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Abstract

The leg/back dynamometer (LBD) is a valid lower-body strength test. For people stronger than the typical device, a crane
scale could provide an adapted leg/back dynamometer (ALBD), although validity and reliability analyses are needed.
Fifty participants completed three testing sessions, consisting of three LBD and ALBD trials each. One-sample t-tests
determined whether LBD and ALBD mean differences were significant compared to 0. Paired samples t-tests and effect
sizes (d) compared average and maximum LBD and ALBD. Pearson’s correlations and regression derived LBD and ALBD
relationships. Intra-class correlation coefficients (ICC) and coefficient of variation (CV) assessed reliability. A three-
way repeated measures ANOVA compared between-session LBD and ALBD. Test usefulness was analyzed by typical
error (TE) and smallest worthwhile change (SWC). The mean differences analyses indicated a fixed bias (p<0.04); the
LBD recorded greater values than the ALBD (p<0.01; d=0.43-0.89). Relationships between the LBD and ALBD across all
sessions were significant (p<0.001; r=0.902-0.985), with 94% explained variance. The ICCs and CVs for all sessions
were acceptable (ICC20.97; CV<6%). There were no significant LBD or ALBD differences between Sessions 1 or 2.
However, average and maximum LBD for Session 3 was greater than Sessions 1 and 2; Session 3 average ALBD was
greater than Sessions 1 and 2 (p<0.002); and maximum ALBD was greater than Session 1 (p<0.042). The LBD and ALBD
were useful (TE=5.13-5.65kg; SWC=7.26-7.99kg). The ALBD can measure strength, although the data was lower than
the LBD. The LBD and ALBD are reliable and useful; two practice sessions could enhance reliability.
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Introduction

Strength is an essential quality for many different athletic (Suchomel et al., 2016) and occupational (Orr et
al., 2022) activities. As a result, strength testing is a common tool used by practitioners. The data derived from
strength tests can highlight the limitations for a particular individual and help drive appropriate training
programs (McGuigan, 2015). Repetition-maximum (RM) tests with dynamic exercises (e.g., bench press,
squat, deadlift) are often used to measure strength. While valuable, this type of testing may not be appropriate
for all individuals (e.g., those with limited resistance training experience). An ideal strength test would be an
assessment that is easy to administer on large groups, limits fatigue that could influence other aspects of
testing or training, and is safe to perform regardless of age, sex, and relative skill level (Sheppard et al., 2013;
West et al., 2011). A leg/back dynamometer (LBD) may provide a test that is easy to administer, while also
being an affordable option for many practitioners.

The LBD has been used to assess strength in high school athletes (Lockie et al., 2023a; Lockie et al., 2023b;
Wakely et al., 2022), university athletes (Najiah et al., 2021), and tactical personnel such as first responders
(Dawes etal.,2019; Dawes et al., 2017; Lockie et al., 2020a; Lockie et al., 2020b). This test allows for maximal
force exertion against an external resistance and dynamometry provides an efficient way to measure strength
(Najiah et al., 2021; Ten Hoor et al., 2016). As a measure of validity, Najiah et al. (2021) found very large-to-
near perfect relationships between the LBD (measured in kg) with the 1RM back squat (p < 0.001, r=0.877)
and deadlift (p < 0.001, r = 0.984) in male university athletes. Thus, the LBD provides a lower-body strength
test that is simple to administer, while also being applicable to highly-trained or lesser-trained individuals.

However, some individuals may have a pulling strength that exceeds that of the typical leg/back
dynamometer, which can be up to 299.37 kg (660 lbs) (Fabrication Enterprises Inc., 2023). A commercial
crane scale could provide an affordable option while also having the value of a greater capacity than the
typical LBD (up to 907 kg, or 2000 lbs) (Global Industrial™, 2023). However, there is no research that has
investigated whether an adapted leg/back dynamometer (ALBD) that uses a commercial crane scale provides
avalid and reliable measure of isometric leg/back strength.

Therefore, the purpose of this study was to determine the validity and reliability of an ALBD that used a
commercial crane scale with a greater capacity than a typical LBD. The ALBD was compared to and correlated
with the LBD to determine validity. A test-retest analysis was used to determine reliability of the ALBD metric.
It was hypothesized that the ALBD would provide a valid and reliable measure of isometric leg/back maximal
strength in physically-active individuals.

Methods

Experimental Approach

This study was a prospective, validation and test-retest reliability study, with procedures adapted from
previous studies (Lockie et al., 2013; Najiah et al., 2021; Ten Hoor et al., 2016). Subjects completed three
testing sessions. The first session was originally intended as a familiarization session (Courel-Ibafez et al.,
2020); sessions two and three were to be the test-retest sessions for the reliability analysis. The ALBD was
compared to and correlated with the LBD to determine validity. Reliability was assessed by intra-class
correlation coefficients, coefficient of variation (CV), and a three-way repeated measure analysis of variance
(ANOVA). Both the LBD and ALBD were measured in kilograms (kg).

Participants

Fifty physically active people (age: 23.02 + 3,43 years; height: 1.68 + 0.11 m; body mass: 78.46 = 14.63 kg),
including 34 men (age: 22.76 £ 2.79 years; height: 1.72 + 0.10 m; body mass: 82.03 + 13.07 kg) and 16 women
(age: 23.56 = 4.56 years; height: 1.60 + 0.05 m; body mass: 70.88 + 15.27 kg) were recruited for this study.
Participants self-reported whether they completed the minimum recommended physical activity for
cardiorespiratory and musculoskeletal fitness as detailed by the American College of Sports Medicine
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(Garber et al., 2011), and were free from injuries that could influence study participation. G*Power software
was also used to confirm post hoc that the sample size of 50 was sufficient for a correlation, point biserial
model, and ensured the data could be interpreted with a moderate effect level of 0.40 (Hopkins, 2004b), and
a power level of 0.86 when significance was set at 0.05 (Faul et al., 2007). The institutional review board
approved the study (HSR-22-23-334), all Participants received a clear explanation of the procedures. This
included the risks and benefits of participation, and written informed consent was obtained. The study
followed the recommendations of the Declaration of Helsinki (World Medical Association, 1997).

Measurements and Procedures

Participants completed three testing sessions. The first session was originally intended as a familiarization
session (Courel-Ibafez et al., 2020); sessions two and three were to be the test-retest sessions for the
reliability analysis. Data was collected in three approximate 30-40-minute testing sessions which were
separated by 48-72 hours depending on participant availability. Participants were informed to wear athletic
clothing and shoes that they would typically use for training (i.e., sneakers). The same shoes and similar
clothes were to be worn at all sessions. No supportive garments (e.g., wrist wraps, weight belts) were worn
during any of the tests. All testing was conducted in the university’s Human Performance Lab, which had
rubberized flooring. Prior to testing in session one, participants signed an informed consent form and
completed a physical activity readiness questionnaire. Height was measured using a stadiometer (Detecto,
Webb City, MO, USA), and body mass was measured by an electronic digital scale (Model HBF-510, Omron
Healthcare, Kyoto, Japan). After this, participants completed a dynamic warm-up that lasted approximately
8-10 minutes. All participants completed the same dynamic warm-up prior to all testing sessions, which
comprised of skips with arm swing, side jacks with arm swing, lunge to rotation with hamstring stretch, pigeon
stretch, A-Skips, cariocas, and five bilateral base drops with arm swing.

The procedures for this study were adapted from previous research (Lockie et al., 2013; Najiah et al., 2021;
Ten Hoor et al., 2016). Participants alternated whether they completed the LBD or the ALBD first, such that it
was evenly divided amongst the sample. The order of the LBD and ALBD was kept consistent across all
sessions. As noted, the first session was originally intended to be a familiarization session (Courel-Ibafez et
al., 2020), where participants completed both the LBD and ALBD with the same procedures as that for the
second and third sessions. For both the LBD and ALBD, participants completed two warm-up or practice pulls
using the specific procedures for each device. This helped prepare the participants for the required maximal
effort pulls, and also allowed the researchers to correct any flaws in technique (Nuzzo et al., 2011). Following
this, participants completed three trials with either the LBD or ALBD, with rest times of 2 minutes allocated
between attempts. The tests will be presented here as if the standard LBD was performed first. Nevertheless,
the procedures used to set-up the participant for the strength test with either device was the same.

Standard Leg/Back Dynamometer

The standard LBD had an oversize base with a capacity of 299.37 kg (Fabrication Enterprises, Inc., New York,
USA). The methods were adapted from previous research (Dawes et al., 2019; Dawes et al., 2017; Lockie et
al., 2020a; Lockie et al., 2020b; Lockie et al., 2023a; Lockie et al., 2023b; Wakely et al., 2022). Participants
were positioned so their arms were extended and both hands were on the handle positioned at the mid-thigh,
with a knee flexion angle of approximately 110° (Figure 1). The knee angle was measured with a goniometer
so that participants would be positioned in the same way for the second strength test. A countdown of “3, 2,
1, pull” was given to the participants before they initiated the pull. Similar instructions have been shown to
produce optimal results for maximum force development in isometric pulls (Haff et al., 1997). Participants
were to maintain proper spinal alignment and their feet flat on the base and pulled the handle upward as hard
as possible by attempting to extend the hips and knees. The pull was held for approximately 5 seconds, with
data recorded to the nearest kg.
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Figure 1. Frontal (A) and sagittal (B) view of the set-up for the leg/back dynamometer test.

Adapted Leg/Back Dynamometer

The ALBD used a commercial crane scale (Global Industrial™, New York, USA) connected to a cable straight
bar attachment and custom base. The crane scale had a capacity of 907 kg. Participants were set-up in the
same position for the ALBD as for the LBD, with the same knee angle in the pull position (Figure 2). The exact

same procedures for the LBD were also used for the ALBD. Three, 5-second pulls were completed for the
ALBD, with data also recorded to the nearest kg.
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Figure 2. Frontal (A) and sagittal (B) view of the set-up for the adapted leg/back dynamometer test.

Statistical analyses

Statistical analyses were computed using the Statistics Package for Social Sciences (Version 29.0; IBM
Corporation, New York, USA) and Microsoft Excel (Microsoft Corporation, Redmond, Washington, USA).
Descriptive statistics (mean + standard deviation [SD]; 95% confidence limits [CL]) were calculated for the
LBD and ALBD data in each session. Males and females were combined in the sample. Normality of the data



Lockie et al. Validity and Reliability of an Adapted Leg/Back Isometric Strength Testing Device

was evaluated by the Kolmogorov-Smirnov test and visual evaluation of Q-Q plots. Analysis was conducted
on the average from the three trials for the LBD and LABD within each session, as well as the best trial (i.e.,
the trial with the maximum strength value). To assess agreement, the difference and average between the LBD
and ALBD mean for each session were calculated with the intention of creating Bland-Altman plots (Dogan,
2018). One-sample t-tests were used to ascertain whether the difference between the LBD and ALBD means
was statistically significant (p < 0.05) compared to O (i.e., no difference between the means). Further, paired
samples t-tests (p < 0.05) were used to compare the average and maximum values for the LBD and ALBD to
provide a measure of concurrent validity (Aung et al., 2020; Lockie et al., 2013). Effect sizes (d) were also
calculated for the between-strength test comparisons, where the difference between the means was divided
by the pooled SD (Cohen, 1988). Ad less than 0.2 was considered a trivial effect; 0.2 to 0.6 a small effect; 0.6
to 1.2 a moderate effect; 1.2t0 2.0 a large effect; 2.0 to 4.0 a very large effect; and 4.0 and above an extremely
large effect (Hopkins, 2004b). To further analyze validity, Pearson’s correlations (p < 0.05) and regression were
used to derive relationships between the LBD and ALBD. The correlation strength was designated as: an r
between 0 to +0.3 was small; +0.31 to £0.49, moderate; 0.5 to £0.69, large; 0.7 to +0.89, very large; and
+0.9 to +1 near perfect for relationship prediction (Hopkins, 2006). Regression have been recommended for
use in validity analyses (Hopkins, 2004a), and thus were included in this research.

Intra-class correlation coefficients (ICC) and CV were used to analyze reliability across the trials (single and
average) within each session. The CV for the LBD and ALBD in each session was calculated as the standard
deviation of the dataset divided by the mean, before being converted into a percentage (%). An ICC equal to
or above 0.70 and a CV of less than 5% was acceptable (Baumgartner & Chung, 2001; Lockie et al., 2013).
The differences between the sessions for the LBD and ALBD across the three testing sessions was assessed
by a three-way repeated measures ANOVA (p < 0.05). If a significant between-session interaction was found,
a Bonferroni post hoc adjustment for pairwise comparisons was implemented.

The usefulness of the LBD and ALBD was determined by comparing the typical error (TE) to the smallest
worthwhile change (SWC) in kg for each test (Hopkins, 2004b). Within each session, TE was calculated for
each variable via the formula TE = SD + (V' N), where N was the sample size of 50. The SWC was determined
by multiplying the between-participant SD by 0.2, which is the typical small effect (Hopkins, 2004b), If the TE
for either the LBD or ALBD was below the SWC, the test was ‘good’; if the TE was similar to the SWC, the test
was ‘OK’; and if the TE was higher than the SWC, the test was ‘marginal’ (Hopkins, 2004b).

Results

The Kolmogorov-Smirnov data indicated all variables were normally distributed (p = 0.053-0.200), and visual
analysis of the Q-Q plots confirmed this analysis. Table 1 displays the within-session comparisons between
the average and maximum values for the LBD and ALBD. With regards to the one-sample t-test, all LBD and
ALBD mean differences were significant (p < 0.04), which indicated a fixed bias between the LBD and ALBD.
Thus, Bland-Altman plots were not created. The paired-samples t-tests confirmed these results, as the LBD
recorded significantly higher average and maximum values when compared to the ALBD. In Sessions 1 and 2,
all the differences between the LBD and ALBD had small effects (d = 0.43-0.58). In Session 3, the differences
between the average and maximum LBD and ALBD values had moderate effects (d = 0.89 and 0.79,
respectively). Nonetheless, the relationships between the LBD and ALBD, regardless of session, for both the
average (Table 2) and maximum (Table 3) values were all significant (p < 0.001) and had an r above 0.9,
indicating near perfect relationships. To this end, data from all three testing sessions was used to produce
regression equations for both the average and maximum values. For both the average (Figure 3) and maximum
(Figure 4) values, there was 94% explained variance.
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Table 1. Comparisons between the leg/back dynamometer (LBD) and adapted leg/back dynamometer (ALBD) within the
three testing sessions. Data reported as mean = SD (95% CI). Intra-class correlation coefficients (ICC) for average and
single measures and coefficient of variation (CV) for the session trials are also displayed.

LBD ALBD p d
Session 1
128.59+38.33 120.87+38.47*
Average (kg) (117.70-139.48) (111.94-133.80) <0.01 058
. 133.85+38.72 129,28+ 38.40*
<
Maximum (kg) (122.84-144.85) (118.20-140.36) 001 043
ICCAverage 0.99 0.99
ICCorge 097 0.96
CV (%) 4.64 594
Session 2
129.71+38.64 123.32+36.20*
<
Average (kg) (118.73-140.69) (113.01-133.63) 001 057
. 134.36+39.96 128.94+37.28*
<
Maximum (kg) (123.00-145.72) (118.35-139.53) 001 050
ICCAverage 0.99 0.99
ICCorge 0.98 097
CV (%) 387 5.02
Session 3
135.01+39.29 128.83+38.06*
Average (kg) (123.85-146.18) (118.02-139.65) <001 089
. 137.66+39.72 130.20+38.78*
Maximum (kg) (125.37-148.95) (121.20-143.24) <0.01 0.79
ICCherse 1.00 1.00
ICConge 1.00 0.99
CV (%) 211 282

Table 2. Correlations betweenthe average leg/back dynamometer (LBD) and adapted leg/back dynamometer (ALBD) trials
recorded in Sessions 1-3in college-aged men and women. All relationships were significant atp < 0.001.

LBD Session 1 LBD Session2 LBD Session3
ALBD Session 1 0.97
ALBD Session 2 0.90 0.96
ALBD Session 3 0.95 0.96 0.98

Table 3. Correlations between the maximum leg/back dynamometer (LBD) and adapted leg/back dynamometer (ALBD)
trials recorded in sessions 1-3 in college-aged men and women. All relationships were significantat p < 0.001.

LBD Session 1 LBD Session2 LBD Session 3
ALBD Session 1 0.96
ALBD Session 2 0.91 0.96
ALBD Session 3 0.96 0.97 0.99
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Figure 3. Regression for the average values recorded from 50 participants across three sessions from the leg/back
dynamometer and adapted leg/back dynamometer.
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Figure 4. Regression for the maximum values recorded from 50 participants across three sessions from the leg/back
dynamometer and adapted leg/back dynamometer.

In all testing sessions for both the LBD and ALBD, the ICCs for single or average trials were high (ICC = 0.97;
Table 1). For the CV, the LBD was below 5% in all testing sessions. For the ALBD, CV was approximately 6% in
session 1, 5% in Session 2, and 3% in Session 3. There were notable results when comparing the average
(Figure 5) and maximum (Figure 6) LBD and ALBD mean data. For the LBD, the main effects for session for the
average (Fas = 28.727, p < 0.001, Bp? = 0.545) and maximum (Fz.s = 11.457, p < 0.001, Bp? = 0.323) LBD
were significant. The average LBD for Session 3 was 4-5% significantly greater than that recorded in Sessions
1and2(p<0.001). Thiswas also the case for the maximum LBD from Session 3; the value from these sessions
were 2-3% significantly greater than Sessions 1 (p < 0.003) and 2 (p = 0.008). Similar results were observed
for the ALBD, where the main effect for session was significant for average (Fp.4s = 22.365, p < 0.001, Bp? =
0.482) and maximum (F.4s = 7.548, p = 0.001, Ep? = 0.239) values. The Session 3 average ALBD value was 4-
5% significantly greaterthanthatrecordedin Sessions 1 (p <0.001) and 2 (p =0.002). The Session 3 maximum
ALBD value was 2% significantly greater than Session 1 (p = 0.042), but not Session 2 (p = 0.089). There were
no significant differences between any LBD or ALBD values recorded in Sessions 1 or 2. The test usefulness
data for all sessions is displayed in Table 4. Both the LBD and ALBD were deemed to be good tests regardless
of session. AlLSWC values exceeded the TE.
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Figure 5. Between-session comparisons for average values recorded across three sessions from the leg/back
dynamometer and adapted leg/back dynamometer (N =50). *Significantly different from Sessions 1 and 2.

180 ¥ 4
160
e 140
5120
&
2 100
80
60
Leg/Back Dynamometer Adapted Leg/Back Dynamometer

DSession 1 O Session2 m@Session 3

Figure 6. Between-session comparisons for maximum values recorded across three sessions from the leg/back
dynamometer and adapted leg/back dynamometer (N = 50). *Significantly different from Sessions 1 and 2; #Significantly
different from Session 1.

Table 4. Usefulness of the average and maximum leg/back dynamometer (LBD) and adapted leg/back dynamometer
(ALBD) values from the three testing sessions when considering typical error (TE) and smallest worthwhile change (SWC).

LBD ALBD
Average Maximum Average Maximum
Session 1
TE (kg) 5.42 5.48 5.44 5.52
SWC (kg) 7.67 7.74 7.69 7.80
TestRating Good Good Good Good
Session2
TE (kg) 5.46 5.65 5.13 5.27
SWC (kg) 7.73 7.99 7.26 7.46
TestRating Good Good Good Good
Session3
TE (kg) 5.56 5.62 5.38 5.48
SWC (kg) 7.86 7.94 7.71 7.76
TestRating Good Good Good Good
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Discussion

This study determined the validity and reliability of an ALBD that used a commercial crane scale with a greater
capacity than a typical LBD. Najiah et al. (2021) has previously acknowledged that the LBD provided a valid
measure of lower-body maximal strength, with near perfect correlations shown with the 1RM back squat (r =
0.877) and deadlift (r= 0.984). Additionally, the LBD has been used as a strength testing tool within numerous
populations (Dawes et al., 2019; Dawes et al., 2017; Lockie et al., 2020a; Lockie et al., 2020b; Lockie et al.,
2023a; Lockie et al., 2023b; Najiah et al., 2021; Wakely et al., 2022). These studies helped support the use of
the LBD as the standard for comparisons with the ALBD. The results indicated that there was a fixed bias which
affected agreement between the LBD and ALBD, in that the values recorded from the ALBD were significantly
lower than that for the LBD. The was shown by both the one-sample and paired samples t-tests. It is not
surprising that ALBD tended to record lower values than the LBD, given the capacity for each device. The
standard LBD had a limit of 299.37 kg, while the crane scale in the ALBD had a limit of 907 kg. Even a small
crane scale is generally designed to tolerate much heavier loads than that could be exerted by a person (Eilon
Engineering, 2022; Global Industrial™, 2023). The crane scale design could have affected the data recorded
from the participants in this study, which resulted in smaller average and maximum strength metrics when
compared to the LBD. Nevertheless, the results suggested that assuming the LBD was a valid measure of
maximal strength (Najiah et al., 2021), the ALBD provided data different to the LBD.

The correlation data, however, provided some support to how the ALBD was measuring similar qualities to the
LBD. There were near perfect, positive relationships between the LBD and ALBD. Although there are
limitations to using correlations to assess validity (Dogan, 2018), the data did suggest that those participants
who performed well in the LBD also performed well in the ALBD. Regression can also be valuable in validity
analyses (Hopkins, 2004a). The regression equation developed between the LBD and ALBD had 94%
explained variance (i.e., r? = 0.938) for both average and maximum values. A high r? value suggests better
predictive ability for the regression equation (Chicco et al., 2021). These data suggest that based on the
sample from the current study, LBD performance could be predicted from the ALBD, and vice-versa. This was
true for both the average (y = 0.9402x + 1.7399) and maximum (y = 0.9535x + 3.9498) values recorded in this
study. It should be noted that the fixed bias between the tests (i.e., the LBD recorded higher values than the
ALBD) suggested that each test be considered separate to the other. However, given the relationships
between the LBD and ALBD, predictive equations could be used by the practitioner as needed, with the
acknowledgement of potential agreement or bias issues.

With regards to the reliability data, single and average ICC values were very high (above 0.90) and above the
accepted standard in this study of 0.70 (Baumgartner & Chung, 2001; Lockie et al., 2013) in all sessions,
which indicated good trial-to-trial reliability. The was also the case for the LBD when considering CV, where
the CV was below 5% in all sessions. The CV for the ALBD was highestin session 1 at 5.95% and slightly above
the accepted range for this study. However, the CV for the ALBD decreased in sessions 2 and 3 into the
acceptable range of 5% or below. Thus, good inter-trial reliability can occur with either the LBD or ALBD.

The results did indicate some variation in average and maximum values across the sessions. The study
featured three testing sessions, and originally the first session was intended to be a familiarization session
(Courel-Ibanez et al., 2020). These procedures followed that for RM strength testing. Following a systematic
review of the literature, Grgic et al. (2020) stated that reliability in RM strength testing was similar between
trained and untrained individuals, and familiarization may not have as big an impact as previously thought.
Accordingly, it was decided that the first session would serve as a familiarization session, with the exact same
procedures performed in this session as for the second and third testing sessions. Upon analysis of the data,
it was found that the average and maximum data for both the LBD and ALBD were not significantly different
between Sessions 1 and 2. However, the average and maximum LBD values from Session 3 were significantly
greater than that recorded in Sessions 1 and 2. Similarly, the average ALBD value was significantly greater
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than Sessions 1 and 2, while the maximum ALBD was greater than Session 1. The actual differences were
relatively small - between 2-5% for any of the significant comparisons. Nonetheless, these data may indicate
that the participants may have become more familiar with both leg/back dynamometer tests by Session 3 and
could produce higher values (Ploutz-Snyder & Giamis, 2001). In physically active men, Dias et al. (2005)
suggested 2-3 practice sessions for bench press, back squat, and arm curl 1RM strength testing were needed
to produce reliable results. Specific to an isotonic knee extension dynamometer strength test, Ploutz-Snyder
& Giamis (2001) recommend 3-4 practice sessions for young women (~23 years of age), and 8-9 practice
sessions for older women (~66 years of age). Nonetheless, Grgic et al. (2020) noted that excessive
familiarization sessions are not practical, and in research, could lead to excessive dropout rates. Indeed, the
study by Ploutz-Snyder & Giamis (2001) only featured 13 participants, far below that for the current study (N
= 50). It is not known whether the values recorded from the LBD and ALBD would change over subsequent
testing sessions. Grgic et al. (2020) did state that familiarization may be required for an exercise if the
individual is not experienced with the movement used in a strength test. It is plausible to suggest that
implementing two practice sessions for the leg/back dynamometer could allow for greater reliability in
strength testing.

It should be noted it may not always be practical to conduct numerous practice testing or familiarization
sessions. For example, and as noted, the LBD has been used to assess strength in first responders (Dawes et
al., 2019; Dawes et al., 2017; Lockie et al., 2020a; Lockie et al., 2020b). Police officers and firefighters are
notably time-poor (i.e., there is often limited time to perform extraneous fitness-related activities due to work
demands) (Lockie et al., 2021), so there may be limited opportunities for practitioners to conduct fitness
testing. Moreover, due to the risk of injury in these populations (Lockie et al., 2022), staff are often reticent to
allow for multiple maximal strength testing sessions, so these may not always be possible. In these situations,
what was particularly notable from the study results is that all average and maximum LBD and ALBD values
were classified as being ‘good’ relative to their usefulness (Hopkins, 2004b), as the SWC exceeded the TE
from each session. What this means is that the smallest notable performance change for either the LBD and
ALBD exceeded the error associated with the test. Accordingly, if a practitioner sees in increase of 7-8 kg in
the LBD or ALBD (the approximate SWC across all sessions), they can be confident that it is a real change in
performance. Practitioners could use the LBD (or ALBD) with certain populations without specific
familiarization, while recognizing the potential for improvements due to individuals becoming better at
performing the test. Practitioners should carefully monitor their test results, so as to recognize whether any
improvements are due to learning or training effects. Nevertheless, even without familiarization, both the LBD
and ALBD are useful tests.

There are study limitations that should be acknowledged. Only one type of commercial crane scale was used
for the ALBD, and it is certainly possible that different models would produce different results. This would
affect the validity and reliability when compared to a standard LBD. The study utilized college-aged men and
women. All participants were physical active, but inclusion criteria did not explicitly state that participants
had to be resistance training (although that could be part of the physical activity completed by participants).
Strength-trained people could present different results (Dias et al., 2005; Ritti-Dias et al., 2011), especially
when considering the reliability measurements over the three sessions. Nonetheless, given that isometric
leg/back strength testing is a viable often for populations that may not have long strength training
backgrounds, such as high school athletes (Lockie et al., 2023a; Lockie et al., 2023b; Wakely et al., 2022) or
first responders (Dawes et al., 2019; Dawes et al., 2017; Lockie et al., 2020a; Lockie et al., 2020b), the study
sample is an applicable population. The sexes were combined in the sample for this study. As there can be
performance differences in maximal strength tests when comparing men and women (Leyk et al., 2007;
Lockie et al., 2020b; Reynolds et al., 2006), itis possible the relationships and predictive equations between
the LBD and ALBD could vary by sex. Only three testing sessions were used, and performance in the LBD and
ALBD seemed to improve. Despite potential impracticalities when using multiple familiarization or practice
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sessions (Grgic et al., 2020), Itis not known how many testing sessions may be required before performance
plateaus using either isometric strength testing device.

Conclusion

The study results indicated that when compared to the LBD, the ALBD recorded lower average and maximum
strength values, which indicated a fixed bias relative to agreement. However, the LBD and ALBD were highly
correlated. A regression provided prediction equations that explained 94% of the variance between the tests,
so even with the fixed bias, a practitioner could predict a LBD value from the ALBD if it was required. The LBD
and ALBD data were reliable, especially when considering the ICC and CV values within each testing session.
However, the data also suggested that individuals new to the isometric strength testing could exhibit higher
strength values when they become more familiar with the test. At least two familiarization or practice sessions
could be used to prepare participants for an isometric strength test, whether using the LBD or ALBD.
Nonetheless, both the LBD and ALBD were deemed useful tests across all sessions (i.e., SWC greater than
the TE), so they both provide viable methods to measure isometric strength.
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