error (MAPE) (Kim & Kim, 2016)
count for random scattering (Bland & Altman, were calculated using the following formulas:

n

1

MAE = = Z iy

n*' llxl yll
1=

and

Xi—Yi

X

n
1
MAPE:E*Z 100

=1

RESULTS 191.92 + 45.32 kg in the first testing session
The descriptive data of the two testing ses- and 193.95 + 45.03 kg in the second testing
sions are presented in Table 1. The participants session.
lifted a mean 1RM in the standing calf raise of

Table 1. Descriptive data of the two testing sessions.

Measurement 1 Measurement 2
Mean [kg] 191.92 193.95
SD [kg] 45.32 45.03
Max [kg] 306.20 306.20
Min [kg] 83.60 88.80

The interday reliability analysis revealed the standing calf raise (Figure 2). Additionally,
an ICC of 0.981, a SEM of 0.727 kg, and an an MAE 0f4.079 kg and an MAPE 0f2.210 %
MDC of2.014 kg for the IRM measurementin could be observed.
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Figure 2. Scatterplot and reliability measures of the standing calf raise.

The Bland-Altman plot shows a difference indicating no systematic bias. The addition-
of the mean of 2.0 kg with the LoAs identi- al #-test to check for a systematic error also
fied at -12.09 kg and 16.15 kg, respectively yielded no significant result.

(Figure 3). The plot reveals a horizontal trend,
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Figure 3. Bland-Altman plot of the standing calf raise measurements.
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DISCUSSION

This study investigated the reliability of
a previously reported method to measure the
IRM in the standing calf raise. An excellent
ICC of .987 with a SEM of 0.727 kg was ob-
served, accompanied by a MAE of 4.079 kg
and a MAPE of 2.210%. Additionally, an
MDC of 2.014 kg and a TE of 2.884 kg were
obtained. The results demonstrate that the
1RM measurement in the standing barbell calf
raise is a reliable method for investigating the
maximum strength of the plantarflexors, as es-
tablished guidelines (Koo & Li, 2016) suggest.
Practitioners and researchers interested in in-
vestigating aspects of the dynamic maximum
strength of the plantarflexors are recommend-
ed to utilize this procedure for research pur-
poses and training monitoring. Nevertheless,
5 participants showed differences of more than
15 kg between the two measurements. This
might be interpreted as insufficient familiar-
ization in the case of greater IRM values in
the second testing. Therefore. researchers and
practitioners should be aware that one famil-
iarization session prior to testing might not be
sufficient for all individuals (Dias et al., 2005).

This study’s results provide interesting in-
sights into the usefulness of different reliabili-
ty measures. The SEM and the MDC are often
advocated as indices of measurement reliabil-
ity (Seamon et al., 2022; Tighe et al., 2010).
However, the present results, with a mean error
of MAE = 4.079 kg, contrasting with SEM =
0.727 kg and MDC = 2.014 kg, question the
usefulness of the SEM and the MDC. If the
mean error of a measurement is roughly double
the minimal detectable change, the MDC can-
not hold up to its name. This observation illus-
trates a mathematical problem with the SEM
and the MDC. Both these measures are derived
from the ICC of a measurement. Therefore, a
high ICC value inevitably leads to low SEM
and MDC values. As previous investigations

have shown, the ICC itself should be consid-
ered a nonsufficient and problematic measure
of reliability, since an excellent ICC may be
accompanied by considerable mean errors and
mean percentage errors (Warneke et al., 2022c;
Warneke et al., 2023). Additionally, the inves-
tigated sample exhibited a considerable level
of heterogeneity in terms of the 1RM in the
standing calf raise. As this can lead to an over-
estimation of correlation coefficients (Wilcox,
2013), the results further underline that the
validity of the ICC as a measure of reliability
must be questioned.

The results indicate that reporting single
measures to indicate measurement reliability
is not justified. Furthermore, researchers and
practitioners need to be aware of the strengths
and weaknesses of a broad spectrum of pro-
posed reliability measures. Study or training
results, including cross-sectional or longitudi-
nal group comparisons, cannot be validly in-
terpreted without knowledge of the measure-
ment error and reliability, even if they reach
statistical significance. Regarding the present
results, supposedly significant differences of
less than 4.079 kg or 2.210 % in plantarflexion
IRM should be treated as no difference be-
cause they do not exceed the mean error of this
measurement method and therefore the area of
uncertainty.

Regarding the estimation of effect siz-
es (ES), calculations based on the ICC have
been proposed to correct study ES for the un-
certainty of a measurement (Ahn et al., 2012).
As pointed out above, these correction meth-
ods also need to be questioned regarding their
problematic validity as an indicator of mea-
surement reliability.

CONCLUSIONS

In conclusion, the measurement of the 1RM
in the standing calf raise displays low levels
of both absolute and percentage mean errors.
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However, the results suggest that correlation-
al measures of reliability should be viewed as
problematic and supplemented with additional
independent procedures to gain a comprehen-
sive understanding of data quality and accura-
cy. Researchers are advised to report reliability
data from comparable studies but also repro-
duce these analyses with their own sample to
control for possible bias based on sample char-
acteristics and investigator selection.
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