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ARTICLE INFO ABSTRACT

Keywords: Background: This randomised crossover study with repeated measures examined the influence of the three most
Ankle common foot starting positions used in conducting the calf raise test (CRT) on test outcomes. This study also
Endurance accounted for the potential influence of gender, age, body mass index (BMI), and level of physical activity on test
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outcomes.

Methods: Forty-nine healthy individuals (59 % female, 21 + 4 years) performed single-leg calf raise repetitions in
a human movement laboratory in three randomised foot starting positions: flat, 10° incline, and step. The
validated Calf Raise application was used to track the vertical displacement of a marker placed on the foot using
computer vision. The application extracted the following CRT outcomes from the vertical displacement curve:
number of repetitions, peak vertical height, total vertical displacement, and total positive work. Data were
analysed using mixed-effects models and stepwise regression.

Results: There was a significant main effect (P < 0.001) of foot starting position on all outcomes, with all paired
comparisons being statistically significant (P < 0.023). Repetitions, total vertical displacement, and total positive
work were greatest in flat and lowest in step, whereas peak vertical height was greatest in incline and lowest in
step. Gender (P = 0.021; males>females) and BMI (P = 0.002; lower BMI>higher BMI) significantly influenced
the number of repetitions. Gender (P < 0.001; males>females) also influenced total positive work. Age and
physical activity levels did not significantly influence CRT outcomes.

Conclusions: CRT foot starting position mattered and significantly affected all CRT outcomes. CRT foot starting
position needs consideration when contrasting data in research and practice.

1. Introduction and endurance) [1,2]. The CRT remains a standard assessment tool in
clinical practice and research [3] and is used to assess functional abili-

The calf raise test (CRT) was introduced in the 1940s as a clinical ties in varied populations, including children [4], elderly [5], and in-
method for measuring triceps surae (TS) muscle function (i.e., strength dividuals with musculoskeletal [2,6] and medical [7,8] conditions. The
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CRT involves standing on one leg and performing repeated concentric
and eccentric plantarflexion contractions until fatigue (i.e., volitional
cessation), with the number of repetitions completed recorded as the
primary clinical outcome [1]. Other CRT metrics, such as peak height
and work, are considered key objective outcomes of the TS function in
Achilles tendon rupture rehabilitation research [2,9,10] as they are
more sensitive in detecting functional impairments than the number of
repetitions [2,9]. The CRT is not only used to monitor Achilles tendon
rupture rehabilitation [11], but it is also used to examine and compare
the influence of various treatment strategies (e.g., surgical vs functional
rehabilitation) [12], induce fatigue of the extrinsic foot core muscles
[13], and to build TS strength endurance when prescribed as an exercise
[14].

Despite its common use, there is no consensus protocol used to
administer the CRT [3] and the majority of studies only report repeti-
tions completed. This inconsistency in protocol may contribute to the
variable normative CRT values reported across studies [1,15-17].
Consequently, clinicians and researchers may have difficulty interpret-
ing outcomes and deciding on what parameters to implement in prac-
tice. Hence, it is imperative to understand how changes in parameters
affect CRT outcomes to promote evidence-based practice. One CRT
parameter that varies in practice and research is the foot starting posi-
tion [3]. The CRT has been performed from plantigrade (0° dorsiflexion)
from a flat surface or floor [1,4], 10° dorsiflexion with an incline plat-
form [9], or near maximal dorsiflexion with the forefoot on the edge of a
step [18]. Due to the length-tension relationship, these variations are
expected to alter TS muscle force production, with an increase in plan-
tarflexion force as dorsiflexion range increases [19-21]. This change
might result in a greater number of repetitions achieved during the CRT.
Conversely, the increased range of motion with increased dorsiflexion
may cause earlier TS muscle fatigue due to greater mechanical work
[22], leading to fewer CRT repetitions. Hence, CRT outcomes may differ
depending on foot starting positioning. Previous literature reporting
normative values and using the CRT for various clinical populations may
need revisiting when interpreted in light of potential differences arising
from foot positioning.

We aimed to examine the influence of foot starting position on CRT
outcomes, namely the number of repetitions, total vertical displacement,
peak vertical height, and total positive work. The goal was to compare
the three most common foot starting positions used to conduct the CRT:
flat (0°), incline (10° dorsiflexion), and step (forefoot supported). Due to
the increased range of motion and mechanical work required per repe-
tition when dorsiflexion is increased, we hypothesised fewer repetitions
in step than incline than flat conditions. Since CRT performance can
differ between genders [5,15,16,23,24] and decrease with age [5,15,16,
23,24], body mass index (BMI) [15,23], and lower physical activity
levels [5,15,23], a secondary objective was to account for the potential
influence of these predictors on CRT outcomes.

2. Material and methods
2.1. Sample size

Based on one-sample comparison of means and setting the minimal
detectable change between conditions to six repetitions from published
test-retest data [10], the estimated required sample size using G*Power
3.1.9.7 was 43 to attain 90 % power at a 5 % significance level assuming
a mean and standard deviation of 32 + 12 repetitions [10]. To account
for 10 % of missing data, 48 participants were targeted.

2.2. Study design

A randomised crossover study with repeated measures was used to
examine the effect of varying foot starting position (i.e., flat, incline, and
step) on the following CRT outcomes: number of repetitions, total ver-
tical displacement, peak vertical height, and total positive work. We also
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accounted for the following predictors in the analysis: gender, age, BMI,
and physical activity levels based on International Physical Activity
Questionnaire (IPAQ) short form scores [25]. The extension to rando-
mised crossover trial Consolidated Standards of Reporting Trials
(CONSORT) 2010 statement was followed in reporting our study [26].
No changes to the planned trial or measured outcomes were made after
study commencement. As only healthy individuals were recruited, the
study and protocol were not pre-registered.

2.3. Participants

Through targeted online distribution lists and word-of-mouth, we
recruited 49 healthy individuals from the local University campus.
Participants had to be at least 16 years old, able to follow simple in-
structions, and able to perform repeated single-leg calf raises. We
excluded participants with injuries, previous Achilles tendon ruptures,
or conditions that would interfere with CRT performance. Before
participation, participants were informed verbally and in writing about
the study and potential risks involved with participation, such as
delayed onset muscle soreness. All participants signed an informed
consent document. The Human Research Ethics Committee of the Uni-
versity of Waikato approved this study (HREC2020#11), which fol-
lowed the Declaration of Helsinki. Personally identifiable information
obtained from participants was coded to preserve anonymity and
confidentiality. All data were stored in keeping with university policies
on data protection and research governance.

Prior to testing, baseline measurements were recorded, and partici-
pants completed a self-administered IPAQ short form questionnaire to
classify their physical activity levels as low, moderate, or high [25].
Furthermore, participants were asked, “Which foot do you use to kick a
ball?” to determine their leg dominance [27]. A stadiometer (seca model
0123) and scale (seca model ESE813) were used to record body height
and mass of participants barefoot to the nearest 0.1 cm and 0.01 kg,
respectively.

2.4. CRT protocol

All CRT were performed barefoot on either the dominant or non-
dominant leg (allocated at random upon arrival for testing). The CRT
was conducted three times on three separate occasions seven days apart
in one of the following randomised foot starting positions allocated in a
block-randomised order upon arrival for testing: flat (0° dorsiflexion),
incline (10° dorsiflexion), and step (full dorsiflexion). Individuals
completed their three test occasions on the same leg. Trained physio-
therapists conducted all the tests in the same university movement
laboratory, with the block randomisation performed by one of the re-
searchers not involved in data collection. Blinding of participants and
assessors was not possible due to the nature of the intervention. To
warm-up, participants performed 10 double-leg calf raises from the
ground at 60 beats per minute (30 calf raises per minute), guided by a
metronome. Participants then completed three single-leg repetitions in
their allocated foot starting position for a given session to ensure the
CRT condition was performed appropriately. Two-minute rest was
provided after the warm-up before formal experimentation.

Written and verbal instructions were provided to participants before
CRT experimentation. Participants stood on one leg with the knee
straight on one of three steel platforms constructed for this study, either
flat (0° dorsiflexion), incline (10° dorsiflexion), or step (forefoot sup-
ported). Participants were instructed to bend their non-tested leg to 90°
knee flexion with their foot behind them. Participants were allowed to
place two fingertips of each hand on the wall in front of them at shoulder
height to assist with balance. They were instructed to perform as many
repetitions as possible. They needed to raise the heel as high as possible
and return to the start position for each repetition whilst keeping the
knee of the test leg straight. Participants were instructed to go “all the
way back down” in all conditions, including the step condition to
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encourage full range of dorsiflexion motion. Participants performed the
test at a frequency of 30 calf raises per minute, guided by a metronome
set to 60 beats per minute. Verbal encouragement was provided at
regular intervals throughout the test. Finally, the CRT was stopped when
participants could not maintain the pace, bent their test leg knee, moved
forward rather than upward, applied more than their fingertips to
maintain balance, or stopped due to fatigue (i.e., volitional cessation).
Two attempts to correct CRT form was allowed prior to test cessation.

2.5. Equipment

The CRT outcomes were recorded using the validated Calf Raise
application (CRgpp) [28] that uses computer-vision algorithms to track
the vertical displacement of a marker placed on the foot following
calibration to a known distance on the screen [18,28,29]. During testing,
the CR,pp was used to record videos at a sampling rate of 60 Hz on one
iPad Air device running iOS 14.1 (Apple, Inc., Cupertino, CA, USA). The
iPad was positioned 30 cm from the side of the tested foot on a metal
stand, which enabled the entire movement to be captured. To track the
vertical displacement during the CRT, a round black sticker sized 24 mm
was placed below the lateral malleolus. The test setup is illustrated in
Fig. 1.

To derive CRT outcomes, the recorded body mass of individuals was
entered into the application and the application was calibrated to the
diameter of the 24 mm round sticker placed on the foot of participants.
The computer-vision algorithms then tracked the vertical displacement
of the marker over time from the video recordings, where the initial
marker position in the first video frame defines a zero vertical position.
From the position curve, the following outcomes were extracted: num-
ber of repetitions (n); peak vertical height (cm) defined as the maximum
height of a single repetition from the initial position; total vertical
displacement (cm) defined as the sum of all positive displacement, and
total positive work (J) computed as the product of body mass, gravita-
tional acceleration (9.81 m/sz) and total vertical displacement. The total
positive work here reflects the total mechanical work completed during
the concentric phase of the CRT.

The application has demonstrated good-to-excellent validity of the
recorded outcomes against 3D motion capture and force plate data
(intraclass correlation coefficient > 0.963, coefficient of variation
<6.9 %) [18,29]. The CRapp has also demonstrated good-to-excellent
inter-rater, intra-rater, and test-retest reliability [18,29].

2.6. Statistical analyses

We used mixed-effects models (i.e., Poisson for repetitions and linear
models for peak vertical height, total vertical displacement, and total
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positive work) to examine the effect of foot starting position on CRT
outcomes, accounting for age, gender, BMI, and physical activity levels.
Further, upon checking the normality and heteroscedasticity of data, all
continuous outcomes were log-transformed to decrease the observed
heteroscedasticity. Hence, the estimates from the linear mixed-effects
models represent rate ratios.

In our models, participants were treated as nested random factors to
deal with the mixed-effects sampling scheme generated by individuals
being exposed to all three CRT conditions. In addition, gender, age, BMI,
and physical activity levels were entered as fixed factors. As a reference
for comparison, the flat (0° dorsiflexion) foot position and male gender
were set as reference for comparisons. The mixed-effects models were
able to address incomplete data. The mixed-effects framework accom-
modates for this variability by incorporating random effects, which al-
lows for estimation and consideration of within-subject differences
despite missing data for a given participant.

In stepwise regression, non-significant predictors were sequentially
removed from the initial model using the Bayesian information crite-
rion, maintaining the foot starting position factor. In post-hoc compar-
isons, 95 % confidence intervals [lower, upper] and P-values were
adjusted with the multivariate t-test distribution. The alpha level for all
statistical analyses was set a priori to P < 0.05. All data were processed
and analysed using R Core Team (2021) version 4.1.1 (2021-08-10)
[30], and the Ime4 package for mixed-effects models [31].

3. Results
3.1. Participants

All forty-nine recruited participants completed the study (29 females
and 20 males) and were aged 19 to 41 years. Their demographic data are
presented in Table 1. Their physical activity levels ranged from mod-
erate to high, with no participant presenting with low physical activity
levels. None of the participants were experiencing delayed onset muscle
soreness on their test leg when reporting for their subsequent experi-
mental session. All participants completed at least two of the three
testing sessions, but not all completed all three conditions (Table 2). All
available data were analysed.

3.2. CRT outcomes

Table 2 presents the CRT outcomes for each foot starting position.
Results from the mixed-effects models are shown in Table 3, with foot
starting position influencing the four CRT outcomes (P < 0.001). Post-
hoc comparisons revealed that all paired comparisons were statisti-
cally significant (Table 4, P < 0.023). Finally, Fig. 2 illustrates the

» ~
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©

Fig. 1. Calf raise test experimental set-up. a. Flat (0° dorsiflexion); b. Incline (10° dorsiflexion); c. Step (forefoot supported).
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Table 1
Demographic characteristics of the 49 participants as mean = standard
deviations.

Participants

Male Female All
Characteristics

n=20 n=29 n=49
Age (y) 20+2 22+5 21+ 4
Height (cm) 182 +8 168 £ 6 174 + 10
Mass (kg) 89 +21 69 £ 10 77 + 18
BMI (kg/m?) 2745 24+3 25+ 4
IPAQ low, moderate, high (n) 0,4,16 0,8,19 0,12, 35

Notes. Physical activity levels of participants based on IPAQ. Data for IPAQ
missing from two participants.

Abbreviations. BMI, body mass index; IPAQ, International Physical Activity
Questionnaire.

effects of the three starting positions and predictors on the CRT
outcomes.

The number of repetitions completed was significantly greater in the
flat, followed by incline and step position (Table 3, Fig. 2A). In addition,
males performed more repetitions than females (P = 0.021), as did in-
dividuals with lower BMI (P=0.002, Table 3, Fig. 2A).

Similar to repetitions, total vertical displacement and total positive
work were significantly greater in flat followed by incline and step
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(P < 0.023, Table 3, Fig. 2B, D). Moreover, males performed more work
than females (Table 3, Fig. 2D). Foot starting position also significantly
influenced peak vertical height, with the greatest height seen in the
incline position followed by flat and step (P < 0.002, Table 3, Fig. 2C).

3.3. Predictors

Other than gender and BMI significantly influencing the number of
repetitions, and gender influencing total positive work (Table 3); pre-
dictors did not significantly influence CRT outcomes and were removed
from corresponding mixed-effects models during stepwise regression.
Specifically, age and physical activity levels did not significantly influ-
ence any of the CRT outcomes and were hence removed from all mixed-
effects models during stepwise regression.

4. Discussion

This study clearly illustrates differences in CRT outcomes between
the three most common foot starting positions, thus supporting the hy-
pothesis that altering foot starting position affects the number of repe-
titions, total vertical displacement, peak vertical height, and total
positive work. In addition, gender and BMI significantly affected CRT
repetitions and gender affected total positive work, whereas age and
physical activity level did not influence any of the CRT outcomes in our
population.

Table 2
Descriptive summary of calf raise test outcomes as means =+ standard deviations by foot starting position from 49 participants.
Flat (0°DF) Incline (10°DF) Step (FFS)
Outcomes _— _— _—
n=43 n=48 n=46
Repetitions (1) 28 +8 22+7 18+ 8
Total vertical displacement (cm) 229 +70 211 +70 159 + 80
Peak vertical height (cm) 9.14+1.18 10.86 £ 1.36 8.44 +1.87
Total positive work (J) 1706 + 608 1571 + 599 1165 + 572
Notes. Not all 49 participants completed the three positions, as indicates the n presented under each position.
Abbreviations. DF = dorsiflexion. FFS = forefoot supported.
Table 3
Mixed-effects models that considered foot starting position, age, gender, BMI, and physical activity levels on CRT outcomes.
CRT outcomes Variables Estimates* [95 % CI] P-value
Repetitions (1) Positions < 0.001
Flat (0°DF) -
Incline (10°DF) 0.77 [0.70, 0.83]
Step (FFS) 0.61 [0.56, 0.67]
Gender 0.021
Male -
Female 0.83 [0.71, 0.97]
BMI 0.97 [0.95, 0.99] 0.002
Total vertical displacement (cm) Positions < 0.001
Flat (0°DF) -
Incline (10°DF) 0.88 [0.81, 096]
Step (FFS) 0.61 [0.56, 0.67]
Peak vertical height (cm) Positions < 0.001
Flat (0°DF) -
Incline (10°DF) 4.96 [3.16, 7.81]
Step (FFS) 0.45 [0.29, 0.72]
Total positive work (J) Positions < 0.001
Flat (0°) -
Incline (10°DF) 0.88 [0.81, 0.97]
Step (FFS) 0.62 [0.57, 0.82]
Gender < 0.001
Male -
Female 0.68 [0.57, 0.82]

Notes. Reference indicated with hyphen (-). Only significant predictors of CRT outcomes are reported, with the predictors of gender, BMI, physical activity levels, and

age removed during stepwise regression when not significant.

*Estimates represent rate ratios, where rate ratios lower than 1.00 indicate lower outcome values when compared to the reference condition. 95 % CI and P values

adjusted using multivariate t-test distribution.

Abbreviations. BMI = body mass index; CI = confidence interval; CRT = calf raise test; DF = dorsiflexion. FFS, forefoot supported.
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Table 4
Mixed-effects models post-hoc comparisons for the foot starting position.
CRT outcomes Variables (Comparison / Reference) Estimates* [95 % CI] P-value
Repetitions (n) Positions
Incline (10°DF) / Flat (0°DF) 0.77 [0.69, 0.85] < 0.001
Step (FFS) / Flat (0°DF) 0.61 [0.55, 0.69] < 0.001
Step (FFS) / Incline (10°DF) 0.80 [0.72, 0.90] < 0.001
Total vertical displacement (cm) Positions
Incline (10°DF) / Flat (0°DF) 0.88 [0.79, 0.98] 0.014
Step (FFS) / Flat (0°DF) 0.61 [0.55, 0.68] < 0.001
Step (FFS) / Incline (10°DF) 0.70 [0.63, 0.77] < 0.001
Peak vertical height (cm) Positions
Incline (10°DF) / Flat (0°DF) 1.18 [1.10, 1.26] < 0.001

Step (FFS) / Flat (0°DF)

Step (FFS) / Incline (10°DF)

Total positive work (J) Positions

Incline (10°DF) / Flat (0°DF)

Step (FFS) / Flat (0°DF)

Step (FFS) / Incline (10°DF)

0.90 [0.84, 0.97] 0.002

0.77 [0.72, 0.82] < 0.001
0.88 [0.79, 0.99] 0.023
0.62 [0.56, 0.69] < 0.001
0.70 [0.63, 0.78] < 0.001

Notes. *Estimates represent rate ratios, where rate ratios lower than 1.00 indicate lower outcome values when compared to the reference condition. 95 % CI and P

values adjusted using multivariate t-test distribution.

Abbreviations. CI = confidence interval; CRT = calf raise test; DF = dorsiflexion. FFS = forefoot supported.

The foot starting position is one of many CRT parameters identified
as variable in research and clinical settings, with the flat (0° dorsi-
flexion) foot position being the most common, followed by the incline
(10° dorsiflexion) position [3]. Although these foot starting positions are
common, no previous study has directly compared CRT outcomes be-
tween positions. Our results support that changing foot starting position
significantly influences CRT outcomes, which might partly explain the
variable normative values reported in the literature with regards to
repetitions [17] given the lack of use of a standardised protocol [3].
Indeed, performing the CRT from flat (0° dorsiflexion) [1,16] and
incline (10° dorsiflexion) [15] positions have both been used to establish
normative values, where the incline position may be considered more
functional than flat due to its greater range of motion. Overall, our re-
sults indicate that performing the CRT on the flat will yield a superior
number of repetitions, with 23 % and 39 % more repetitions compared
to on a 10° incline or with the forefoot on the edge of a step, respectively.
These differences should be considered when administering the CRT,
contrasting clinical outcomes to normative values, and comparing
literature using different protocols.

We also found that foot starting position influenced other CRT out-
comes (i.e., peak vertical height, total vertical displacement, and total
positive work), which were measured using a valid and reliable iOS
mobile application [29]. Although the primary outcome evaluated in
clinics is repetitions, Svantesson, Osterberg, Thomeé , and Grimby [32]
suggested to also assess peak height since lower heights could lead to a
greater number of repetitions as less work is required per repetition.
Additionally, from a clinical perspective, it is noteworthy that the
number of repetitions and peak height CRT outcomes are associated
with different physiological and structural factors [33]. Contractile tis-
sue and muscle endurance metabolism determine the number of repe-
titions [34], while tendon length moreover determines peak height [35].
These TS muscle-tendon unit properties together influence the total
vertical displacement and work performed [2,32].

Furthermore, research supports that peak height and work are more
sensitive outcomes than repetitions in presence of pathology and func-
tional deficits [33,35,36]. Overall, our study indicates that performing
the CRT on the flat yields a superior total vertical displacement and
positive work, with 12 % and 38-39 % greater values than from a 10°
incline or with the forefoot on the edge of a step, respectively. Peak
vertical height, however, was greatest on the 10° incline, being 18 %
and 15 % greater than from flat or step conditions. Again, these dis-
crepancies in outcomes highlight how test protocol can affect outcomes,
which warrant clinical and research consideration.

Repetitions, total vertical displacement, and total work were the
greatest in the plantigrade (flat) foot starting position, and the lowest
from the step. Although our study did not measure muscle fibre length
using ultrasound, ankle torque using inverse dynamics, or muscle ac-
tivity using electromyography (EMG), changes in ankle position have
been shown to affect muscle length, torque values, and EMG [21] due to
the length-tension relationship [21,37]. Sale, Quinlan, Marsh, McCo-
mas, and Belanger [21] reported that increasing ankle dorsiflexion
lengthens the TS muscles and increases plantarflexion torque, which
could presumably increase the number of repetitions, total vertical
displacement, and total work outcomes from the CRT performed on an
incline or step compared to flat. However, increasing ankle range of
motion during plantarflexion efforts also increases the contraction time
and EMG activation of the TS muscles [21], thus potentially leading to
an earlier onset of muscle fatigue and CRT termination. An inclined
surface and a step require greater ranges of motion and stabilisation
throughout that range than from flat, with greater work demands [38]
and TS activation [39], and potentially greater functional relevance. The
ankle joint moments [40] and vertical mechanical loads are also greater
for incline and step than flat variants. When completing repetitive calf
raises, the intrinsic and extrinsic foot muscles are required to support the
foot and generate the midfoot and ankle joint moments needed to
perform the calf raise motion [40,41]. As the CRT was executed to the
same pace across foot starting positions, the time during which the heel
was in contact with a supporting surface between repetitions was
speculatively greatest in the flat variant, followed by the incline con-
dition. In the step condition, the heel was never in contact with a sup-
porting surface; hence, the muscles were presumably always contracted
and the time under tension was greatest, leading to earlier muscle fa-
tigue and lesser repetitions and positive work. All these factors point to
quicker muscle fatigue in the incline and step conditions, resulting in
lower CRT outcomes in comparison to the flat condition.

Presumably, peak height should have been greatest in the step con-
dition due to an increased range of ankle motion, which was not the
case. This finding is likely due to participants not starting in full dorsi-
flexion range of motion in the step (forefoot supported) condition
despite instructions. As the CRypp takes the marker position in the first
video frame as defining a vertical position of zero, the 10° incline con-
dition often resulted in a greater range of calf raise motion and peak
height than the step condition as the ankle was visibly in greater dor-
siflexion. Furthermore, participants had a tactile end point to return to
in the incline condition compared to the step condition, encouraging
them to return to a dorsiflexed position. Therefore, for repeatable and
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Fig. 2. Figures illustrating the effects of the three foot starting positions on calf raise test outcomes. A. Number of repetitions, B. Total vertical displacement, C. Peak
vertical height, and D. Total positive work. Data are presented as linear graphs or dot plots with mean and standard deviation values. Abbreviations. BMI = body mass

index. DF = dorsiflexion. FFS = forefoot supported.

functional assessment, the incline condition can be recommended.
Range of motion during testing was not actively monitored as part of this
investigation, which could have confirmed these observations.

Females performed fewer repetitions than males (17 %). This gender
difference aligns with previous studies [16] and general physiology,
wherein females exhibit lower strength levels, cross-sectional area of the
TS muscles, and plantarflexor torque than males [16,42-44]. However,
some studies[45,46] found no gender-specific differences in repetitions
performed during the CRT. It is debatable whether the 17 % difference
(three to five repetition) we found is clinically meaningful given that six
repetitions typically defines the minimal detectable change based on
test-retest data [15]. In agreement with a prior study [18], we also found
that BMI affected the number of repetitions, wherein a one unit increase
in BMI resulted in a 3 % decrease in repetition. Individuals with an
increased BMI are at a biomechanical disadvantage during the CRT due
to the need to support additional body mass against gravity, which may
lead to earlier TS muscle fatigue. These findings align with research
indicating poorer musculoskeletal [47], fitness [48], and muscular
endurance [49] outcomes in individuals with greater BMI. However,
BMI did not affect the total work metric likely due to body mass being
accounted for in the work computations.

In contrast to prior studies finding age and physical activity levels
influencing CRT repetitions [15,16,45], these predictors did not influ-
ence any of the CRT outcomes in our population. Our population had a
relatively narrow age range and were all engaged in moderate-to-high
levels of physical activity based on the short form IPAQ; hence, this
homogeneity would have reduced data variability and potentially
affected our results. This homogeneous nature of our population may
limit the generalisability of our findings to a broader population. As
accounting for the potential influence of predictors on CRT outcomes

was secondary to examining the effect of foot starting position, we did
not specifically design the study to examine the effects of predictors on
CRT outcomes, but rather incorporated them as covariates.

Our study has limitations. First, the findings are based on a sample of
healthy young adults, which limits their generalisability to clinical
populations and across age groups. Future research examining the ef-
fects of foot position in pathological conditions and broader populations
is warranted to promote evidence-based practice using this assessment
tool. Nevertheless, this study provides a starting point for further
research into the effects of foot starting position on CRT outcomes, with
implications for individuals with weakness of the plantarflexors.
Further, the step condition was meant to involve full dorsiflexion range,
with participants not reaching full dorsiflexion based on our video ob-
servations. We did not standardise or quantify each participant’s full
range of motion or monitor range of motion during testing. Hence, we
cannot define precisely how much dorsiflexion affects CRT performance.
Finally, we can only make inferences to muscle activity, fatigue levels,
and muscle fibre length as EMG and ultrasound were not used.

5. Conclusions

Significant differences between the three most common foot starting
positions of the CRT were found in the number of repetitions, peak
vertical height, total vertical displacement, and total positive work.
Interpretation of CRT outcomes and between-study comparisons need to
consider foot position. Among the predictors, gender and BMI signifi-
cantly influence the number of repetitions and total positive work,
whereas age and physical activity levels did not influence any of the CRT
outcomes. The latter result might have stemmed from the homogeneity
of participants. To provide evidence-based practice in terms of clinical
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decision-making, future research is recommended to examine the effects
of varying CRT foot starting positions in pathological and other pop-
ulations, such as paediatric and elderly.

Brief summary
What is already known.

e The calf raise test is used to assess triceps surae muscle function in
clinic and research.

e The test involves performing repeated concentric and eccentric
plantarflexion contractions in unilateral stance until fatigue (i.e.,
volitional cessation).

There is no consensus protocol used to administer the calf raise test
despite its common use, which may influence test outcomes and
interpretation.

What this study adds.

e Varying the foot starting position (flat, 10° incline, step) significantly
affected calf raise test outcomes.

Repetitions, peak height, total displacement, and total work were
greater when the foot started from flat than a 10° incline or step.
Repetitions were higher in males and individuals with lower body
mass index, as was total work in males.
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