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INTRODUCTION

According to the results of a recent sur—
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ABSTRACT

Introduction. There is an increasing frequency of single joint isometric as-
sessments using force plates within team sports to inform training decisions,
however, limited methodological consistency has been identified within the lit-
erature, including onset threshold (muscle contraction initiation). Purpose. The
purpose of this study was to determine the effect of different onset thresholds
on force-time characteristics during a 90:90 isometric hamstring assessment.
Methodology: Twenty female soccer players (age: 20.7 + 4.7 years, height:
168.7 £ 5.9 cm; body mass: 64.4 £ 6.7 kg) completed three maximal trials per
limb. Five thresholds assessed, including five standard deviations (SD) of system
weight (SW, which included limb weight and any pre-tension) (SW., ), SW plus
I5N (SW”A), and 10-, 20-, and 30% of SW. Results: Moderate relative reliability
and excellent absolute reliability for force at 100 ms (F100) and 200 ms (F200),
and rate of force development (RFD) was observed for SW., and SW ., out-
performing percentage-based thresholds. 10-, 20- and 30% of SW resulted in
increased F100, F200, and RFD values, with large effects observed (nzp >0.166).
Conclusions: SW. and SW, , were identified as the most reliable and consistent
methods for assessing time-related force variables. Practical implications: Sport
scientists, strength and conditioning coaches, and medical staff who regularly
use isometric hamstring assessments to monitor training and return to sport
objectives are recommended to use either SW ., and SW  thresholds to ensure
valid and accurate results on the hamstrings force generating that can be used

to inform training.

Keywords: rapid force, rate of force development, fatigue, return to sport

2015; McMahon et al., 2023; Moreno-Perez et
al., 2020; Ripley et al., 2023). This increased

vey > 50% of practitioners in professional
men’s soccer use force plates (Weldon et al.,
2020), with recommendations to use these for
benchmarking, fatigue monitoring, and reha-
bilitation (Bishop et al., 2022). Commonly,
force plate testing has included dynamic and
isometric multi-joint assessments (Bishop
et al., 2022; Comfort et al., 2019); however,
more recently, with the increased availability
of wireless force plate technology, single-joint
isometric tasks are becoming commonplace
(Constantine et al., 2019; Cuthbert et al.,
2021; Matinlauri et al., 2019; McCall et al.,

technology availability enables rapid, non-fa-
tiguing isometric assessments to be performed.
Moreover, this allows for a single piece of
technology to be used for multiple dynamic
and isometric tests without relying on several
pieces of technology to assess athletes in dy-
namic and isometric tasks, maximizing por-
tability. Within soccer, muscle strain injuries,
specifically hamstring strain injuries, continue
to be the most prevalent injury (Ekstrand et
al., 2023; Maniar et al., 2023). As such, it has
been recommended that practitioners evaluate
eccentric hamstring strength to categorize risk
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(Opar et al., 2021; Opar et al., 2015; Timmins
etal.,2016). However, the uptake of the Nordic
hamstring exercises, used to assess and devel-
op eccentric hamstring strength, remains low
(Ekstrand et al., 2022; Ekstrand et al., 2023).
Moreover, as regular performance monitoring
should be implemented, ensuring that no addi-
tional increase in muscle soreness can be seen
is essential. Therefore, isometric tasks could
be preferred for monitoring purposes due to
the reduced chance of muscle soreness and
quicker assessment process.

Multiple iterations of isometric hamstring
assessments have been used within the litera-
ture and practice (Bettariga et al., 2023; Con-
stantine et al., 2019; Cuthbert et al., 2021;
Matinlauri et al., 2019; McCall et al., 2015;
Moreno-Perez et al., 2020; Ripley et al., 2023;
Ripley et al., 2024; Taberner & Cohen, 2018),
including a variety of setups and joint posi-
tions, ultimately affecting muscle-tendon unit
lengths and therefore force production capabil-
ity. The most frequently investigated isometric
hamstring assessment is the 90:90 assessment
(Constantine et al., 2019; Matinlauri et al.,
2019; McCall et al., 2015; Ripley et al., 2023;
Ripley et al., 2024), where the hip and knee
angles are both set at 90°. This position is sug-
gested to favor the medial portion of the ham-
strings (Onishi et al., 2002; Read et al., 2019),
specifically semitendinosus and semimembra-
nosus, although, as the intention should be for
knee flexion, both medial and lateral compo-
nents of the hamstrings will be activated during
the task. Other variations include the 30:30 and
90:20 (Constantine et al., 2019; Matinlauri et
al., 2019; McCall et al., 2015), where the hip
and knee joints are set to 30° of hip and knee
flexion and 90° of hip flexion and 20° of knee
flexion, respectively. As each of these varia-
tions will likely impact the tension placed upon
the hamstrings, for example with the 90:20 iso-
metric placing the hamstrings at the greatest

muscle tension there will likely be increased
system weight (i.e., the mass of the limb and
muscle tension applied prior to the start of the
test) and potentially increased variability in
some athletes such as team sport athletes who
possess tight hamstrings (Cejudo et al., 2021).
This increased variability, through an inability
to remain still or the potential of shifts in ver-
tical and horizontal force (Rasp et al., 2024),
could impact accurate identification of the on-
set of force production, which is essential for
accurate assessment of time-related force-time
characteristics (Dos’Santos et al., 2017).
Isometric hamstring assessments have
been consistently used to monitor hamstring
,Jreadiness across the literature. Peak force
has been consistently reported to be reduced
following a fatiguing activity (Bettariga et al.,
2023; Constantine et al., 2019; Matinlauri et
al., 2019; McCall et al., 2015), highlighting the
sensitivity of such tests in all testing positions.
However, Rapid force has the potential for
diverging characteristics among athletes, spe-
cifically in their ability to apply force rapidly
(Barber et al., 2024), highlighting the need to
observe rapid force measures. Therefore, peak
force alone might not provide a true represen-
tation of fatigue-induced changes in hamstring
force-generating characteristics and thus the
manifestation of fatigue. To date, researchers
have only reported the effect of a fatiguing ac-
tivity on rapid force measures in two studies
(Bettariga et al., 2023; Cosio et al., 2024). Bet-
tariga et al. (2023) observed a greater magni-
tude of change within RFD (g =1.37) in com-
parison to peak (g =1.33) for the non-dominant
limb (Bettariga et al., 2023), highlighting the
need to observe measures of rapid force accu-
rately. In order to identify measures of rapid
force production, including RFD, the onset of
force production needs to be accurately identi-
fied (Dos’Santos et al., 2017). Using a thresh-
old of 5 standard deviations (SD) from a stable
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weighing period of system weight (SW) has
also been shown to be the most accurate for
collecting force-time specific and RFD mea-
sures within multi-joint isometric assessments
such as the mid-thigh pull (Dos’Santos et al.,
2017; Guppy et al., 2024). However, oth-
er thresholds could be more appropriate due
to variability and the lower absolute system
weight during single joint isometric testing. To
date, no study has looked to determine an opti-
mal onset threshold calculation for any single
joint isometric assessment.

With the increasing frequency of single
joint isometric force assessment in soccer for
benchmarking and monitoring purposes, iden-
tifying the optimal data analysis methods is
crucial for practitioners to make objective de-
cisions on the training process. Currently, there
is no consensus on the optimal method of iden-
tifying the onset of force within a single joint
isometric hamstring assessment, which would
be imperative for measures of rapid force.
Therefore, the purpose of this study was to de-
termine the effect of different onset thresholds
on force-time characteristics assessed within
the 90:90 isometric hamstring assessment us-
ing force plates. It was hypothesized that using
five SDs from SW (SW_,) would provide the
most accurate and reliable method for deter-
mining onset threshold for the identification of
force-time specific and RFD measures within
the 90:90 assessment isometric hamstring as-
sessment, in comparison to other absolute and
relative onset thresholds.

METHODS

Experimental design

An observational cross-sectional research
design was used to determine the effect of
varying force onset thresholds on the 90:90
isometric hamstring strength assessment on
a single test occasion, determining the effect
of different onset thresholds across three tri-

als performed. Based on the work of Borg et
al. (2022), and previously identified intraclass
correlation coefficient (/CC) values for this
test (Ripley et al., 2024), an expected /CC of
> .80, an alpha error probability p<.05 and
statistical power of 80%, a required sample
of 33 was identified to determine the reli-
ability of the methods. To determine the dif-
ference between onset thresholds, with an al-
pha error probability p <.05, statistical power
of 80%, and an effect size f of 0.27 (Ripley
et al., 2024), a minimum sample of 15 was re-
quired. The sample size estimations were cal-
culated using G*Power (Version 3.1, Universi-
ty of Diisseldorf, Germany) (Faul et al., 2007).

Participants

Twenty female soccer players with a min-
imum of 2 years of resistance training experi-
ence (age: 20.7 £4.7 years; height: 168.7+5.9
cm; body mass: 64.4 = 6.7 kg, Tier 3-4 as sug-
gested by McKay et al. (2022), volunteered to
participate in the study. Each limb was taken as
an independent sample (7 =40), which enabled
the reliability aspect of the study. Participants
were required to have had no hamstring-relat-
ed injuries for > 6 months prior to taking part.
Organizational consent was acquired prior to
approaching the participants, and all partic-
ipants provided written informed consent, or
parental/guardian assent where required, to
participate in the study. Ethical approval was
granted by the University of Salford institu-
tional ethics committee (HSR1819-037) in
accordance with the Declaration of Helsinki
2013. Participants completed the tests prior to
their regular training day, following a standard-
ized warm-up including two sets of 10 repeti-
tions of squats, lunges, hamstring stretches, leg
swings, and calf raises. A familiarization ses-
sion was carried out 48 hours after a competi-
tive fixture, with the testing session completed
three days after familiarization.
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90:90 Isometric hamstring test description

Force-time data during the 90:90 isomet-
ric assessments were measured using a force
plate (Kistler Type 9286AA: Kistler Instru-
ments Inc., Amherst, NY, USA), sampling at
1000 Hz, and collected using Kistler’s Bio-
Ware software. The force plate was placed
upon a wooden plyometric box at an appro-
priate height for each participant using a go-
niometer, this was determined by participants
lying in a supine position with their knee at
90° of flexion, only their heel resting on the
force plate with footwear removed and their
hip at an angle appropriate to allow the low-
er shank to be parallel to the floor (i.e., 90°)
(Figure 1). The test was applied unilaterally,
with the non-testing leg being placed fully ex-
tended next to the box and arms placed across
the chest. Three trials for each leg were ex-
ecuted by the participants driving their heel
down into the force platform for between

201
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Figure 1. 90:90 Isometric Knee Flexor Test

Data analysis

Raw force-time data for each trial were
analysed using a customized Microsoft Excel
spreadsheet (version 2019, Microsoft Corp.,
Redmond, WA, USA). Initially, force-time
data sampled at 1000 Hz was filtered to 250 Hz
based on the recommendations from Ripley et
al. (2024) when using the isometric hamstring
assessment.

Peak force, force at 100 ms (F100), force
at 200 ms (F200) and the average rate of force
development (RFD) from 0-200 ms were cal-

3-5s, following three submaximal trials using
identical methods; each trial was collected by
the same practitioner who was an accredited
strength and conditioning coach with experi-
ence in administering force plate assessments.
Between maximal trials, 60 seconds of rest
was provided between efforts. Participants
were instructed to remain as still as possible,
without initiating a movement for at least a
1-second period to permit the calculation of
system weight (SW [i.e., the weight of the
limb]) and associated force-time data, includ-
ing onset, before the instructions to ‘pull hard
and fast’. Participants were required to repeat
trials if their hips raised off the ground for ei-
ther the contralateral or ipsilateral side, which
was determined by visual inspection, or if a
countermovement was performed, the latter of
which was detected through inspection of the
force trace following each repetition.

2

culated from the net force values (excluding
limb weight established from the one second
initial weighing period) for each trial calculat-
ed via dividing force at 200 ms by 0.2 s. The
mean of the three trials was taken and used for
further analysis when determining mean dif-
ferences between onset threshold and associ-
ated rapid force metrics, as this accounts for
natural variation and minimizes the effect of
random errors.

Five different onset thresholds were imple-
mented and compared to explore the effects of
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different onset thresholds on 90:90 isometric
force-time variables. The criteria onset thresh-
old and onset of the contraction (referred to as
time point 0 ms) were defined as force exceed-
ing five SDs from SW (SW, ). The other on-
set thresholds were compared against the cri-
terion method and were defined as point when
(a) force exceeded 10% from SW (SW ), (b)
force exceeded 20% from SW (SW,,), (c) force
exceeded 30% from SW (SW, ), and (d) force
exceeded 15 N from SW (SW ). The com-
bined residual force and SW were calculated
as the average force over a 1-second station-
ary weighing period before the initiation of
the 90:90 isometric assessment, similar to the
weighing period calculations of SW during
vertical jump (McMahon et al., 2018; Mc-
Mabhon et al., 2019) and isometric multi-joint
strength assessments (Dos’Santos et al., 2017,
Guppy et al., 2024).

Statistical analyses

All within reliability (i.e., reliability ac—
ross three trials within the same session)
analysis was performed across the three
trials, where absolute reliability was calcu-
lated using coefficient of variance (CV%)
based off the sample SD and interpreted
based on the upper bound 95% confidence
interval (CI) as <5 % (excellent), 5-9.99%
(good), 10-14.99% (moderate) and >15%
(poor), respectively. Relative reliability was
assessed using two-way absolute agreement
(3,1) ICC (Koo & Li, 2016; McGraw &
Wong, 1996; Shrout & Fleiss, 1979), ICC
values were interpreted based on the lower
bound 95% CI (ICC; poor < .49, moderate
.50-.74, good .75-.89 and excellent > .90)
as suggested by Koo & Li (2016).

Data were initially pooled for each limb
and are presented as the mean=+ SD. Norma-
lity was verified using the Shapiro-Wilk test.
An a priori alpha level was set at <.05. The

mean of the difference (bias) was expressed
absolutely and as a percentage, ratio (criteri-
on method/alternative method), 95% limits
of agreement (LOA) (LOA: mean of the dif-
ference + 1.96 standard deviations) and 95%
CI were calculated between onset threshold
methods using the methods described by
Bland and Altman (1986). Unacceptable
LOA were set a priori as bias percentage
greater than +5%.

A series of one-way analyses of variance
(ANOVA) with Bonferroni post-hoc compari-
sons, bootstrapped to 10,000 samples (Efron,
1987), were conducted to determine whether
there were significant differences between the
different onset thresholds for the onset thresh-
old, F100, F200, and RFD. Statistical signifi-
cance was defined as p < .05 for all tests, with
resultant p values corrected, using Bonferroni
correction, to reduce the risk of a family-wise
error. The magnitude of differences within the
one-way analysis of variance was also calcu-
lated using Partial eta squared (1°,) interpret-
ed as < .01 (trivial), .01-.06 (small), .07—.13
(medium) and > .14 (large effect), while pair-
wise Cohen’s d effect sizes and interpreted
based on the recommendations of Hopkins
(2002) .00—.19 (trivial) and .20—.59 (small),
.60—1.19 (moderate) and >1.20 (large). All
statistical analyses were conducted using
JASP (Version 0.19.0, computer software).

RESULTS

Within session reliability,
ween-trial SD values are presented in Table
1. Both SW_ and SW _ demonstrated mod-
erate relative reliability for all variables, with
excellent absolute reliability observed for the
onset threshold and F100 and F200, but only
good absolute reliability for RFD 0—200 ms.
In contrast, SW, SWZO’ and SW_  resulted in
poor to moderate relative reliability and good

mean =+ bet-

to excellent absolute reliability.
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SW , resulted in the lowest onset threshold,
with a progressive increase as the percentage
of system weight increased, with similar trends
observed for time-related force variables (Ta-
ble 1). A large overall effect (7°, > 0.166) was
observed between the methods for determin-
ing the onset of force for the onset thresholds,
F100, and F200. In contrast, only a medium

overall effect (n°, = 0.139) was observed for
RFD 0-200 ms (Table 2). Small-large differ-
ences as determined via Cohen’s d effect sizes
were observed for the onset threshold value
between methods, with trivial-large differenc-
es between onset threshold methods for F100
and F200, and trivial-moderate differences
were identified between RFD 0—200 ms.

Table 2. Cohen's d pairwise differences (95% confidence interval) between onset threshold
methods for the onset threshold and rapid force characteristics.

SWSSD SWI(] SWZO Sw30
Onset oW~ M OTT21D) gy 637029 1.02)
SW,, = 1.09 (0.42-1.76) SW,, =037 (-0.29-1.02)
threshold SW., = 0.74 (0.08-1.40) SW, =0.40 (-0.25-1.06)
~ SW., = 0.72 (0.06-1.38) o 113 07 sy SWisy =077 (0.11-1.43) 7
SW . =0.32(-0.34-0.97) = "N (0.47-1.81)
SW =139 (0.71-2.08)
SW,, = 0.66 (0.01-1.32
Foreeat oy ' 0.73 0.07-1.39) ( ) SW,, = 031 (:0.34-0.97)
100 ms SW,, =0.98 (0.31-1.64) SW ., =0.26 (-0.39-0.92)
pey SW., = 0.42 (-0.24-1.07) S = 124 (056109 SWisy = 057 (-0.08-1.23) " 7~
SW = 0.15(-0.50-0.81) = "N (0.56-1.92)
SW =124 (0.56-1.92)
SW,, =0.70 (0.04-1.36
Forceat oy '—0.54 (:0.12-1.20) ( ) SW,, = 0.22(:043-0.88)
200 ms SW,, =0.92 (0.26-1.59) SW . =021 (-0.45-0.86)
pes SW., = 032 (-0.34-0.97) S 113 (01 g0y SWisw = 043 (-0.23-1.09) " T
SW,_ = 0.11 (:0.54-0.76) 5 Wiy = 113 (0:46-1.80)
RED W0 LIAOASL80) gy 6 570.07-1.80)
0-200ms o2 =057 (005057 SW,, = 0.80 (0.15-1.44) v~ 02 COA080 o 0 0.83-0.42)
_(N/s)m SW., = 034 (-0.30-0.98) S =009 (0351 e SWisy =042 (021-1.06) "7
SW = 0.14 (-0.49-0.78) = "N (0.35-1.64)

RFD = average rate of force development SW = system weight, SW .,
= 20% of system weight, SW.

SW,,= 10% of system weight, SW.

weight plus 15 N

The relative percentage thresholds (SD,,

= 5 standard deviations of system weight,
=30% of system weight, S W= System

30

and RFD in comparison to SD, and SD

SD,, & SD, ) resulted in lower F100, F200 (Figure 2).
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Figure 2. A combined raincloud plot shows the difference in rapid force-generating character-
istics between onset threshold methods.

Unacceptable bias (95% LOA>5%) was SW  vs.SW_,SW_ vs.SW ., and SW, vs.
observed for all comparisons apart from SW  for RFD 0-200 ms (Table 3).
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DISCUSSION

The purpose of this study was to deter-
mine the effect of different onset thresholds on
force-time characteristics assessed within the
90:90 isometric hamstring assessment using
force plates. The hypothesis can be accept-
ed, as meaningful differences were observed
in the onset threshold and measures of rapid
force (F100, F200, and RFD) when using dif-
ferent methods of identifying onset. The cri-
terion method, SW.,, resulted in the greatest
onset threshold value, while 10% of SW was
the smallest onset threshold value. These dif-
ferences resulted in small to large differenc-
es in measures of rapid force. Absolute and
relative reliability were also impacted by the
onset threshold method used; excellent ab-
solute and moderate relative reliability were
observed for the onset threshold value. Excel-
lent-good absolute reliability was seen for all
measures of rapid force for SW_and SW _,
whereas good-moderate absolute reliabili-
SW,, and SW,_.
had the greatest

ty was observed for SW
Similarly, SW_ and SW .
relative reliability, with moderate reliability
observed for all, while only poor reliability
was observed for SW, , SW, and SW, meth-
ods. When comparing between the methods
onset identification, unacceptable bias (95%
LOA > 5%) was observed for all comparisons
apart from SW . vs. SW, , SW_vs. SW _,
and SW, vs. SW . for RFD 0-200 ms, this
could be explained by these methods result-
ing in the greatest onset threshold values in
comparison to SW, . SW,_ .

Peak force has most frequently been re-
ported within isometric assessments of the
hamstrings when using force plate technology,
however, as a strong relationship has recently
been observed between peak force and rapid
force (Ripley et al., 2023), with the potential for
diverging characteristics among athletes when

rapid force is made relative to peak force (fast

and strong, fast and weak, slow and strong,
slow and weak) (Barber et al., 2024). Hence,
despite being useful in monitoring neuromus-
cular function, observations of peak force alone
might not provide a true representation of fa-
tigue-induced changes (Barber et al., 2024).
Moreover, the potential injury occurrence with-
in 200 ms of ground contact during sprinting
also provides a rationale to observe these rapid
time points (Heiderscheit et al., 2005). Rapid
force has been assessed in several studies, the
majority of researchers using the SW_ = for
identification of the onset (Barber et al., 2024;
Ripley et al., 2023; Ripley et al., 2024; Rip-
ley et al., 2024), citing this method as the most
appropriate in multi-joint isometric tasks (Mc-
Mahon et al., 2018; McMahon et al., 2019).
However, it was unclear if this remained the
optimal method due to changes in overall SW
to a single joint task, such as the 90:90 ham-
string assessment. Consistent with previous lit-
erature, F100 and F200 demonstrated improved
reliability regardless of the onset threshold
used (Ripley et al., 2023; Ripley et al., 2024);
however, the improved reliability when using
SW5SD and SWI5N supports the use of the
previous method identified with the isometric
mid-thigh pull, SW_ . A single study has ob-
served the effect of fatigue on RFD within the
30:30 isometric assessment (Bettariga et al.,
2023), the authors did not identify the method
used to identify force onset, however, due to the
small to significant effects when using different
onset thresholds future research should look to
identify onset and to utilize SW_, method.
Consistent with the present study, moderate re-
liability was observed for RFD by Bettargia et
al. (2023), with moderate-to-large decreases in
RFD identified across early time points, high-
lighting its utility despite the need for accurate
onset identification.

Previous literature has attempted to identi-
fy optimal onset thresholds in multi-joint iso-
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metric assessments, specifically the isometric
mid-thigh pull (Dos’Santos et al., 2017; Gup-
py et al., 2024). Dos’Santos and colleagues
(2017) recommended that 5SD of SW should
be used by practitioners and scientists when
measures of rapid force (F100, F200) and RFD
are of interest. When onset of force was iden-
tified as 5SD of SW produced the lowest time
specific force values in comparison to other
automated methods, this contrasts the results
of the present study as the 5SD of SW method
resulted in the highest onset threshold, hence
identified the most significant forces at set time
(F100 and F200) and RFD to 200 ms following
onset in comparison to other methods. Accept-
able agreement was observed between SW
SDISN
identified for any other force measure. The

58D’
and SW, for RFD, with no agreement

agreement between onset thresholds is likely
due to the lower onset force values potential-
ly picking up unwanted artefacts within the
force trace as the onset, not the true initiation
of force contraction. In comparison to the
isometric mid-thigh pull, agreement was ob-
served between 2.5 and 5% SW and SW | for
time-specific force values (Dos’Santos et al.,
2017), with inflated time-specific force values
for SW, and SW + 75N. The authors suggest-
ed this was related to the lower onset bias ob-
served, with values identified on a lower por-
tion of the slope of the force-time curve. This
is in contrast to the present study where SW_
had the highest onset bias (i.e., greatest onset
thresholds force value), to a small-large mag-
nitude, which appears to be most useful for
single joint tasks where the overall SW is con-
siderably lower when compared to the isomet-
ric mid-thigh pull where SW accounts for the
participants entire body mass. More recently,
Guppy et al. (2024) performed a similar study
using the isometric mid-thigh pull, comparing
automated onset using SW +40 N, SW__ . and
3SD of SW with manual identification. Auto-

mated relative thresholds (i.e., SW, - and 3SD
of SW) agreed with manual identification of
onset, substantial differences were observed
for time-dependent measures, with no agree-
ment with force at 50 ms and 150 ms (Guppy
et al., 2024). Guppy et al. (2024) highlighted
that automated thresholds were slightly more
reliable in identifying time-dependent mea-
sures, which is supported by both Dos’Santos
etal. (2017), where SW plus an absolute value
of 75 N and SW +10% had the lowest abso-
lute and relative reliability. However, the im-
proved reliability of the present was related to
the highest onset threshold, SW . and SW
highlighting that the variability of the weigh-
ing period impacts time-dependent measures
of force. The three percentage-based methods
(SW,,, SW,, and SW, ) may not be sufficient
to achieve an accurate identification, and due
to the lower onset bias, they have increased
variability; therefore, future research may con-
sider larger percentages of SW to identify on-
set accurately.

It is crucial for practitioners and scientists
to accurately report methods of data collection
and data analysis for all assessments to aid
in replication. Both Dos’Santos et al. (2017)
and Guppy et al. (2024) highlight the need for
consistency and accuracy of reporting when
attempting to perform force plate assessments
for longitudinal monitoring. Hence, standard
operating procedures should be followed for
all force plate assessments using evidence
methodologies such as those provided for
the isometric mid-thigh pull (Comfort et al.,
2019; Guppy et al., 2018a, 2018b). For the
single joint isometric assessments, such as
the 90:90 isometric hamstring assessment and
other variants, this is imperative for consisten-
cy and accuracy especially when using these
methods to monitor training, injury risk and
fatigue which can have implications on player
selection, training, return to sport and health
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highlighting the necessity of developing rec-
ommendations for practitioners and scientists
to follow (Bettariga et al., 2023; Constantine et
al., 2019; Cuthbert et al., 2021; Matinlauri et
al., 2019; McCall et al., 2015; Moreno-Perez
et al., 2020; Ripley et al., 2023; Ripley et al.,
2024; Taberner & Cohen, 2018).

This study is not without limitations. First-
ly, onset identification has only been performed
using multi-joint assessments with larger SW;
the same methods could not work directly
with the single joint assessments. Therefore,
the methods developed and used within this
study are variations of those used in multi-joint
tasks and may require further refinement to en-
sure an optimal approach can be determined
in identifying force onset during single-joint
tasks. Moreover, the participants within this
study were a homogeneous sample of soccer
players, who may exhibit low relative shank
weights, impacting the accuracy of onset as
identified by the different identification meth-
ods. Future research should include a wid-
er sample of participants, such as rugby and
American footballers, in which different shank
weights may be expected to be heavier. The ap-
plication of the conclusions of this study to the
other variants also needs further investigation,
especially for the 90:20 isometric assessment
where SW could be exponentially greater than
in the 90:90 assessment due to the testing po-
sition testing the entire lower limb, plus the
potential for inflated SW through hamstring
muscle testing (Cejudo et al., 2021).

CONCLUSIONS

Practitioners and scientists who want to lon-
gitudinally assess time-dependent measures of
force, such as force at set time points or RFD,
in order to monitor responses from training, in-
jury risk and fatigue need to consider the meth-
od of onset identification as there are mean-
ingful differences observed in time-dependent

measures of force when using different meth-
ods of identifying onset for the 90:90 isometric
hamstring assessment. Moreover, as absolute
and relative reliability were also impacted by
the onset threshold method used, the greatest
reliability for time-dependent force measures
was observed for SW  and SW . . As single
joint isometric assessments are relatively new,
with the first study published in 2015 (McCall
et al., 2015), this should enable and empower
practitioners and scientists to work collabo-
ratively to develop standard operating proce-
dures for both the collection and analysis of
single joint isometric hamstring assessments
when using force plates. It is recommended
that all practitioners adopt a standard operat-
ing procedure for single joint isometric ham-
string assessments when using force plates
that ensures both reliable and accurate results.
However, scientists should ensure accurate re-
porting of onset threshold to allow appropriate
comparison.
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