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Abstract

The aim of this study was to assess the concurrent validity of the IsoKai isokinetic lift test
peak force (IsoKaipeak) in comparison to a submaximal 5-10RM deadlift test (5-10RMp,),
and to develop an equation for converting the IsoKaipeak in Newton (N) to an estimated 1RM
(1RMgt) deadlift load in kilograms (kg). The participants included 28 males and 16 female
employees in the Swedish Armed Forces (20-59 years). Each participant conducted the
IsoKai lift test, followed by the 5-10RMp, test at one occasion. The Pearson’s correlation
coefficient, with a 95% confidence interval was calculated to evaluate the validity between
the IsoKaipeak and the 1RMgg; deadlift load derived from the 5-10RMp, test. Univariate and
multivariable linear regressions were used to derive the equation for calculating the 1RMegg;
deadlift load based on the IsoKaipeak- The IsoKaipeax Showed good- to-excellent correlation
with the 1RM; deadlift weight with a correlation coefficient of 0.84 (0.72—0.91) for the total
sample, and 0.65 (0.37-0.83) and 0.81 (0.53—0.93) in males and females, respectively.
The final equation, 1RMgg; deadlift weight (kg) =-51.63 + (0.08 x IsoKaipeak) + (2.28 x BMI),
explained 72% (adjusted R? = 0.72) of the total variance in the 1RMg;, and had a standard
error of the estimate (SEE) of 16.57 kg. In conclusion, the IsoKai isokinetic lift test could be
considered a highly valid measure of maximal dynamic muscular strength in comparison to
the 5-10RMp,. The equation can be used to convert the IsoKai lift test (N) results to an
1RMe¢; deadlift load (kg), but with consideration of the relative large SEE.

Introduction

Measures of muscular strength are of importance in health care, sports and sports medicine,
and in physically demanding occupations, e.g. soldiers, firefighters and police officers, where
strength tests are commonly used for job selection and assessment during employment [1-5].
There are several ways to measure dynamic muscular strength. However, the one repetition
maximum (1RM) test, identifying the maximum weight a person can move once throughout
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the full range of a movement in a controlled manner, is regarded as the “standard” [2, 6]. The
1RM test has proven to be highly reliable (test-retest reliability coefficients; 0.74-0.99) [6]. An
approach commonly considered safer to establishing the IRM is to perform a submaximal rep-
etition maximum test with repetitions to failure [2, 6, 7]. The general recommendation is to
use no more than 10RM in a submaximal RM test in order to accurately estimate the IRM,
where 5-10RM are a commonly used estimation method [2, 7, 8].

Another alternative to assess dynamic muscular strength is to use an isokinetic strength
test, which involves assessment of strength during a movement performed at constant speed
and with resistance proportional to the amount of force produced during movement [1]. Isoki-
netic tests are considered to be highly reliable, fast and easy to assess, and relatively safe since
the resistance adapts to muscle force produced [2, 6].

The IsoKai isokinetic lift test has for several years been used to assess dynamic muscular
strength on admission to service in the Swedish Armed Forces (SWAF) and the Swedish Police
[9]. The IsoKai lift test is performed in a mechanic device during a maximal two-handed lift of
a weight-lifting bar from “floor” to shoulder level (Fig 1).

The peak force value (IsoKaipe,y, in Newtons), which represents the maximum dynamic
muscle force produced during the lift, is registered when the bar reaches about hip level. The
lift from “floor” to hip level mimics “deadlift”, a common free weight lift used in strength
training.

The IsoKai isokinetic lift shows excellent content validity (content validity index > 0.78)
with soldier’s tasks of lifting, carrying with hands and digging [10]. This association with mili-
tary tasks performance is critical. However, the IsoKai lift (IsoKaiyg) test has not yet been
assessed for its validity to the underlying criterion of muscle strength [11]. A drawback with
the IsoKai) test is that the measure of strength is produced during constant speed and varying
load, and not during constant load and varying speed as is done during lifting in real life.
Because dynamic muscle strength is commonly measured in weight, e.g. IRM in kg, an accu-
rate way of converting the IsoKaiy test measure to a IRM lifting capacity in kg would be of
practical use in admission and other job selection procedures, as well as helpful in determining
the intensity of strength training.

The aims of this study were (1) to assess the concurrent validity of the IsoKaiyy, test, as
administered during admission to the SwAF, in comparison to a submaximal 5-10RM deadlift
test (5-10RMpy), and (2) to develop an equation for converting the peak force produced from
the IsoKaiy test (IsoKaipe,) in Newton to an estimated IRM (1RM,,) deadlift weight in kg.

Material and methods
Design and study sample

Participants in this validity study comprised voluntary employees from the SwAF. To be
included, participants had to be without any pathology that could pose a risk of injury, or
influence the test performance. Participants received written information and signed a written
informed consent. Prior to testing, participants had to fill in a questionnaire concerning per-
sonal data, employment, physical workload and leisure physical activity (S1 Appendix) [12].
The study was approved by the Regional Ethic Committee of Stockholm, Sweden, dnr 2016/
2073-32. Characteristics of the participants are presented in Table 1.

Test procedure

The tests were conducted at the Swedish Defence Recruitment Agency in Stockholm, Sweden,
in 2017. The IsoKaiyg were administered by two licensed nurses who have several years of
working experience with the IsoKaij test. The submaximal 5-10RMp,, tests were overseen by
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Fig 1. An IsoKai isokinetic lift test and the corresponding force curve expressed as Newton per cm of the lift.

https://doi.org/10.1371/journal.pone.0207054.9001

Table 1. Characteristics of the study sample.

All Males Females
(n=44) (n=28) (n=16)
Age (years), median (IQR) 33 (14) 34 (16) 30 (10)
Height (cm), mean (SD) 175 (9) 180 (6) 168 (7)
Weight (kg), mean (SD) 78 (12) 83 (9) 68 (10)
BMI (kg/m?), mean (SD) 25 (3) 26 (2) 24 (3)
Leisure physical activity, n (%)
Low 12) 1(4) 0
Moderate 0 0 0
High 13 (30) 7 (25) 6 (38)
Very high 30 (68) 20 (71) 10 (62)
Physical workload, n (%)
Sedentary 34 (77) 21 (75) 13 (81)
Low 8 (18) 5(18) 3(19)
Moderate 2(5) 2(7) 0
High 0 0 0

IQR; interquartile range, SD; standard deviation, BMI; body mass index.

https://doi.org/10.1371/journal.pone.0207054.t001
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a registered physiotherapist (TB) who is well-experienced in muscular strength testing. Both
tests were performed on the same day, and the testing procedure followed a standardised test
protocol. Study participants were informed of the test procedure verbally and by watching a
short video clip containing the tests. A ten-minute warm-up session using a calibrated cycle
ergometer with 1.5 kp resistance and a pedalling rate of 60 rpm (= 100 Watts), was followed by
the IsoKaij test, a ten-minute resting period, and the 5-10RMp; test. The IsoKaij test was
regarded as the least stressful strength test and for that reason it was performed prior to the 5-
10RMpy test. Participants were blinded to the test results during the procedure. Both tests
were performed with the test administrator and the participant being alone in a room. Further,
the test administrators were not allowed to verbally encourage the participant during testing.
Participants could terminate all tests at any time and were told to stop if they experienced any
pain or discomfort during testing.

Assessments

The IsoKai isokinetic lift (IsoKaij;) test. The IsoKaig measures muscular strength dur-
ing a vertical lift from about 0.3 m from the floor to shoulder level. The device consists of a
frame supporting an international free-weight lifting barbell, connected to a hydraulic system
by two wires that regulate the speed of the lift at 0.3 m/sec. For each cm of lift produced, the
muscular force (N) is registered by a force plate. The length of the test participant is measured
by an electronic instrument connected to the device, and weight is registered by the force
plate. Prior to testing, the administrator practically demonstrated the lift to secure a safe testing
procedure, and the participant was allowed to perform one submaximal test to get used to the
technique. Then, the participant conducted the test lifts, standing with feet separated by shoul-
der width, lifting the barbell using a double overhand grip as, fast as possible (Fig 1). The
results were registered as the mean force value (N) of the lift and the peak force value (N), rep-
resenting the maximal force produced during the lift (Fig 1). Each participant performed three
to four lifts with at least two-minute rest in between, of which the highest IsoKai peak force
value (IsoKaipe,x) was used in further analyses.

The 5-10RM deadlift (5-10RMpy) test. Each participant conducted a 5-10RMp test
using an international free-weight lifting barbell of 20 kg and weight plates ranging from 2.5
kg to 25 kg [2, 7]. The test performance was standardised according to recommendations from
the American College Sports Medicine [8]. The speed of the lift followed a metronome set at
90 beats per minute, with one lift completed within 4 beats. The test administrator demon-
strated the lift using the technique suggested by Farley [13]. Next, the participants familiarised
themselves with the technique using a wooden stick, followed by a five repetition deadlift test
with a load of approximately 50% of their body weight. The test load was individually chosen
with regards to the participant’s body weight, physical activity level, training experience and
subjective evaluation of the testing load, using the Borg rating of perceived exertion scale [14].
After a short rest, the 5-10RMpy. test was executed. If the test resulted in less than 5, or more
than 10, repetitions, or if the participant were unable to keep the speed or the correct tech-
nique, a short rest was followed by a second testing with weights adjusted if needed. A maxi-
mum of three tests were allowed.

Calculating 1RM, from 5-10RMp; test results. To calculate the IRM,; deadlift weight
from the 5-10RMpy. test, we used the equation developed by Mayhew et al.; 1IRM = 100 x rep
weight / (52.2 + 41,9 x exp [-0.55 x reps]) [15]. In this equation, rep weight stands for the test
weight, reps the number of repetitions used, and exp [x] the natural logarithm of x to the base
of the mathematical constant “e”. The equation has good accuracy for males as well as for
females, and has been cross-validated in several populations [15, 16]. According to LeSure
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et al., the equation underestimates 1RM by about 10% when deadlift is used as test procedure.
Hence, a multiplicative factor of 1.10 was added to the original equation [17].

Statistics

Descriptive data were presented as means and standard deviations (SD) or medians and inter
quartile range (IQR). Concurrent validity was assessed using the Pearson’s correlation coeffi-
cient (r), and the 95% confidence intervals (95% CI) were calculated using the Fisher's
transformation recommended for sample sizes less than 100 [18]. The strength of the associa-
tion was evaluated with a correlation ranging from 0.50 to 0.75 indicating a moderate-to-good
association, and a correlation above 0.75 indicating a good-to-excellent association [11]. The
coefficient of determination (R?) was utilised as the percentage of variance in the calculated
1RM, that can be explained by the IsoKaipe, [11, 19]. A scatterplot was used to visualise the
correlation between measures, and the paired t-test was used to assess the potential differences
between the measures. To facilitate comparison between the measures, the IsoKaipe, was con-
verted from N to kg (1 N = 0.102 kg) in the analyses.

An ‘a priori’ sample size calculation showed that 38 participants was needed to detect a cor-
relation of at least 0.5 with an alpha level of 0.05 and statistical power of 0.90.

Development of the equation to convert IsoKaip,, to a IRM.. The development of the
equation for determining the 1RM,; deadlift weight (kg) by the IsoKaipe, (N) was done in
two steps using linear regression; univariate analyses followed by a multivariable backward
deletion procedure [19].

In the univariate analyses, the following factors that could potentially be associated to the
1RM, were considered: sex, weight, height, BMI, leisure physical activity and physical work-
load. A univariate linear regression was performed for each of the factors. Factors with a p-
value < 0.2 (Wald test), for the association with the 1RM., were considered as candidate fac-
tors for the multivariable analyses [19]. The associations between the candidate factors were
tested for collinearity, which was judged to be present if the Spearman’s correlation between
numeric variables was greater than 0.5, or when significant associations were found between
categorical variables (Chi-square test) or between categorical and numeric variables (Kruskall-
Wallis test). The presence of collinearity was managed by eliminating, from the analyses, fac-
tors that were judged to be the least important from a logical perspective.

In the multivariable analysis, a sequential backward manual selection procedure based on
linear regression was performed, including the candidate factors from the univariate analyses
[19]. The factor with the highest p-value (Wald test) was excluded one by one until all factors
in the model had a p-value < 0.1 [19]. The association between the included factor and the
outcome was reported as beta-coefficient () with standard error (SE) and corresponding 95%
CI, and standardised beta-coefficients (B). The accuracy of the equations was established using
the adjusted R? and the standard error of the estimate (SEE) [11, 19]. Assumptions of linearity
and homoscedasticity were utilised using residual plots and restricted cubic splines [19].

Statistical analyses were performed using Stata/IC version 14.2 (StataCorp LLC, USA). The
level of significance was set to 95%. Graphics were constructed using IBM SPSS Statistics ver-
sion 23 (IBM Corporation, USA).

Results

All 44 participants completed the tests. Twenty participants needed four attempts with the Iso-
Kaiyy test, whereas nine needed two attempts with the 5-10RMp test to obtain valid results.
No adverse events occurred during the testing procedures.
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Table 2. Correlation and coefficient of determination for the association between the IsoKaipe,y (kg) and the esti-
mated 1RM (1RM,,,) weights (kg) derived from 5-10RM deadlift (5-10RMpy) tests.

r 95% CI R?
All (n =44) 0.84 0.72-0.91 0.70
Males (n = 28) 0.65 0.37-0.83 0.43
Females (n = 16) 0.81 0.53-0.93 0.66

r; Pearson’s correlation coefficient, 95% CI; 95% confidence interval calculated using the Fisher’s transformation, R%

coefficient of determination

https://doi.org/10.1371/journal.pone.0207054.t1002

The result showed a good-to-excellent association between the IsoKaip., and 1RM, dead-
lift weights in the total sample, as well as among males and females (Table 2). The IsoKaipe,x
explained 70% (R 0.70) of the total variance in the 1RM_ weight in the total sample.

The scatterplot including linear regression lines for the correlation between the IsoKaipe,
(kg) and the 1RM,; (kg) from the 5-10RMpy, tests is illustrated in Fig 2.

The paired t-test showed that the means of IsoKaipe, and the means of 1RM,, differed by
20% in the total sample and in males, and by 23% in females (Table 3).

2007

S

O male ~~-~.-male

® female - -female

1507

Estimated 1RM (kq)

507

| | ' |
50 100 150 200

IsoKai peak force (kg)

Fig 2. Scatterplot with linear regression lines for the correlation between the IsoKai peak force (IsoKaip.,i) and
the estimated 1RM (RM,,) deadlift weights. Black line; total study sample, Hatched black lines; males and females
separately.

https://doi.org/10.1371/journal.pone.0207054.g002
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Table 3. Means of the IsoKaipe,i and the associated estimated 1IRM (1RM,,) deadlift weights.

IsoKaipeai 1RM,, Diff Diff
kg (SD) kg (SD) kg (SD) %
All (n = 44) 136 (32) 108 (31) 27* (18) 20
Males (1 = 28) 153 (24) 123 (27) 30% (21) 20
Females (n = 16) 105 (16) 80 (16) 247 (10) 23

Diff; difference between the IsoKaip,, and the 1RM. weight derived from the 5-10RMp tests, SD; standard
deviation.

*significant difference (p<0.001).

https://doi.org/10.1371/journal.pone.0207054.t003

Table 4. Final linear regression estimates from the multivariable analysis for converting the IsoKaipe,j (N) to an
estimated 1RM (1RM,,,) deadlift weight (kg), n = 44.

1RM, (kg) B SE 95% CI B
Intercept -51.63 24.32

IsoKaipeyi. (N) 0.08 0.01 0.06-0.09 0.76
BMI (kg/m?) 2.28 1.04 0.17-4.39 0.19

B; beta-coefficient, SE; standard error, 95% CI; 95% confidence intervals, B; standardised beta-coefficient.

https://doi.org/10.1371/journal.pone.0207054.1004

In the univariate analyses, factors sex, weight, height and BMI, met the criteria to be
included in the multivariable analysis. Weight and height showed collinearity with both sex
and BMI. We considered the most logical alternative to avoid collinearity and therefore weight
and height were excluded from further analyses. This resulted in a multivariable linear regres-
sion with the 1RM, as dependent factor, and IsoKaipe,, sex and BMI as independent factors.
During the sequential backward selection procedure, sex was excluded, resulting in a final lin-
ear regression for calculating the 1RM.; deadlift weight (kg) using the IsoKaipe,. (N) pre-
sented in Table 4.

The final regression had an adjusted R* of 0.72 and SEE of 16.57 kg. Based on the final
regression, an equation for converting the IsoKaipe, to a IRM,; deadlift weight would be;
1RM,; deadlift weight (kg) = -51.63 + (0.08 x IsoKaipe,y) + (2.28 x BMI). As an example, a per-
son with an IsoKaip,, of 1330 N and a BMI of 25 kg/ m?, as corresponding to the mean values
for the total sample in this study, would get a IRM. deadlift weight of; -51.63 + (0.08 x 1330)
+(2.28x25) = 111.77 kg.

Discussion

In this first study to assess the concurrent validity of the IsoKai isokinetic lift test, the test dem-
onstrated a good-to-excellent level of correlation with a submaximal 5-10RM deadlift test. The
result showed that the IsoKaipe, is a valid measure of maximal dynamic lifting capacity in a
sample of SWAF employees.

The two lift tests in this study (the IsoKaiyg and the 5-10RMpy ) are both demanding with
respect to lifting technique [1]. The association of muscle strength provided by these two tests
could be affected by the type and speed of muscle contraction, and because previous experi-
ence of the two tests differed between participants. Nevertheless, we found a 70 percent
explained variance between the 1RM weight estimated (1RM,,) by the 5-10RMp test and the
IsoKaipeqi.

A comparison between the IsoKaipear, directly converted from Newton to kg, and the
1RM,; deadlift weights in kg, showed the IRM, deadlift weights to be, on average, 20% lower
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than IsoKaipe, measures. This systematic difference was expected as we compared two differ-
ent test modalities, but the amplitude has not been established previously. The differences
found may be used as a rough estimate of what the IsoKaip.« means in actual lifting capacity
in kg. But as an attempt to find a more accurate way of conversion, we developed an equation
for calculating a 1RM. deadlift weight in kg using the IsoKai,c, in Newton. The equation
explained 72% of the total variance in the 1RM, deadlift weight and had a SEE of 16.57 kg.
The explained variance indicates that the equation could be useful for converting the
IsoKai,c,k in Newton to a IRM, deadlift weight on group level, e.g. in interventions targeting
lifting capacity. However, the amplitude of the SEE corresponding to about 15% of the mean
1RM, of 108 kg in the total sample implied a moderate accuracy when using the equation in
individuals.

We were unable to find any study concerning validity of isokinetic lift tests in relation to
deadlift. However, four studies investigated the concurrent validity between isokinetic lift tests
and measures of maximal box lifting capacity [20-23]. Pytel et al. compared an isokinetic lift
test, using the peak force as measure, with a maximum dynamic box lift in 10 male and 10
female college students and found, similar to the present study, good-to-excellent correlation
with lower correlation coefficients for males (0.87) than for females (0.92) [20]. The same
group repeated the study design with data from 48 male steel mill workers where a correlation
of 0.47 was found between the two lift procedures [21]. Jacobs et al. detected a correlation of
0.96 when comparing the relationship between an isokinetic lift test mean peak force measure
and operational box lifting test in 22 male and 28 female students [22]. In contrast to our
results and the results by Pytel et al., they reported higher correlation in males (r = 0.88) than
in females (r = 0.79). Within a population of 19 male and 6 female college students, Mital et al.
revealed a correlation of 0.52 between an averaged force of three isokinetic lifts and maximum
box lifting capacity [23]. We believe that these study results support our finding that an isoki-
netic lift test could be regarded as a valid test of maximal dynamic muscular strength. Similar
to our study, Pytel et al. and Jacobs et al. used linear regression analyses to construct equations
for calculating maximal lifting capacity based on the isokinetic force measure [20, 22]. In the
equations, Pytel et al. included sex as an independent factor in addition to the isokinetic force
measure, whereas Jacobs et al. included sex and body weight with the aim of increasing the
accuracy of the estimated maximal lifting capacity. Likewise, we considered these factors in the
development of our equation, but found BMI to be the factor that, together with the IsoKaipe,,
best predicted the maximal lifting capacity expressed as the IRM,; deadlift weight.

Based on the ‘a priori’ power calculation performed in this study, we believe our sample to
be of appropriate size when analysing the total sample, but may be regarded as small for the
evaluations on males and females. The statistical methods used in the development of the
equation followed recommendations by Vittinghoff et al., with the equation derived in two
phases in order minimise the risk of over-dispersion, and by using conservative p-values to
minimize the risk of type II errors [19].

Though the use of the 5-10RMp;, to calculate a IRM,, weight may be regarded as a limita-
tion, this approach is an accepted practice intended to decrease the risk of injury. We also
acknowledge that the Mayhew equation we used was developed for predicting the IRM bench
press weight. However, LeSuer et al. found a correlation of 0.95 between predicted and
observed 1RM using the Mayhew equation for deadlift. They also found the Mayhew equation
to underestimate the predicted 1RM deadlift weight with 10%, something we adjusted for in
our analyses [17].

The variability in the data increased with larger strength measures indicating poorer accu-
racy with larger values (Fig 2). A possible explanation could be that larger values allow for
larger differences than smaller values. However, these large differences were mainly seen in
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two of the male participants. Because of this, we reanalysed the data without these two male
participants, as well as with each of them separately excluded (results not shown). These analy-
ses resulted in correlations ranging from 0.85 to 0.86 in the total sample, which did not change
the overall interpretation of our results. Though these results demonstrate validity, validity of a
measurement applies only to the population in which it was tested why further validation of
the IsoKai isokinetic lift is required in other populations where it is intended to be used.

Decreased accuracy of a IRM, deadlift weight calculated from a 5-10RMp;, the heteroge-
neity of the study population, and the fact that lifting is a multi-joint movement may explain
the large variation of 15% (SEE = 16.57 kg) in the derived equation. A measurement error
inherent to the device itself, since the IsoKaipe, is registered momentarily, or differences in
the force produced by the participant at that specific moment, may also contribute to less accu-
racy and larger variation.

Physically demanding work tasks are common in military settings, with lifting being one of
the most frequent work tasks as well as being a strong risk factor for musculoskeletal injuries
[24-26]. In a scientific report from Karolinska Institutet (2011), Swedish recruits estimated
their heaviest loads lifted during combat training to be over 125 kg, with median loads esti-
mated to be 60 kg, for males, and 35 kg for females. Loads lifted differed across different
assignments, with male ranger recruits reporting lifting the heaviest loads followed by engineer
and artillery recruits. Heavy objects lifted were, for example, personal equipment, boxes, gre-
nades, tents and electric generators. In a thesis from 2009, Swedish ranger conscripts were
found to lift and carrying backpacks weighing up to 55 kg [27]. Loads lifted and carried by US
soldiers and UK soldiers range from 4.5 to 85 kg per person and 10 to 110 kg per person,
respectively [28]. Considering this, valid muscular strength test assessing lifting capacity is of
great importance in military settings.

The strong association found between the IsoKaiyg test and the 5-10RMpy test, and the pre-
viously validated content validity of the IsoKaiyy for lifting and digging, supports the use of the
test as an admission test for military personnel [10]. The equation derived in this study may
increase the accuracy of assigning personnel to work duties in the SwAF based on their
strength capabilities. The equation could also be used to calculate the intensity of strength
training protocols, however it needs to be cross-validated in an independent sample before use
in real practice.

Conclusion

The IsoKaiyy test showed good-to-excellent correlation with the submaximal 5-10RMpy, test,
and could thus be regarded as a valid measure of maximal dynamic muscular strength related
to lifting capacity in SWAF personnel. Though this study was limited to a SWAF population,
the results along with substantial supporting literature indicate that the IsoKaij test could be
considered a valid test for muscular strength in other healthy adult populations such as mili-
tary, police, firefighters and athletes. The derived equation could be used for converting the
IsoKaijg test peak force (N) to a IRM,, deadlift weight (kg). However, the large variation asso-
ciated with the 1RM,, deadlift weight is important to consider.

Supporting information

S1 Appendix. Leisure physical activity and physical work load.
(DOCX)

S1 Dataset.
(XLSX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0207054 November 6,2018 9/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0207054.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0207054.s002
https://doi.org/10.1371/journal.pone.0207054

®PLOS | one

Validity of an isokinetic lift test

Acknowledgments

The authors would like to thank all participants and personnel from the SWAF and the Swedish
Defence Recruitment Agency who took part in the study. A special thanks to Anna Engblom
and Peter Hellstrom from the Swedish Defence Recruitment Agency for administering the Iso-
Kai isokinetic lift tests, and to the photographer Fredrik Hofgaard.

Author Contributions

Conceptualization: Tony Bohman, Matthias Tegern, Alexandra Halvarsson, Lisbet Broman,
Helena Larsson.

Data curation: Tony Bohman, Helena Larsson.
Formal analysis: Tony Bohman, Lisbet Broman.
Funding acquisition: Helena Larsson.
Investigation: Tony Bohman, Helena Larsson.

Methodology: Tony Bohman, Matthias Tegern, Alexandra Halvarsson, Lisbet Broman, Helena
Larsson.

Project administration: Tony Bohman, Helena Larsson.

Resources: Tony Bohman, Helena Larsson.

Software: Tony Bohman.

Supervision: Helena Larsson.

Validation: Tony Bohman, Helena Larsson.

Visualization: Tony Bohman, Alexandra Halvarsson, Lisbet Broman.
Writing - original draft: Tony Bohman.

Writing - review & editing: Tony Bohman, Matthias Tegern, Alexandra Halvarsson, Lisbet
Broman, Helena Larsson.

References

1. Alman RE, Sloniger MA. Cardiorespiratory and Health-Related Physical Fitness Assessments. In:
Swain DP, editor. ACSM’s resource manual for Guidelines for exercise testing and prescription. 7:th
ed. Philadelphia: Wolter Kluwer/Lipincott Williams & Wilkins; 2014. p. 335-54.

2. Ronai P. Muscular Fitness and Assessment. In: Swain DP, editor. ACSM’s resource manual for Guide-
lines for exercise testing and prescription. 7:th ed. Philadelphia: Wolter Kluwer/Lipincott Williams &
Wilkins; 2014. p. 355-72.

3. Hauschild VD, DeGroot DW, Hall SM, Grier TL, Deaver KD, Hauret KG, et al. Fitness tests and occupa-
tional tasks of military interest: a systematic review of correlations. Occup Environ Med. 2017; 74
(2):144-53. https://doi.org/10.1136/0emed-2016-103684 PMID: 27810940

4. Lindberg A-S, Malm C, Oksa J, Gavhed D. Self-Rated Physical Loads of Work Tasks Among Firefight-
ers. IntJ Occup Saf Ergon. 2014; 20(2):309-21. hitps://doi.org/10.1080/10803548.2014.11077042
PMID: 24934427

5. Strating M, Bakker RH, Dijkstra GJ, Lemmink KAPM, Groothoff JW. A job-related fitness test for the
Dutch police. Occup Med. 2010; 60(4):255-60.

6. Kraemer WJ, Ratamess NA, Fry AC, French DN. Strength Training: Development and Evaluation of
Methodology. In: Foster C, Maud PJ, editors. Physiological assessment of human fitness. 2. ed. Cham-
paign, IL: Human Kinetics; 2006. p. 119—49.

7. Sheppard JM, Triplett NT. Program Design for Resistant Training. In: Haff GG, Triplett NT, ed. Essen-
tials of Strength Training and Conditioning. 4th ed. Champaign, IL: Human Kinetics; 2016. p. 439-69.

PLOS ONE | https://doi.org/10.1371/journal.pone.0207054 November 6,2018 10/11


https://doi.org/10.1136/oemed-2016-103684
http://www.ncbi.nlm.nih.gov/pubmed/27810940
https://doi.org/10.1080/10803548.2014.11077042
http://www.ncbi.nlm.nih.gov/pubmed/24934427
https://doi.org/10.1371/journal.pone.0207054

®PLOS | one

Validity of an isokinetic lift test

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Dumke CL. Helth-Related Physical Fitness Testing and Interpretation. In: Riebe D, Ehrman JK, Liguori
G, Magal M, editors. American College of Sports Medicine’s guidelines for exercise testing and pre-
scription. 10th ed. Philadelphia: Wolters Kluwer; 2018. p. 66—110.

The Swedish Defence Recruitment Agency. http://www.rekryteringsmyndigheten.se/english/.

Larsson H, Tegern M, Monnier A, Skoglund J, Helander C, Persson E, et al. Content Validity Index and
Intra- and Inter-Rater Reliability of a New Muscle Strength/Endurance Test Battery for Swedish Sol-
diers. PLoS One. 2015; 10(7):e0132185. https://doi.org/10.1371/journal.pone.0132185 PMID:
26177030

Portney LG, Watkins MP. Foundations of clinical research: applications to practice. 3rd edition, revised.
Philadelphia: F.A. Davis Company; 2015.

Ekblom-Bak E, Engstrém L-M, Ekblom B, Ekblom O. LIV 2000. Stockholm: 2011 2011-02-18. Report
No.: 1. (in Swedish).

Farley K. Analysis of the Conventional Deadlift. Strength Cond J. 1995; 17(6).

Borg G. Perceived exertion as an indicator of somatic stress. Scand J Rehabil Med. 1970; 2(2):92-8.
PMID: 5523831

Mayhew JL, Ball TE, Arnold MD, Bowen JC. Relative Muscular Endurance Performance as a Predictor
of Bench Press Strength in College Men and Women. J Strength Cond Res. 1992; 6(4):200-6.

Mayhew JL, Johnson BD, Lamonte MJ, Lauber D, Kemmler W. Accuracy of prediction equations for
determining one repetition maximum bench press in women before and after resistance training. J
Strength Cond Res. 2008; 22(5):1570-7. https://doi.org/10.1519/JSC.0b013e31817b02ad PMID:
18714230

LeSuer DA, McCormick JH, Mayhew JL, Wasserstein RL, Arnold MD. The accuracy of prediction equa-
tions for estimating 1-RM performance in the bench press, squat, and deadlift. J Strength Cond Res.
1997; 11(4):211-3.

Fisher RA. On the probable error of a coefficient of correlation deduced from a small sample. Metron.
1921; 1:3-32.

Vittinghoff E, Glidden DV, Shiboski SC, McCulloch CE. Regression Methods in Biostatistics, Linear,
Logistic, Survival, and Repeated Measures Models. 2nd ed. New York, USA: Springer New York;
2012.

Pytel JL, Kamon E. Dynamic strength test as a predictor for maximal and acceptable lifting. Ergonomics.
1981; 24(9):663—72. https://doi.org/10.1080/00140138108924889 PMID: 7318818

Kamon E, Kiser D, Pytel JL. Dynamic and static lifting capacity and muscular strength of steelmill work-
ers. Am Ind Hyg Assoc J. 1982; 43(11):853—7. https://doi.org/10.1080/15298668291410684 PMID:
7168442

Jacobs |, Bell DG, Pope J. Comparison of isokinetic and isoinertial lifting tests as predictors of maximal
lifting capacity. Eur J Appl Physiol Occup Physiol. 1988; 57(2):146-53. PMID: 3349979

Mital A, Karwowski W, Mazouz AK, Orsarh E. Prediction of maximum acceptable weight of lift in the hor-
izontal and vertical planes using simulated job dynamic strengths. Am Ind Hyg Assoc J. 1986; 47
(5):288-92. https://doi.org/10.1080/15298668691390007 PMID: 3717013

Hydren JR, Borges AS, Sharp MA. Systematic Review and Meta-Analysis of Predictors of Military Task
Performance: Maximal Lift Capacity. J Strength Cond Res. 2017; 31(4):1142—64. https://doi.org/10.
1519/JSC.0000000000001790 PMID: 28135227

Jaenen S. Identification of Common Military Tasks. In: Optimizing Operational Physical Fitness, Final
Report of Task Group 019, The Research and Technology Organization (RTO) of Nato, report TR-
HFM-080. 2009.

Roy TC, Ritland BM, Knapik JJ, Sharp MA. Lifting Tasks are Associated With Injuries During the Early
Portion of a Deployment to Afghanistan. Mil Med. 2012; 177(6):716-22. PMID: 22730849

Larsson H. Premature discharge from military service: Risk factors and preventive interventions. Dr.Sc.
Thesis, Karolinska Institutet, Stockholm, Sweden. 2009. https://openarchive.ki.se/xmlui/handle/10616/
38106.

Sharp M, Rosenberger M, JJ K. Common military task: Materials handling. In: Optimizing Operational
Physical Fitness, Final Report of Task Group 019, The Research and Technology Organization (RTO)
of Nato, report TR-HFM-080. 2009.

PLOS ONE | https://doi.org/10.1371/journal.pone.0207054 November 6,2018 11/11


http://www.rekryteringsmyndigheten.se/english/
https://doi.org/10.1371/journal.pone.0132185
http://www.ncbi.nlm.nih.gov/pubmed/26177030
http://www.ncbi.nlm.nih.gov/pubmed/5523831
https://doi.org/10.1519/JSC.0b013e31817b02ad
http://www.ncbi.nlm.nih.gov/pubmed/18714230
https://doi.org/10.1080/00140138108924889
http://www.ncbi.nlm.nih.gov/pubmed/7318818
https://doi.org/10.1080/15298668291410684
http://www.ncbi.nlm.nih.gov/pubmed/7168442
http://www.ncbi.nlm.nih.gov/pubmed/3349979
https://doi.org/10.1080/15298668691390007
http://www.ncbi.nlm.nih.gov/pubmed/3717013
https://doi.org/10.1519/JSC.0000000000001790
https://doi.org/10.1519/JSC.0000000000001790
http://www.ncbi.nlm.nih.gov/pubmed/28135227
http://www.ncbi.nlm.nih.gov/pubmed/22730849
https://openarchive.ki.se/xmlui/handle/10616/38106
https://openarchive.ki.se/xmlui/handle/10616/38106
https://doi.org/10.1371/journal.pone.0207054

