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devices to measure unilateral CRT outcomes (i.e., number of repetitions, work,
height) were included.

Results: Thirty-five studies met inclusion, from which seven CRT devices were
identified. Linear encoder (n = 18) was the most commonly used device, followed by
laboratory equipment (n = 6) (three-dimensional motion capture and force plate).
These measured the three CRT outcomes. Other devices used were electro-
goniometer, Haggmark and Liedberg light beam device, Ankle Measure for Endur-
ance and Strength (AMES), Haberometer, and custom-made. Devices were mostly
used in healthy populations or Achilles tendon pathologies. AMES, Haberometer,
and custom-made devices were the most clinician-friendly, but only quantified
repetitions were completed. In late 2022, a computer vision mobile application
appeared in the literature and offered clinicians a low-cost, research-grade
alternative.

Conclusion: This review details seven devices used to measure CRT outcomes. The
linear encoder is the most common in research and quantifies all three CRT out-
comes. Recent advances in computer-vision provide a low-cost research-grade

alternative to clinicians and researchers via a n iOS mobile application.
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1 | INTRODUCTION

The unilateral calf raise test (CRT) is a clinical tool that assesses calf
muscle-tendon unit function (Hébert-Losier et al., 2009). The test
requires individuals to go up on their toes and back down as many
times as possible standing on one leg and therefore requires repetitive
concentric-eccentric actions of the ankle plantar flexors until voli-
tional cessation. Clinicians document the total number of repetitions
achieved as the primary outcome (Hébert-Losier et al., 2009; Luns-
ford & Perry, 1995; Ross & Fontenot, 2000). The CRT is therefore
considered a clinical-friendly method to assess calf muscle-tendon
unit function that requires neither specialised equipment nor much
time or space, which is advantageous for field-based and in-clinic
testing (André et al., 2016; Haber et al., 2004). The CRT is used
across disciplines, such as paediatrics (Maurer et al., 2007), cardiology
(Monteiro et al., 2013), neurology (Svantesson, Osterberg, Grimby, &
Sunnerhagen, 1998), orthopaedics (J. A. Zellers et al., 2020), and
geriatric (André et al., 2018). However, Sman et al. (2014) advanced
that using a standardised CRT device and protocol across individuals
would be ideal to monitor and replicate outcomes. In science, re-
searchers commonly use devices to assist in standardising the test
protocol and quantify additional outcomes other than the number of
repetitions completed (Cibulka et al., 2017; Pereira, Schettino,
Machado, da Silva, & Neto, 2010; Van Cant et al., 2017).

Indeed, aside from the number of calf raises performed, other CRT
measures are considered key outcomes and indicators of function; for
example, total (concentric) work and maximum calf raise height during
the CRT are markers of functional recovery post Achilles tendon
rupture (ATR) (Byrne et al., 2017; Silbernagel et al., 2010; J. A. Zellers
et al., 2020). More specifically, the amount of work completed during
the CRT has been shown to be a more sensitive metric in the presence
of ATR than the number of repetitions (Silbernagel et al., 2010), where
work is computed considering calf raise height and body mass dis-
placed during repetitions. Given that work considers the positive
displacement of each repetition during the CRT, this measure is
deemed scientifically more rigorous and accurate than the number of
repetitions to quantify calf muscle-tendon unit endurance (Byrne
et al, 2017). In terms of peak height during the CRT, this measure
expressed as a ratio of the involved to uninvolved limb (i.e,, limb
symmetry index) at 6-months post ATR predicted patient-reported
symptoms and physical activity levels at 12-months as quantified us-
ing the Achilles tendon Total Rupture Score (Olsson et al., 2014).
Furthermore, both total work and peak height during the CRT have
been identified as more sensitive metrics of residual impairments than
the total number of repetitions at 6- and 12-months post ATR. Spe-
cifically, repetitions identified the percentage of patients with normal
function (defined as the limb symmetry index reaching 90% or higher)
as 38% and 63% at 6- and 12-months, respectively. Comparatively,
these figures based on the limb symmetry index were 9% and 23%
when considering total work, and 6% and 22% when considering peak
height (Silbernagel et al., 2010).

Hence, total work and peak height during the CRT are

deemed important measures of calf muscle-tendon unit function

(Nordenholm et al., 2022; J. A. Zellers et al., 2020). These CRT
metrics cannot be quantified clinically without a device. However,
clinicians typically only count the number of repetitions as the
primary outcome. This narrative review aimed to provide an over-
view of the CRT devices used in the scientific literature to measure
CRT outcomes, namely the number of repetitions, peak height, and
total work performed. This review focused on the design, reli-
ability, concurrent validity, and perceived strengths and limita-
tions of these devices for clinical use. It is anticipated that this
narrative review will provide practitioners with a clear under-
standing of CRT devices potentially available to them for quanti-

fying outcomes.

2 | METHODS
2.1 | Search strategy

Even though a narrative review was planned, a systematic process
aligning with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (Page et al., 2021) was applied. A systematic
electronic search was conducted on April 9th, 2022, in the following
databases: Cochrane, PubMed®, Scopus, Sports Medicine & Educa-
tion Index, and SPORTDiscus. The search terms used were “calf
raise”, “heel raise”, “heel rise”, “test$”, and “eval$”. The Boolean op-
erators “OR” and “AND” were used to combine the search terms.
When available, search limiters applied included peer-reviewed
journal articles, the English language, and humans. The searches
implemented for each database are provided in the supplementary
materials (Supplemental File S1). References of all studies meeting
inclusion criteria were screened to identify additional relevant
studies that might have been missed.

The search results were imported into Endnote 20 (Clarivate
Analytics, Boston, USA). After removing duplicates, all titles and
abstracts were transferred to Rayyan (Qatar Computing Research
Institute, Qatar), a free web application for systematic reviews
(Ouzzani et al., 2016). In Rayyan, titles and abstracts were
screened against the inclusion criteria. The inclusion criteria were
scientific peer-reviewed original research of any analytical study
design (i.e., observational or experimental) as defined by the Ox-
ford Centre for Evidence-Based Medicine (i) published in English;
(i) that used the unilateral CRT (i.e., repeated concentric-eccentric
plantar-flexor actions in unilateral stance to volitional cessation);
and (iii) measured CRT outcomes using equipment (e.g., motion
capture system, force plate, linear encoder, custom devices, or any
other device). Exclusion criteria were (i) editorials, commentaries,
discussion papers, conference abstracts, and reviews; (ii) studies
that did not describe their methods; and (iii) studies where uni-
lateral CRT outcomes to volitional cessation were not assessed. All
studies that met inclusion were retrieved in full text, and their
eligibility criteria were assessed. A single reviewer (XXXX) con-
ducted all the screenings, which was verified by a second reviewer
(XXXX).
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2.2 | Data extraction and synthesis

Relevant information was extracted from each included paper in a
custom-made Excel (Microsoft Office, Microsoft, Redmond, WA,
USA) data extraction form. The following data were extracted from
each study: authors, publication year, study location (based on where
data were collected when stated explicitly or institutional ethics
approval), study aims, participant characteristics (i.e., healthy or
pathologic population, age, gender, body mass, and height), CRT de-
vice, and CRT outcomes (i.e., number of repetitions, peak height, and
work). In addition, data on the reliability of the identified CRT devices
(i.e., test-retest, intra-rater, and inter-rater) and their concurrent
validity (i.e., agreement of outcomes between devices) were extrac-
ted. Any stated strengths and limitations of devices were also
extracted. A single reviewer (RF) extracted all data, and a second
reviewer (KHL) verified the completeness of extraction.

Data are summarised using tables for the characteristics of the
reviewed studies, reliability and concurrent validity properties, and
perceived strengths and limitations of the CRT devices for clinical
use. The reliability and concurrent validity of devices were deemed
excellent, good, moderate, and poor when corresponding intraclass
correlation (ICC) values were >0.90, >0.75 to 0.90, between 0.50 and
0.75, and <0.50 (Portney, 2020). Additionally, it was possible to
group CRT devices under thematic headings; therefore, devices are
presented thematically using a narrative synthesis format. No risk of
bias assessment was undertaken as it was not relevant to the aims of

this review.

3 | RESULTS
3.1 | Selection of studies and study characteristics

Figure 1 presents a flowchart of the screening and selection pro-
cesses. Thirty-five articles met inclusion criteria and were included in
the narrative synthesis. The individual study characteristics are
presented in Table 1.

3.2 | Calf raise test measuring devices

It was possible to thematically group CRT devices into seven cate-
gories: Haggmark and Liedberg's light beam electronic device; elec-
trogoniometer; laboratory-based devices—three-dimensional (3D)
motion capture and force plate (used separately or together); Hab-
erometer, linear encoder; Ankle Measure for Endurance and Strength
(AMES); and a custom-made device. The timeline of the first use of
these devices in the scientific literature is presented in Figure 2.
Furthermore, the reliability and concurrent validity of the CRT de-
vices are summarised in Table 2, and their perceived strengths and

limitations from a clinical perspective are outlined in Table 3.

Of all the measuring devices, the linear encoder was used most
frequently in studies (n = 18, 51.4%) (Andreasen et al., 2020; Arch
et al., 2018; Annelie Brorsson et al., 2018; A. Brorsson et al., 2021; A.
Brorsson et al., 2017; Byrne et al., 2017; Hamrin et al., 2020; Nor-
denholm et al., 2022; Olsson et al., 2014; Silbernagel et al., 2015; Sil-
bernagel et al., 2006; Silbernagel et al., 2010; Silbernagel et al., 2012;
Svensson et al., 2019; Westin et al., 2018; Zellers et al., 2018; J. A.
Zellers et al., 2020; J. A. Zellers et al., 2017), followed by a 3D motion
capture with (n = 4, 11.4%) (Hébert-Losier et al., 2011; Hébert-Los-
ier & Holmberg, 2013; Nawoczenski et al., 2016; Tengman et al., 2015)
or without (n = 2, 5.7%) (Hébert-Losier et al., 2011, 2012) force plate.
Four studies (11.4%) used the electrogoniometer alone (Jan
et al., 2005; Lunsford & Perry, 1995; Svantesson, Osterberg, Grimby, &
Sunnerhagen, 1998; Svantesson, Osterberg, Thomeé, et al., 1998)
three studies (8.5%), used the AMES (DeWolf et al., 2018; Sman
et al,, 2014; Van Cant et al., 2017), and two studies (5.7% each) used
the Hiaggmark and Liedberg light beam electronic device (Haggmark
et al.,, 1986; Moller et al., 2005) and Haberometer (Haber et al., 2004;
Pereira et al., 2010). Finally, one study (2.9% each) used the force plate
with an electrogoniometer (Osterberg et al., 1998), 3D motion capture
with a linear encoder (Andreasen et al., 2020), and a custom made CRT
device (Sara et al., 2021), as reported in Table 1. These devices were
used most often in studies to examine Achilles tendon pathologies
(n =18, 51.4%) (Andreasen et al., 2020; Annelie Brorsson et al., 2018;
A. Brorsson et al, 2021; A. Brorsson et al., 2017; Haggmark
et al.,, 1986; Hamrin et al., 2020; Nawoczenski et al., 2016; Norden-
holm et al., 2022; Olsson et al., 2014; Silbernagel et al., 2015; Silber-
nagel et al., 2006; Silbernagel et al., 2010; Silbernagel et al., 2012;
Svensson et al., 2019; Tengman et al., 2015; Westin et al., 2018; Zel-
lers et al., 2018; J. A. Zellers et al.,, 2020) and healthy populations
(h = 17, 48.6%) (Arch et al, 2018; Byrne et al., 2017; DeWolf
et al., 2018; Haber et al., 2004; Hébert-Losier & Holmberg; Hébert-
Losier et al., 2012; Hébert-Losier et al., 2011; Jan et al,, 2005; Luns-
ford & Perry, 1995; Méller et al., 2005; Osterberg et al., 1998; Pereira
et al,, 2010; Sara et al,, 2021; Sman et al.,, 2014; Svantesson, Oster-
berg, Grimby, & Sunnerhagen, 1998; Svantesson, Osterberg,
Thomeé, et al.,, 1998; J. A. Zellers et al., 2017) but in one study each
(2.9%) for specific musculoskeletal [patellofemoral pain (Van Cant
et al,, 2017)] or medical [stroke (Svantesson, Osterberg, Grimby, &
Sunnerhagen, 1998) and deep vein thrombosis (Haber et al., 2004)]

conditions.

3.2.1 | Haggmark and Liedberg's light beam
electronic device

In 1986, Haggmark and Liedberg reported using a light beam elec-
tronic device for measuring fatigue resistance in the calf muscles in
ATR individuals (Hiaggmark et al, 1986). Specifically, they con-
structed a device with a light beam attached to vertical rods at a fixed
height of 5 cm (Figure 2). Participants needed to lift their heels over
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FIGURE 1 Flowchart of the search strategy and the selection process.

the light beam to the sound of a metronome that controlled and
monitored their pace. When the 5 cm heel target was reached, the
device emitted an audible signal to assist the researchers track the
number of repetitions. Moller et al. (2005) developed a modified
version of this device and tested it in healthy individuals, adding a
foot block to prevent the foot from sliding during testing and to
enhance participant safety (Moller et al., 2005). The test-retest reli-
ability of the main outcome (i.e,, number of repetitions) was good
when performed a week later in healthy individuals (Mdller et al.,
2005) (Table 2). One limitation of this device is that it requires
electricity to function, which makes using the device in remote areas
or in field settings challenging (Méller et al., 2005; Sman et al., 2014).
Furthermore, this device is not available for purchase, and only

monitors the number of repetitions.

3.2.2 | Electrogoniometer

Researchers and clinics use electrogoniometers to measure joint
movement (Bronner et al., 2010; Shamsi et al., 2019). A sensor is
positioned over the joint centre of rotation. In comparison to motion
analysis, the electrogoniometer has a high level of reliability and
validity (Bronner et al., 2010).

The electrogoniometer was first used by Lunsford and
Perry (1995) during the CRT in healthy individuals to determine the
criterion for normal CRT performance. The recorded plantar-flexion
ankle measurements were used to quantify the number of repeti-
tions as well as to determine when the test should end based on the
ankle plantar-flexion range of motion decreasing by more than 50%
from the initial range (Lunsford & Perry, 1995). Jan et al. (2005) used
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TABLE 1 Summary of articles reviewed (n = 35).

Authors (year
of publication)
Country

Andreasen et al. (2020)
Denmark

Arch et al. (2018)
USA

Purpose

To evaluate the concurrent validity of

the heel-rise work test performed
with use of the heel as surrogate
for centre of body mass.

To evaluate the relationship between

gait and clinical measures of
plantar flexor function for
individuals with no neuromuscular
injuries or diseases.

A. Brorsson et al. (2021) To evaluate the possible differences in

Sweden

Annelie Brorsson
et al. (2018)
Sweden

foot structure between the injured
and the healthy limb and between
treatment groups 6 years after an
ATR.

To evaluate calf muscle performance

and patient reported outcomes at
least 5 years after an ATR in
patients included in a prospective,
randomised controlled trial.

A. Brorsson et al. (2017) To explore differences in ankle

Sweden

Byrne et al. (2017)
UK

DeWolf et al. (2018)
USA

biomechanics, calf muscle
recovery, tendon length, and
patient-reported outcome
measurements at a mean of

6 years after ATR between two
groups with less than 15% and
greater than 30% differences in
heel-rise height at 1-year follow-
up, respectively.

To measure and compare the

intrarater test-retest reliability
and measurement agreement of
the three heel raise endurance test
outcome measures in healthy adult
during a standardised and
computerised heel raise endurance
test employing a linear
displacement sensor.

To objectively compare

musculoskeletal attributes of pre
pointe and recently end pointe
ballet dancers to identify
differences between those cohorts
and secondarily to investigate ant

Participants

Sample: 45 patients with ATR (36
males, 9 females)

Age:41 + 9y

Height: NR

Mass: NR

Sample: 24 healthy (15 males, 9
females)

Age: 43.6 + 245y

Height: 1.74 + 0.08 m

Mass: 78.7 + 11.8 kg

Sample: 90 patients with ATR

Surgery

Sample: 36 males, 9 females
Age: 50 + 9y

Height: NR

Mass: NR

Non-surgery

Sample: 39 males, 6 females
Age: 48 + 9y

Height: NR

Mass: NR

Sample: 66 patients with ATR (53
males, 13 females)

Age: 50 + 85y

Height: 178 4+ 9.7 cm

Mass: 85.9 + 13.5 kg

Sample: 34 patients with ATR

ATR <15% difference in heel-rise
height

Sample: 15 males, 2 females

Age:40+ 5y

Height: NR

Mass: NR

ATR >30% difference in heel-rise
height

Sample: 16 males, 1 female

Age: 56 + 9y

Height: NR

Mass: NR

Sample: 38 healthy individuals
(18 males, 20 females)

Age: 22.7 + 313y

Height: 1.73 + 0.104 m

Mass: 74.9 + 15.1 kg

Sample: 49 healthy females

Pre-pointe

Sample: 28 females

Age: 10.21 + 117y
Height: 124.05 4+ 13.45 cm

Device

Linear encoder

Laboratory-based
equipment (3D

MOCAP)

Linear encoder

Linear encoder

Linear encoder

Linear encoder

Linear encoder

AMES

WILEY__|__ 52

CRT
outcomes

Work

Number of
repetitions

Number of

repetitions
Peak height
Work

Number of
repetitions
Peak height

Number of
repetitions
Peak height

Number of

repetitions
Peak height
Work

Number of
repetitions

(Continues)
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TABLE 1 (Continued)

Authors (year
of publication) CRT
Country Purpose Participants Device outcomes

relationships between the Mass: 39.13 + 13.18 kg
resulting quantitative measures
and a qualitative pointe success Pointe

appraisal completed by each Sample: 21 females
dancer's experienced ballet Age: 1142 + 081y
teacher. Height: 136.91 4+ 16.04 cm
Mass: 40.79 + 8.77 kg
Haber et al. (2004) To assess the reliability of a protocol Short term test-retest group (30 min) Haberometer Number of
Canada using an apparatus specifically and Intermediate term group repetitions
designed to standardised the (48 h)
standing heel raise test for triceps Sample: 40 healthy individuals (19
surae muscle fatigability on a males, 21 females)
healthy group of subjects without Age: 24 y (range 17-63)
a current injury. Height: NR
Mass: NR

Long term test-retest group (7 days)

Sample: 38 patients with deep vein
thrombosis (21 males, 16 females);
unaffected side tested

Age: 51 y (range 25-76)

Height: NR
Mass: NR
Haggmark et al. (1986) To compare the muscle function in a  Surgical ATR group (10 males, 5 Haggmark and Liedberg Work
Sweden group of patients with ATR treated females) light beam electronic
with surgery versus a group of Age: 35. 5 y (range 23-59) device

patients treated non-operatively  Height: NR
with a follow up time of three to  Mass: NR

5 years.
Non- surgical ATR group (6 males, 2
females)
Age: 34. 9 y (range 25-55)
Height: NR
Mass: NR
Hamrin et al. (2020) To determine patient-related and Sample: 285 patients with ATR (238 Linear encoder Number of
Sweden treatment related predictors of males, 47 females) repetitions
superior and inferior function in  Age: 40.0 + 84 y Peak height
sport and recreational activities Height: 178.4 + 8.3 cm Work
1 year after an ATR. Mass: 83.3 + 13.1 kg
Hébert-Losier To investigate with surface EMG the Sample: 48 healthy individuals Laboratory-based Number of
et al. (2012) influence of knee flexion angles on equipment (3D repetitions
New Zealand the soleus, medial gastrocnemius  Younger males MOCAP) Peak height
and lateral gastrocnemius fatigue Sample: 12 males Work
during the maximal numbers of Age: 224 + 18y
unilateral heel raises. Height: 177.4 + 5.6 cm

Mass: 71.7 + 10.2 kg

Younger females
Sample: 12 females
Age: 227 + 20y
Height: 165.1 + 4.2 cm
Mass: 61.1 + 10.7 kg

Middle aged males
Sample: 12 males

Age: 411 £ 31y
Height: 177.7 + 5.6 cm
Mass: 81.7 + 14.9 kg
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TABLE 1 (Continued)

Authors (year
of publication)
Country

Hébert-Losier
et al. (2011)
New Zealand

Hébert-Losier and
Holmberg (2013)
Sweden

Jan et al. (2005)
Taiwan

Purpose

To provide an estimate of the ability of
a healthy population to maintain
0° and a 30° knee flexion angle
during knee extension heel raise
test and knee flexion heel raise
test, by investigating the average
knee angle maintained and the
absolute angular error in knee
flexion position during the two
versions.

To characterise and compare the
biomechanics and clinical
outcomes of the single legged heel
raise test performed on an incline
with the knee straight and bent
while considering age and sex as
cofounders.

To investigate the number of
repetitions of the one-leg heel-rise
test required for normal plantar-
flexor strength in different groups
of subjects categorized by age and
sex.

Participants

Middle aged females
Sample: 12 females
Age: 415 + 34y
Height: 166.5 + 8.1 cm
Mass: 66.6 + 10.3 kg

Sample: 17 healthy individuals (9

males, 8 females)
Age: 25.6 + 4.6y
Height: 172.4 + 9.3 cm
Mass: 71.1 + 10.0 kg

Sample: 48 healthy individuals

Males

Sample: 28 males
Age: 38 + 12y
Height: 169 + 7 cm
Mass: 82 + 9 kg

Females

Sample: 20 females
Age: 41 + 11y
Height: 169 + 8 cm
Mass: 69 + 9 kg

Sample: 180 healthy individuals

Males 21-40y

Sample: 30 males

Age: 29.0 - 48y
Height: 169.7 + 6.1 cm
Mass: 69.7 + 8.0 kg

Males 41-60y

Sample: 30 males

Age: 50.2 + 49y
Height: 167.2 + 5.4 cm
Mass: 67.0 + 8.0 kg

Males 61-80

Sample: 30 males

Age: 69.0 - 40y
Height: 166.3 + 5.4 cm
Mass: 66.5 + 6.5 kg

Females 21-40y
Sample: 30 females
Age: 30.3 + 49y
Height: 160.5 + 3.9 cm
Mass: 52.4 + 5.5 kg

Females 41-60y
Sample: 30 females
Age: 499 + 10y
Height: 157.0 + 6.0 cm
Mass: 57.9 + 9.2 kg

CRT
Device outcomes
Laboratory-based Number of
equipment (3D repetitions
MOCAP) Peak height
Laboratory-based Number of
equipment (3D repetitions
MOCAP and force Peak height
plate)
Electrogoniometer Number of
repetitions

(Continues)
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TABLE 1 (Continued)

Authors (year
of publication)
Country

Lunsford and
Perry (1995)
USA

Méller et al. (2005)

Canada

Nawoczenski
et al. (2016)
USA

Nordenholm
et al. (2022)
Sweden

Olsson et al. (2014)

Sweden

Osterberg et al. (1998)

Sweden

Pereira et al. (2010)

Brazil

FERNANDEZ and HEBERT-LOSIER

Purpose

To further refine the standing heel-

rise test by assessing the number
of heel-rises that can be
accomplished by both male and
female.

To evaluate the test-retest intra tester

reliability of isokinetic
measurements in three different
positions for ankle plantar flexion
and dorsi flexion torque
production and to evaluate calf
muscle endurance with a
standardised heel raise test.

To investigate muscle performance

(ankle plantarflexion power and
endurance) during functional tasks
and patient-reported outcomes
following an isolated
gastrocnemius recession for
individuals with recalcitrant
achilles tendinopathy and an
isolated gastrocnemius
contracture.

To evaluate the one-year

postoperative outcomes in
patients with chronic ATR using a
comprehensive battery including
several validated tests.

To investigate predictors of both

symptomatic and functional
outcomes for both symptoms and
function after ATR.

To measure the torque influencing the

ankle joint during a standing heel
raise test from force plate to
calculate work during the test.

To investigate the amplitude and sub-

100 Hz frequency content of

Participants

Females 61-80
Sample: 30 females
Age: 69.1 + 4.1y
Height: 154.9 + 5.2 cm
Mass: 58.8 + 5.5 kg

Device

Sample: 203 healthy individuals (122 Electrogoniometer

males, 81 females)

Males

Sample: 122 males
Age: 347 + 85y
Height: 178.9 + 7.9 cm
Mass: 79.7 + 11.5 kg

Females

Sample: 81 females
Age: 293+ 5y
Height: 164.8 + 6 cm
Mass: 60 + 8.6 kg

Sample: 10 healthy males

Age: 37 y, range: 31-43

Height: 184 cm, range: 172-195
Mass: 88 kg, range: 75-98

Sample: 24 participants
Gastrocnemius recession group
8 males, 6 females

Age: 528 + 79y

Height: 1.7 - 0.7 m

Mass: 92.3 + 15.5 kg

Control group

Sample: 5 males, 5 females
Age: 53.3 £ 33y

Height: 1.7 + 1.0 m

Mass: 84.0 + 16.1 kg

Sample: 22 patients with ATR (14
males, 8 females)

Age: 61+ 15y

Height: 173 £ 9 cm

Mass: 85 + 15 kg

Sample: 93 patients with ATR (79
males, 14 females)

Age: 39.7 + 93y

Height: 179 + 8 cm

Mass: 84 + 12 kg

Sample: 10 healthy males
Age: 25 + 3y

Height: 179 + 3 cm
Mass: 76 + 7 kg

Sample: 22 healthy individuals (14

males, 8 females)

Haggmark and Liedberg
light beam electronic
device (modified)

Laboratory-based
equipment (3D
MOCAP and force
plate)

Linear encoder

Linear encoder

Laboratory-based
equipment (force plate)
Electrogoniometer

Haberometer

CRT
outcomes

Number of
repetitions

Number of
repetitions

Work

Number of

repetitions
Peak height
Work

Peak height

Number of
repetitions
Work

Number of
repetitions
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TABLE 1 (Continued)

Authors (year
of publication)
Country

Sara et al. (2021)
USA

Silbernagel et al. (2006)
USA

Silbernagel et al. (2010)
USA

Silbernagel et al. (2012)
USA

Silbernagel et al. (2015)
USA

Purpose

surface EMG signals obtained from
several muscles during the
lowering and raising phases of a
heel-raise task performed until
failure.

To determine (1) associations between
standing heel raise test repetitions
and measures of maximal plantar
flexion strength, assessed as
baseline maximal voluntary
isometric contraction, (2)
associations between standing
heel raise test repetitions and the
reduction in maximum voluntary
isometric contraction following the
standing heel raise test, and (3)
whether sex differences exist in
performance of the standing heel
raise test.

To evaluate if achilles tendinopathy
caused functional deficits on the
injured side compared with the
non-injured side in patients.

To examine this heel-rise test (that
evaluates the height of each heel-
rise along the number of
repetitions) to evaluate its validity
and ability to detect differences in
outcome and to compare this test
to the test that will be only
measures of ankle range of motion
and patient-reported outcome.

To evaluate if differences in heel raise
height are associated with
differences in achilles tendon
length after an ATR.

To evaluate whether there are any
differences in outcome between
men and women after an acute
ATR.

Participants Device

Age: 21+ 1y
Height: 171 + 2 cm
Mass: 65 + 2 kg

Sample: 28 healthy individuals

14 males

Age: 215 + 8y
Height: 1.81 + 0.08 m
Mass: 79.4 + 10.3 kg

14 females

Age: 211+ 9y
Height: 1.66 + 0.07 cm
Mass: 64.0 + 10.8 kg

Sample: 42 patients with achilles Linear encoder
tendinopathy (23 males, 19
females)

Age: 26 + 8y

Height: 178 + 8 cm

Mass: 74.9 + 15.1 kg

Sample: 78 patients with ATR (65 Linear encoder
males, 13 females)

Age:42 + 9y

Height: 178 + 9 cm

Mass: 85 + 13 kg

Sample: 18 participants Linear encoder
Controls

7 males, 3 females

Age: 28 + 8y

Height: 177 + 13 cm

Mass: 73 + 16 kg

Acute complete ATR
5 males3 females
Age: 46 + 13y
Height: 176 + 7.7 cm
Mass: 83 + 13 kg

Sample: 182 patients with ATR Linear encoder
Surgical

Sample: 76 males, 18 females

Age: 40 + 10y

Height: NR

Mass: NR

Nonsurgical

Sample: 76 males, 12 females
Age: 39 + 14y

Height: NR

Mass: NR

Custom-made device

WILEY__|__ %2

CRT
outcomes

Number of
repetitions

Number of
repetitions
Work

Number of

repetitions
Peak height
Work

Number of
repetitions
Peak height

Peak height
Work

(Continues)
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TABLE 1

(Continued)

Authors (year

FERNANDEZ and HEBERT-LOSIER

of publication) CRT

Country Purpose Participants Device outcomes

Sman et al. (2014) To document the construction and Sample: 40 healthy individuals (21 AMES Number of

Australia reliability of the AMES device. males, 19 females) repetitions

Age: 24 + 6.2y
Height: 174 + 12.3 cm
Mass: 68 + 9.3 kg

Svantesson, Osterberg, To investigate the fatigue process of Sample: 10 healthy women. Electrogoniometer Number of
Thomeé, and the gastrocnemius and soleus Age: 24 + 3y repetitions
Grimby (1998) muscles separately in a standard  Height: 167 &+ 4 cm Work

Sweden heel raise test. Mass: 67 + 8 kg

Svantesson, Osterberg, To investigate the fatigue process in  Sample: 16 males Electrogoniometer Number of
Grimby, and the triceps surae during the heel- repetitions
Sunnerhagen (1998) rise test (eccentric and concentric Hemiparesis Work

Sweden phases) in comparison with a Sample: 8 males

walking test and muscle strength. Age: 57 + 4y
Height: NR
Mass: 82 + 10 kg
Reference (Healthy)
Sample: 8 males
Age: 59 + 3y
Height: NR
Mass: 82 + 14 kg
Svensson et al. (2019) To examine muscle function, muscle  Sample: 12 patients with ATR (8 Linear encoder Number of
Denmark architecture, and tendon length in males, 3 females) repetitions
persons who reported that they = Age: 51 + 12y Peak height
experience a functional deficit Height: 178 + 10 cm Work
more than 2 years after an ATR.  Mass: 90 + 19 kg
Tengman et al. (2015) To evaluate muscle fatigue and Sample: 52 patients with ATR (46 Laboratory-based Number of
Sweden determine whether fatigue could males,6 females) equipment (3D repetitions
be detected with a limited number Age: 47.8 + 10.2y MOCAP and force Peak height
of heel raises after total ATR. Height: NR plate) Work
Mass: NR
Van Cant et al. (2017)  To evaluate hip abductor, trunk Sample: 96 females AMES Number of
Belgium extensor, and ankle plantar flexor Patellofemoral pain repetitions
endurance in females and without 20 females
patellofemoral pain, using clinical Age: 21.1 + 2.6 y
tests. Height: 162.1 4+ 5.8 cm
Mass: 55.9 + 7.4 kg
Controls
76 females
Age: 20.5 + 28y
Height: 165.5 + 5.8 cm
Mass: 58.3 + 7.4 kg
Westin et al. (2018) To perform a long-term follow-up of  Sample: 391 patients with ATR (326 Linear encoder Number of
Sweden patients with an achilles tendon males, 65 females) repetitions
re-rupture using established Age: 404 + 87y Peak height
outcome measurements for Height: 178.5 + 8.6 cm Work
tendon structure, lower extremity Mass: 83.7 4+ 13.1 kg
function and symptoms, and to
compare the results with those for
the uninjured side.

J. A. Zellers, van To describe the achilles tendon Sample: 20 healthy individuals Linear encoder Number of
Ostrand, and structure and plantar flexor repetitions
Silbernagel (2017) function of classical ballet dancers Non-dancers Peak height

USA compared to non-dancers using 2 males, 8 females Work

Age: Range: 16 to 35y
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TABLE 1 (Continued)

Authors (year
of publication)
Country

Jennifer A. Zellers
et al. (2018)
USA

J. A Zellers et al. (2020)
USA

Purpose

established, clinical achilles tendon
examination methods.

To determine the strength of the
relationship of the achilles tendon
resting angle in both knee
extended and knee flexed
positions with tendon length
measured using ultrasound as a
validation study; and to identify
the relationship between the
achilles tendon resting angle with
tendon material properties and
patient functional performance to
better understand its clinical
utility.

To investigate the relationship
between early tendon morphology
and mechanical properties to long-
term function on heel-rise and
jumping tests in individuals after

Participants Device

Height: NR
Mass: NR

Ballet dancers

2 males, 8 females
Age: Range 16 to 35y
Height: NR

Mass: NR

Sample: 42 patients with ATR (34 Linear encoder
males, 8 females)

Age: 45.9 + 162y

Height: NR

Mass: NR

Sample: 22 patients with ATR (17 Linear encoder
males, 5 females)

Age: 40 + 11y

Height: NR

Mass: NR

WlLEY 11 of 20

CRT
outcomes

Work

Peak height
Work

ATR.

Abbreviations: 3D MOCAP, three-dimensional motion capture; AMES, Ankle Measure for Endurance and Strength; ATR, Achilles tendon rupture; EMG,

electromyography; NR, not reported.

the device in a similar fashion to establish normative values for
different ages and genders.

Studies in 1998 used electrogoniometers during the CRT in
healthy individuals (Svantesson, Osterberg, Grimby, & Sunnerha-
gen, 1998; Svantesson, Osterberg, Thomeé, et al., 1998; Osterberg
et al, 1998) and stroke patients (Svantesson, Osterberg, Grimby, &
Sunnerhagen, 1998). These studies used an electrogoniometer to
determine the concentric and eccentric parts of the calf raise motion
and inform electromyographic analysis. Furthermore, total (concen-
tric) work was calculated using the mass of individuals, gravitational
acceleration constant, length of the foot between the axis of rotation
of the ankle and metatarsophalangeal joints, and angular velocity
(Svantesson, Osterberg, Grimby, & Sunnerhagen, 1998; Svantesson,
Osterberg, Thomeé, et al., 1998).

The main advantage of electrogoniometers over standard goni-
ometers is their increased precision of joint angle measurements
(Bronner et al.,, 2010). Furthermore, the voltage signals recorded
during dynamic motion can be immediately transferred to a computer
(Osterberg et al., 1998) or data logger (Bronner et al., 2010) and
provide joint displacement data in real-time to inform CRT termi-
nation (e.g., 50% of ankle plantar-flexion range of motion). Although

it is more expensive than a standard goniometer, electrogonimoters

are still a low-cost alternative to 3D motion capture systems. To
apply this device to the CRT, however, requires a certain amount of
programming to compute work, as well as the recording of foot

length for work computation.

3.2.3 | Laboratory-based devices: Three-dimensional
motion capture and force plate

Three-dimensional (3D) motion capture systems (Jakob et al., 2021)
and force plates (Peterson Silveira et al., 2017) are considered the gold
standards for collecting biomechanical data in laboratory settings
(Figure 2). Osterberg et al. (1998) were the first to use a force plate
during the CRT alongside an electrogoniometer to quantify torque and
work during the test in healthy individuals, while Hébert-Losier et al.
were the first to use 3D motion capture in isolation (Hébert-Losier
et al., 2011) and together with a force plate (Hébert-Losier & Holm-
berg, 2013) to quantify CRT outcomes in healthy individuals. The main
advantages of these devices are their high accuracy in quantifying
biomechanical measures and ability to calculate metrics other than
those traditionally reported for the CRT, such as joint angles and

torques. Force plates also provide an actual force measure, which can
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[&]

spring damp

o M=
elastic band G- damp

FIGURE 2 Timeline of when various calf raise test (CRT) devices were first used in the scientific literature. (a) Higgmark and Liedberg
light beam electronic device (Haggmark et al., 1986), (b) Electrogoniometer (van der Linden, Andreopoulou, Scopes, Hooper, & Mercer, 2018),
(c) Electrogoniometer and force plate (Osterberg et al., 1998), (d) Haberometer (Haber et al., 2004), (e) Linear encoder (Arch et al., 2018),
(f) 3D motion capture system (Hébert-Losier et al., 2011), (g) 3D motion capture and force plate (Hébert-Losier & Holmberg, 2013), (h) Ankle
Measure for Endurance and Strength (Sman et al., 2014), (i) Custom-made CRT device (Sara et al., 2021).

be used to calculate work as a product of (actual) force and
displacement rather than a (fixed) force based on the mass of in-
dividuals and gravitational acceleration constant. Although motion
capture systems and force plates are common in research and have
been used to assess CRT outcomes in healthy individuals (Hébert-
Losier et al., 2011; Hébert-Losier & Holmberg, 2013) as well in pa-
tients with ATR (Andreasen et al., 2020; Nawoczenski et al., 2016;
Tengman et al., 2015), these devices have limited application in day-
to-day clinical practice because of their high costs, limited availabil-

ity, and time-consuming setup requirements (Schurr et al., 2017).

3.2.4 | Haberometer

To aid in CRT standardisation, Haber et al. (2004) developed the
Haberometer (Figure 2), a simple portable device that measures the
number of repetitions. The Haberometer is similar to the Haggmark
and Liedberg light beam electronic devices but does not rely on
electric components. The Haberometer consists of two vertical rods
that set the height of calf raise repetitions to 5 cm and a horizontal
block that prevents the foot from sliding forward, which are all
attached to a base platform (Haber et al., 2004). The device was used
in both healthy individuals (Haber et al., 2004; Pereira et al., 2010)
and those with deep vein thrombosis (Pereira et al., 2010).

The Haberometer demonstrated good short-, medium- and long-
term test-retest reliability for quantifying the number of repetitions

based on ICC measures (Table 2). Haber et al. (2004) recommended
the device for clinics and research because of its simplicity and
reliable outcomes. However, one of the perceived drawbacks of the
device is the rod placement over the foot, which may compromise
safety if a loss of balance occurs during testing (Haber et al., 2004).
Furthermore, this device is not available for purchase and only

monitors the number of repetitions.

3.2.5 | Linear encoder

Silbernagel et al. (2006) were the first researchers to introduce the use
of a linear encoder for measuring CRT outcomes, which was in ATR
patients. The linear encoder (Figure 2) contains a spring-loaded
displacement sensor which is attached to the heel and tracks verti-
cal displacement over time. The linear displacement data can be used
to calculate work and velocity. Typically, the linear encoder is used to
measure the three main CRT outcomes: number of repetitions, peak
height, and total work (Byrne et al., 2017; Silbernagel et al., 2010).
These linear encoder-derived outcomes have shown good test-retest
reliability (Byrne et al., 2017) (Table 2). Furthermore, outcomes from
the linear encoder are the only ones which have been validated against
3D motion capture, with the work from the linear encoder almost
perfectly correlated with the work from a 3D marker placed on the
heel (Andreasen et al., 2020). Since linear encoders can provide the
three main outcomes of repetitions, peak height, and work, these
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TABLE 2 Summary of reported reliability or concurrent validity of calf raise test (CRT) devices.

Authors (year
of publication)
CRT devices

Andreasen et al. (2020)
Linear encoder
3D MOCAP

Byrne et al. (2017)
Linear encoder

Haber et al. (2004)
Haberometer

Participants

Patients with acute achilles tendon
rupture (n = 45, 36 males and 9

females)

Healthy individuals (n = 38, 18
males, 20 females)

Healthy individuals (n = 40, 19
males, 21 females)

Patients with deep vein thrombosis
(n = 38, 21 males, 16 females)

Reliability or concurrent
validity of outcomes Interpretation®

Total work measurement error The CRT performed using the heel as a

(%) surrogate for centre of body mass
Linear encoder heel versus MOCAP overestimates the total work by
heel 21.0%-24.7% versus the gold standard
Injured side = 1.5% (p = 0.163) (MOCAP pelvis), but can precisely
Non-injured side = 2.9% detect the relative difference between
(p < 0.0001) limbs.
Linear encoder heel versus MOCAP  Using the heel is considered valid for
pelvis injured side = 21% assessing relative differences between
(p < 0.0001) limbs.
Non-injured side = 24.7%
(p < 0.0001)

Total work concurrent validity
(linear regression slope [95%
ci

Linear encoder heel versus MOCAP
heel

Injured side = 0.95 [0.91, 1.00]

Non-injured side = 1.00 [0.98,
1.03]

Lienar encoder heel versus MOCAP
pelvis

Injured side = 0.79 [0.70, 0.87]

Non-injured side = 0.92 [0.86,
0.97]

Limb symmetry index (linear
regression slope [95% Cl])
Linear encoder heel versus MOCAP

heel

0.98 [0.92; 1.02]

Lienar encoder heel versus MOCAP
pelvis

1.03 [0.90, 1.09]

Test-retest reliability (average Based on the ICC estimates

9 days) Linear encoder has “good” test-retest
Number of repetitions (n) reliability for measuring number of
ICC =0.77 repetitions, work, and peak height
SEM = 6.7 when tested in healthy individuals.
CV = 13.9% -
Work (J)
ICC =0.84
SEM = 419
CV = 13.1%
Peak height (cm)
ICC = 0.85
SEM = 0.8
CV = 6.6%
Short term test-retest reliability Based on the ICC estimates

(30 min) Haberometer has “good” short,
Number of repetitions (n) intermediate, and long-term test-retest
ICC,1 =085 reliability for measuring the number of
SEM = 2.3 repetitions when tested in healthy
CV =9% individuals and uninjured side of
Intermediate term test-retest patients with deep vein thrombosis.

reliability (48 h)
Number of repetitions (n)

ICCy4 = 0.79
SEM = 3.1
CV = 9%

(Continues)
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TABLE 2 (Continued)

Authors (year
of publication)

CRT devices Participants

Reliability or concurrent
validity of outcomes

Interpretation®

Long term test-retest reliability

(7 days)

Number of repetitions (n)
ICC,4 = 0.88

SEM = 34

CV = 15%

Moller et al. (2005)
Haggmark and Liedberg light
beam electronic device

Healthy individuals (n = 10 males)

Test-retest reliability (5-7 days) Based on the ICC estimates
Number of repetitions (n) right side Haggmark and Liedberg light beam
Difference in mean (right) = 1.2

electronic device (modified) has “good”

(modified) Limits of agreement = —15.3, 17.7 test-retest reliability for measuring
ICC =0.84 number of repetitions when tested in
CV =19.1% healthy individuals.

Number of repetitions (n) left side
Difference in mean (left) = 1.7
Limits of agreement = —8.9, 12.3
ICC =0.78

CV = 13.5%

Sman et al. (2014)
Ankle measure for endurance
and strength

Healthy individuals (n = 40, 21
males, 19 females)

Inter-rater reliability
Number of repetitions (n)
ICCpq = 0.97

SEM = 104

Based on the ICC estimates

AMES has “excellent” inter-rater reliability
for measuring number of repetitions
when the CRT is assessed
simultaneously by two examiners when
tested in healthy individuals.

Abbreviations: 3D MOCAP, three-dimensional motion capture; AMES, Ankle Measure for Endurance and Strength; Cl, confidence interval; CRT, calf
raise test; CV, coefficient of variation; ICC, intraclass correlation; SEM, standard error of the mean.

»n o«

?Reliability and concurrent validity “excellent”, “good”, “moderate”, and “poor” when the corresponding ICC was >0.90, >0.75 to 0.90, between 0.50 and

0.75, and <0.50 (Portney, 2020).

devices have been used the most in research to monitor CRT out-
comes in healthy individuals (Arch et al., 2018; Byrne et al., 2017; J. A.
Zellers et al., 2017) and patients with Achilles tendon pathologies
(Andreasen et al., 2020; Annelie Brorsson et al., 2018; A. Brorsson
et al, 2016; A. Brorsson et al., 2021; A. Brorsson et al., 2017;
Hamrin et al., 2020; Nordenholm et al., 2022; Olsson et al., 2014;
Silbernagel et al., 2015; Silbernagel et al., 2006; Silbernagel et al.,
2010; Silbernagel et al., 2012; Svensson et al., 2019; Westin et al.,
2018; Zellers et al., 2018; J. A. Zellers et al., 2020).

Although CRT outcomes derived from linear encoders provide
meaningful information on ankle plantar-flexion function that can
assist in the assessment and management of individuals (Byrne
et al,, 2017), the associated cost of purchasing linear encoder hard-
ware and software prohibits their clinical use. Nonetheless, linear
encoders are more affordable than 3D motion capture or force plate
systems and are considered a good option for research-compatible
outcomes at a modest cost.

3.2.6 | Ankle Measure for Endurance and Strength

Sman et al. (2014) introduced the AMES to address some of the

shortcomings of other CRT devices that were used to date, such as

the need for electric current, computers, specialised software, or
specialised hardware (e.g., light beams and linear encoders). The
AMES (Figure 2) consists of a platform, two blocks, two L-shaped
brackets, and an elastic band. The elastic band is attached horizon-
tally to the brackets using two spring clamps on either side. In
addition, the elastic band height is fully adjustable. To track the
number of repetitions, individuals place their heels on the elastic
band between the brackets and raise the heel as high as possible
during testing (Sman et al., 2014). Hence, the height of the calf raise
can be individually set and is not fixed to a certain threshold, such as
5 cm. The AMES was originally tested in healthy individuals (Sman
et al.,, 2014), and later used in patients with patellofemoral pain (Van
Cant et al, 2017) as well as in youth ballet dancers (DeWolf
et al,, 2018).

The AMES presented excellent inter-rater reliability for the
number of repetitions completed (Table 2) when simultaneously
assessed by two examiners (Sman et al., 2014). Sman et al. (2014)
advanced that AMES is ideal for assessing CRT outcomes in clinical
and research settings due to its simplicity. The authors further rec-
ommended modifications to the AMES to ensure safety while using
the apparatus, such as replacing the L-shaped brackets with curved
brackets and adding a foot fixation to minimise foot slippage during
testing, which could affect the CRT outcome (Sman et al., 2014).
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TABLE 3 Perceived strengths and limitations of the various calf raise test (CRT) devices for use in clinical practice.

Devices

Haggmark and Liedberg light beam
electronic device

Electrogoniometer

Haberometer

Linear encoder

Laboratory-based equipment (3D
MOCAP and force plate)

WlLEY 15 of 20

Outcomes Clinical

Strengths Limitations measured  friendliness®
Simple Requires electricity Repetitions 2
Portable Set height of 5 cm
Good test-retest reliability (healthy) Used to record repetitions
Used in ATR and healthy only

Not commercially available
Simple Requires electricity Repetitions 2
Portable Requires specific hardware Work
Used in stroke and healthy and software
Simple Requires electricity Repetitions 1
Portable Set height of 5 cm
Good test-retest reliability (healthy) Rod over foot may affect
Used in DVT and healthy balance

Used to record repetitions

only

Not commercially available
Relatively simple Medium cost Repetitions 2
Relatively portable Requires electricity Peak
Measures three CRT outcomes Requires specific hardware height
Good test-retest reliability and software Work
Most frequently used Requires programming
Valid versus 3D MOCAP
Used in ATR, AT, and healthy
Measures three CRT outcomes High-cost Repetitions 3
Gold standard for measuring biomechanical Requires electricity Peak

variables related to the CRT Requires specific hardware height

High accuracy
Used in ATR and healthy

Can be used to record other biomechanical

measure
Ankle measure for endurance and Simple
strength Portable
Low-cost

Adjustable height

and software Work
Requires programming
Requires user expertise
Time consuming to set-up

Used to record repetitions Repetitions 1
only

Not commercially available

Excellent inter-rater reliability (healthy)

Used in PFP and healthy

Custom-made CRT Simple

Portable
Low-cost
Adjustable height

Used in healthy

Used to record repetitions Repetitions 2
only

Not commercially available

No studies on reliability and

validity findings

Abbreviations: 3D MOCAP, three-dimensional motion capture; ATR, Achilles tendon rupture; CRT, calf raise test; DVT, deep vein thrombosis; PFP,

patellofemoral pain.
2Rank-ordered from most (1) to least (3) clinical-friendly.

Noteworthy is that this device is not available for purchase and only
monitors the number of repetitions.

3.2.7 | Custom-made device
Sara et al. (2021) investigated the correlation between the number of
repetitions performed during the CRT and maximal plantar-flexor

strength in males and females. A custom-made CRT device was

used to aid in standardising the test. The device consists of a hori-
zontal plate affixed above a standing surface by an upright support
bar. This horizontal plate acts as a visual and tactile guide that is
adjusted (vertical and anteroposterior) to the dorsal ankle crease at
the end-range of a maximal single-leg calf raise. Conceptually, this
device is similar to the AMES device. Although the device is easy to
use, portable, and simple, there are no existing studies to support its
validity and reliability, the device only monitors the number of rep-

etitions, and it is not available for purchase.
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4 | DISCUSSION

In clinical practice and research, the CRT is used to assess the
strength-endurance of the triceps surae muscles (Lunsford &
Perry, 1995; Svantesson, Osterberg, Thomeé, et al., 1998). Despite
being considered a reliable and valid clinical tool, there are concerns
regarding the standardisation of its protocols (Hébert-Losier
et al., 2009; Sman et al., 2014) and that key clinical parameters are
omitted when only counting the number of repetitions (Byrne
et al., 2017). To address these shortcomings, a range of devices have
been developed and used to standardise and objectivise CRT per-
formance. This review critically appraised 35 relevant studies that
used measuring devices to evaluate CRT outcomes in healthy in-
dividuals as well as those with medical conditions to inform evidence-
based practice. Among the 35 studies included, the Haberometer,
AMES, and custom-made devices were considered the most clinical-
friendly, but these only recorded the number of repetitions.
Laboratory-based 3D motion capture and force plate systems are
considered to provide the greatest precision of measurement and
offer the advantage of quantifying the three main CRT outcomes but
are the least clinical-friendly and most costly devices. The Haggmark
and Liedberg light beam electronic device, electrogoniometer, and
linear encoder were all considered moderately clinically friendly from
a practical and cost perspective, with the linear encoder being the
most often used in the scientific literature and the only device re-
ported to quantify the three main outcomes. As such, the linear
encoder method appears to offer the best compromise for clinicians
seeking research-grade outcomes for the CRT at a modest cost.
Although the number of calf raises performed is the primary test
outcome evaluated in clinics, Svantesson, Osterberg, Thomeé,
et al. (1998) suggested assessing calf raise height during the test as
shorter height ranges could lead to more repetitions since less work
is required per repetition. Furthermore, it is noteworthy from a
clinical perspective that the number of repetitions and height are
related to different physiological and structural factors (Svensson
et al., 2019). The number of repetitions is determined by contractile
tissue and muscle endurance metabolism (Holloszy, 1967), while the
height of the calf raise is determined by tendon and muscle fiber
length (Baxter et al., 2018). These triceps surae muscle properties
can all affect the total work performed during the CRT as both the
number of repetitions and height are used to compute work (Svan-
tesson, Osterberg, Thomeé, et al, 1998). Furthermore, research
supports that peak height and work are more sensitive metrics in the
presence of pathology and functional deficits (Baxteret al., 2018;
Svensson et al., 2019; J. A. Zellers et al., 2020). For these reasons,
several researchers have advocated using peak height and work in
addition to the number of repetitions as objective measures of tri-
ceps surae muscle-tendon unit function during the CRT (Byrne
et al,, 2017; Fernandez et al., 2022; Silbernagel et al., 2006). Of the
seven thematically grouped devices sourced from the literature
(Figure 1), only the linear encoder and laboratory-based 3D motion
capture and force plate systems were used to quantify all three CRT

outcomes. Of the two methods, the linear encoder is the most

affordable option for clinical use and clinically based research.
Indeed, the linear encoder was the most frequent device used in the
scientific literature, likely due to its ability to provide reliable (Byrne
et al,, 2017) research-grade outcomes (Andreasen et al., 2020) at a
moderate financial cost compared to 3D motion and force plate
systems. However, this device still requires specialised software and
knowledge to extract data, making the linear encoder less suitable for
everyday clinical applications and explaining its lack of general up-
take from a clinical standpoint.

The Haberometer, AMES, and custom-made devices were
considered as the most clinically friendly CRT devices (Table 3), fol-
lowed by Haggmark and Liedberg's light beam electronic device
because of their simplicity, portability, affordability, and no require-
ment of specialised hardware or software. These devices can assist in
standardising CRT parameters, with the Haberometer and AMES being
reliable for measuring the number of repetitions (Haber et al., 2004;
Moéller et al., 2005; Sman et al., 2014). Though none of the reviewed
literature sought to quantify the work performed when using these
devices, because of the fixed calf raise height, the work completed can
be calculated based on the number of repetitions, known calf raise
height, and mass of individuals similar to the work computations used
for the linear encoder, electrogoniometer, and motion capture sys-
tems. The one drawback, however, is that peak height during each raise
is not quantified and the proposed work computations from the set
height would therefore underestimate the actual work performed.
Furthermore, these devices are not readily available for purchase,
again limiting their widespread uptake in clinical practice.

Since the systematic search in April 2022, CRT performance has
also been quantified using a mobile iOS application (Figure 3) that
relies on computer-vision algorithms to track the displacement of a
marker placed on the foot (Fernandez et al., 2022; Hébert-Losier &
Balsalobre-Fernandez, 2020; Hébert-Losier et al., 2022). Specifically,
the vertical position of a circular marker is tracked from a video
recording via computer vision after calibration to a known distance.
The application has been used in athletes (Hébert-Losier et al., 2022)
and healthy individuals (Fernandez et al., 2022) and demonstrated
good-to-excellent validity of CRT outcomes against 3D motion cap-
ture and force plate (ICC >0.878) and inter-rater, intra-rater, and
test-retest reliability. The Calf Raise application (Hébert-Losier &
Balsalobre-Fernandez, 2020) hence provides a valid and reliable
method for assessing the three main CRT outcomes, and an innova-
tive clinical-friendly low-cost option to iOS users. Given that clini-
cians (Galetsi et al., 2022) and practitioners (Shaw et al., 2021) are
increasingly using mobile applications and digital technologies, the
computer-vision-based mobile application is an appealing and
accessible solution for quantifying CRT outcomes in clinics, although
it still requires access to an iOS device.

This literature has a few limitations to acknowledge. First, this
review focused on the single-leg CRT performed to fatigue and did not
consider other variations of this task, such as when calf raises are done
bilaterally or for a set duration (André et al, 2016; Aruje Zahid
et al., 2022). Different devices have been used for these task variations,

including an overhead bar to set calf raise height (André et al.,, 2016)
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FIGURE 3 A computer-vision algorithm is
used to track the vertical displacement of a
marker placed on the foot to calculate calf
raise test (CRT) outcomes, first introduced in
2022 (Hébert-Losier et al., 2022).

and inertial measurement units (Aruje Zahid et al., 2022), which could
be applicable to the single-leg CRT. The former method would have
similar strengths and limitations than the Haberometer or AMES,
whereas the latter still needs development and validation for the
single-leg CRT. This review also focused on the CRT devices and their
design, reliability, concurrent validity, and perceived strengths and
limitations for clinical use, not on other psychometric properties of the
assessment procedures, such as the responsiveness of outcomes,
sensitivity, or specificity. Despite our narrative review following a
rigorous and systematic process in accordance with the PRISMA
guidelines, no critical appraisal of the included studies was undertaken
due to the varied methods used in the studies. Furthermore, no risk of
bias assessment was completed as it was not relevant to the review
aims. Therefore, this review was limited to a narrative synthesis of the
findings and conclusions drawn from the studies included. Nonethe-
less, this approach was deemed suitable for the aims of the review and
to provide a comprehensive overview of the current CRT devices used,
their strengths, and their limitations.

5 | CONCLUSION

This review provides clinicians and researchers insight into the de-
vices that have been used to assess the CRT, and the strengths and
limitations of these devices. The use of devices for the CRT has a dual
purpose: to enhance the standardisation of procedures and to further
objective CRT outcomes beyond the number of repetitions. The
linear encoder and computer-vision mobile application offer the best
compromise for clinicians seeking research-grade outcomes for the
CRT at a modest cost.

5.1 | Clinical message

e Research-grade or customised devices are used to standardise and
quantify CRT outcomes in science. Seven different devices were
identified.

e By understanding the design and properties of these CRT devices,
practitioners will be able to determine which ones are the most
appropriate for their clinical needs and to use these devices to
implement evidence-based practice.

e Linear encoders appear to provide the best compromise for clini-
cians seeking research-grade CRT outcomes at a modest cost.

e Advances in computer vision technology have led to iOS mobile
applications that provide low-cost research-grade alternatives for
clinicians and researchers to quantify clinical outcomes, including
the CRT.
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