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Abstract: Hamstring strain injuries are one of the most common non-contact injuries in sport. Ham-
string strength and asymmetry are two key modifiable risk factors for hamstring strain injuries;
therefore, it seems important to find reliable tests for assessing hamstring strength. The purpose of
this study was to determine the within- and between-session reliability of a portable fixed dynamome-
ter for measuring hamstring strength using three different protocols. Fourteen male participants
completed three hamstring isometric protocols across three testing occasions separated by seven
days. Peak force, mean force and impulse all had good to excellent within- and between-session
reliability for the standing hamstring, supine 90:90 and standing 90:20 assessment (CV = 2.6–11.7%,
ICC = 0.74–0.99), while peak rate of force development had moderate to excellent relative consistency
(ICC = 0.64–0.90) and unacceptable absolute consistency (CV = 17.1–36.6%). The 90:20 assessment
produced significantly higher values (33.4–47.3%) compared to the standing and 90:90 assessments for
peak force, mean force and impulse. It appears that a portable fixed dynamometer can reliably mea-
sure a range of force–time metrics during three different hamstring assessments; however, the results
of the tests cannot be used interchangeably and practitioners comparing hamstring force capability
between individuals/research studies need to be cognizant of this and proceed with caution.

Keywords: strain gauge; load cell; diagnostics; force; hamstring injuries

1. Introduction

Hamstring strains are one of the most common non-contact injuries in sports such
as soccer [1], sprinting [2], rugby union [3], and many other team sports that require
high-intensity bouts of maximal sprinting [4]. There are two main non-modifiable risk
factors for hamstring strain injuries, such as older age and previous hamstring injuries,
with reinjury rates reported at 12–13% [5,6]. However, there are several modifiable risk
factors for hamstring strain injuries, such as fatigue, biceps femoris fascicle length [7],
high-speed running loads [4,8], strength [9], interlimb asymmetry—the difference between
left and right leg [9,10]—and intralimb asymmetry—the difference between quadriceps
and hamstring strength within the same limb [2,11]. Given the importance of strength and
asymmetry for minimizing hamstring strain injury risk, it seems important to screen and
track hamstring strength on a regular basis.

Isokinetic dynamometry is considered the ‘gold standard’ screening tool for the as-
sessment of hamstring strength [12,13]; however, the use of this equipment comes with an
array of limitations, such as high cost, lack of portability and considerable training required
by the assessor [14]. There have been numerous studies that have used cheaper and more
portable pieces of equipment for measuring hamstring strength, such as force plates [15,16],
strain gauge/load cells [17,18] and handheld dynamometers [19,20].
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Force plates have been used across a range of different hamstring assessments, such as
the supine 150:30◦ [15,16,21], supine 90:90◦ [16,21,22] and standing 90:20◦ (hip angle/knee
angle) tests [22]. Research groups have reported acceptable within- (CV’s = 4.85–8.61%,
ICC = 0.83–0.93) and between-session (CV’s = 4.34–8.72%, ICC = 0.76–0.95) reliability for
peak force, as confirmed by a force plate (500–1000 Hz) measuring isometric hamstring
strength during the 150:30◦ [15,16,21]. Additionally, Bettariga et al. [15] also reported
on the within-session reliability of rate of force development (RFD) over time intervals
of 50–100 ms and 100–150 ms relative to the onset of contraction; however, despite the
strict methodological procedures, RFD was reported as not reliable (CV = 18.42–28.77%,
ICC = 0.76–0.83). In terms of the supine 90:90◦ test, researchers have also reported accept-
able within- (ICC = 0.82–0.85, CV = 5.32–7.72%) and between-session (ICC = 0.70–0.95,
CV = 2.84–10.23%) reliability for peak force [16,18,21]. Ripley et al. [18] also reported
acceptable reliability for average RFD over 100 ms and 200 ms (CV = 8.33%, ICC = 0.64,
CV = 4.40%, ICC = 0.61, respectively). To the authors’ knowledge, the standing 90:20◦

test has only been used previously by one group of researchers [22], who only reported
on absolute consistency (CV = 7.3–11.0%). Though force plates have been reported to be
reliable during these isometric hamstring assessments, they still pose some limitations
around transportability and cost.

For many years, practitioners have utilized handheld dynamometers (HHDs) as cost-
effective alternatives for isometric assessments during rehabilitation. Difficulties have
been documented regarding the use of HHD, as tester strength can significantly impact
the results of the test [23]. Researchers have reported acceptable inter-rater reliability for
HHDs among different hamstring isometric assessments, such as prone 15◦ (knee flexion)
(ICC = 0.74–0.83, SEM = 29–31), 90◦ (knee flexion) (ICC = 0.71–0.76, SEM = 23–26) [19],
supine 90◦ (ICC = 0.71–0.83, SEM = 42–32) [24] and seated hamstring curl (ICC = 0.91) [25].
To the authors’ knowledge, there is no research determining the between-session reliability
of HHDs during isometric hamstring assessments.

In more recent times, the use of strain gauge and load cell technology has been
implemented by practitioners. Researchers have reported acceptable reliability of this
technology for within- (CV = 6.67–9.50%; ICC = 0.75–0.91) [16,20,26] and between-session
reliability (CV = 6.27–10.58%, ICC = 0.68–0.91) for peak force during a range of kneeling,
lying, standing and seated positions [16,20,26,27]. Miralles-Iborra et al. [27] also measured
RFD, during a seated (30◦ knee flexion) hamstring curl; however, the results were not
reported as reliable (CV = 26.3–35.1%, ICC = 0.59–0.75), potentially due to the low sampling
frequency (80 Hz) of the strain gauge used, which will not provide an accurate value for
RFD, given that human skeletal muscle is capable of producing >10 maximum isometric
forces per second [28,29]. Therefore, technology with higher sampling frequencies is
required during hamstring assessments to gain accurate RFD measures.

As evident by the current research reviewed in this manuscript, isometric hamstring
strength has been tested in a range of different positions. It has been consistently noted
that testing hamstring strength at long muscle lengths may reflect the larger work of the
hamstring during the late swing phase and initial contact during running and sprinting [30].
However, the authors acknowledge that testing hamstrings at different angles, ranges of
motion and muscle lengths emphasizes different muscles of the hamstring complex. For
example, the biceps femoris muscle has been shown to be maximally activated between
15◦ and 30◦ of knee flexion (from full knee extension), whereas the semi-membranous and
semi-tendinous muscle were maximally activated at angles between 90◦ and 105◦ [31].
Furthermore, it might be that a short to long muscle length approach to the testing of
the hamstrings may better align with early- to late-stage rehab, given the location or the
severity of the hamstring strain.

With the literature reviewed in mind, there is a need for a low-cost, high-accuracy,
and high-utility alternative for measuring hamstring strength during a range of different
positions that can be utilized during early to late stages of rehabilitation, as well as for
tracking hamstring strength and asymmetry in healthy athletes. Additionally, many of
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these previously mentioned technologies only report peak force, with a small portion also
presenting RFD at low sampling frequencies. These metrics may not be suitable to track
for those in early-stage rehab; for example, metrics that provide insights into other aspects
of force capability, such as contraction duration, mean force and impulse, may be more
appropriate. Once an athlete has progressed into mid- and late-stage rehab, maximal and
explosive strength variables may be of more interest to the practitioner, such as peak force
and RFD. Therefore, the aim of this study was to evaluate the intra- and inter-session
reliability of a commercially available, portable, low-cost and high-resolution portable fixed
dynamometer for measuring different force–time variables, during a range of different
hamstring assessments, which can be utilized through all stages of rehabilitation.

2. Methodology
2.1. Experimental Approach to the Problem

A cross-sectional, repeated measures design was used for comparative analysis of
reliability for peak force, mean force, RFD, contraction duration and impulse during three
different maximal voluntary isometric contractions (MVICs) of the hamstrings, as measured
with a portable fixed dynamometer device (Hawkin TruStrength, Portland, ME, USA) at a
sampling rate of 1200 Hz. Participants attended a familiarization session and three testing
sessions exactly seven days apart, at the same time of day to minimize biological variability.
Reliability was established using changes in the mean, ICCs and CVs.

2.2. Participants

Fourteen recreationally resistance-trained males (age, 22.71 ± 2.49 y; body mass
85.2 ± 12.44; height, 181.07 ± 6.92; resistance training experience 5.5 ± 2.79 y) volunteered
to participate in this study. Participants were excluded from the study if they had a lower
limb injury in the last six months that might affect their performance in the assessments. All
participants were fully informed of the risk involved and gave written informed consent.
This research was approved by the University’s Ethics Committee (Ethics 24/184).

2.3. Procedures

Participants performed a 10 min standardized warm-up, consisting of 5 min of jogging
on the treadmill at a self-selected pace, 10 walking lunges, 10 “sweep the chickens”, and a
20 s quadriceps and hamstring stretch on each leg. The end of the warm-up consisted of
two submaximal trials at 50% and 75% effort, using each leg for different tests. Participants
completed three different hamstring protocols: the supine 90:90, standing 90:20 and the
standing hip extension. The order of these tests was randomized during their first testing
session and recorded and repeated for the following two sessions. Participants completed
five trials per leg for each protocol, with 40 s rest between trials. If a trial was deemed
unsuccessful due to the observation of compensatory movements, a repeat trial was given
after 40 s rest.

2.3.1. Standing Hamstring Assessment

The HTS dynamometer was secured to a rack, while the other side had an eyelet
attached as shown in Figure 1A. The eyelet had a carabiner attached to a link chain to
allow an appropriate distance of the participant’s ankle away from the rack (~40 cm). At
the opposite end of the link chain, another carabiner with an ankle strap was attached
for the participant to place around their ankle. The participant was instructed to begin in
a standing position with the ankle strap attached to their working leg (Figure 1A). The
participant had their non-working leg on a raised surface to ensure the testing leg was
free and did not touch the ground during the movement. The participant had one arm
crossed over their chest while the other was making slight contact with 2–3 fingers against
the rack to help maintain balance, as shown in Figure 1B. This was to help prevent any
compensatory movements occurring during the trials. Once the participant was in this
position, the first tester would instruct the participant to apply force as ‘hard and as fast
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as possible’ to ensure maximal force was reached immediately. The second tester ensured
the participant was keeping a strict standing position and not hinging from the hips. Once
the participant had held peak maximal force for 3 s, the first tester would instruct the
participant to stop. The participant rested for 40 s before completing the next trial on the
same leg. The participant completed 5 trials per leg.
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Figure 1. (A) Hawkin TruStrength attached to rack and participant’s ankle. (B) Participant set up for
standing hamstring assessment.

2.3.2. Supine 90:90 Hamstring Assessment Procedures

The Hawkin TruStrength (HTS) was attached to a base plate with a compression
pad attached to the opposite side, as shown in Figure 2A. The participant was asked to
lie in a supine position with the base plate at a height relative to the participant’s ankle
height, while the knee and hip joint were at 90 degrees. Joint angles were measured using
a goniometer to ensure accuracy and repeatability for each participant. The participant
was instructed to place their arms over their chest to eliminate their usage during the
test, as shown in Figure 2B. The non-working leg was placed in a straight position with
the hip and knee at 180 degrees, allowing the leg to rest on the floor. The second tester
would apply pressure downwards (see Figure 2C) to ensure there were no compensatory
movements during the trial. Once the participant was in this position, the first tester
instructed the participant to apply force as ‘hard and as fast as possible’ to ensure maximal
force was reached immediately. The participant held the isometric contraction for 3 s
and was instructed when to stop by the tester. The participant then rested for 40 s before
completing the next trial on the same leg. The participant completed 5 trials per leg.
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2.3.3. Standing 90:20 Hamstring Assessment Procedures

The HTS was attached to a base plate with a compression pad attached to the opposite
side, as shown in Figure 1A. The participant was instructed to be in a standing position
with their back, head and buttocks against the wall, arms placed across their chest, and the
non-testing leg placed against the wall (see Figure 3). The participant was instructed to
bring the hip of the leg being tested to 90 degrees. The base plate with the HTS attached was
placed relative to the participant’s hip and knee angle to ensure the hip was at 90 degrees
and the knee was at 20 degrees. This was measured by the first tester using a goniometer
to ensure standardization and accuracy. The second tester used both hands and applied
pressure to the leg against the wall to ensure the non-testing leg was against the wall, as
shown in Figure 3. Once the participant was in this position, the first tester would instruct
the participant to apply force ‘as hard and as fast as possible’ to ensure maximal force was
reached immediately. Once 3 s had elapsed, the first tester instructed the participant to
stop. If any compensatory movement was detected by tester 1 or 2, for example, rotation of
the lumbo-pelvic region or loss of contact with the wall, the trial was considered invalid
and was then repeated. The participant would then rest for 40 s before completing the next
trial on the same leg. Each participant completed 5 trials per leg.
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2.4. Data Analyses

Data from each trial were exported from the Hawkin TruStrength mobile application
(version 9.4.0) (to an excel spreadsheet. The application automatically calculates the vari-
ables of interest, which were calculated in the period between the force onset and offset,
otherwise known as the contraction duration. Peak force was calculated as the absolute
maximum force whilst mean force was calculated as the average of the force signal during
the entire contraction duration. Peak RFD was calculated using an 8-tap FIR filter (Hawkin
TruStrength, Portland, ME, USA). This filter removes some noise, without distorting the
true peak and is essentially a rolling average of eight datapoints to find the peak RFD in
the signal, during the contraction duration. Impulse was calculated by integrating the force
signal over the contraction duration. A steady pre-tension period prior to the force onset
was observed for all trials.

2.5. Statistical Analysis

All statistical analyses were performed using the IBM SPSS statistical software package
(version 29.0; IBM Corporation, Armonk, NY, USA) and Hopkins spreadsheet of analy-
sis [32]. Outlier and normality analysis was performed on the raw data. Normality was
determined using the Shapiro–Wilk test. Any extreme outliers were removed before further
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analysis occurred. The best three trials based on peak force values were used for further
analysis. Paired t-tests were used to determine any differences between the left and right
legs for each of the variables. No significant differences occurred between the left and right
leg; therefore, the reliability analysis was run on the right leg only. Data were reported as
mean and standard deviations for each variable of interest. Systematic biases were deter-
mined using a repeated measures ANOVA with Bonferroni post hoc comparisons. Absolute
and relative consistency were used to quantify reliability. Absolute consistency between
trials and sessions was quantified using CVs, where measures less than or equal to 10%
were deemed acceptable [33]. Relative consistency between trials (ICC 3,1) and sessions
(ICC 3,k) was determined using an ICC, and classified as follows: ‘very poor’ (<0.20), ‘poor’
(0.20–0.49), ‘moderate’ (0.50–0.74), ‘good’ (0.75–0.90) or ‘excellent’ (>0.90) [34,35]. Finally,
a repeated measures ANOVA with Bonferroni post hoc comparisons on the average of
the best three trials for session three was used to determine if there were any significant
differences in force outputs between each test.

3. Results

The within-session results are reported in Table 1 and between-session results in
Table 2. There was no significant (p < 0.05) systematic change within the variables across
the three trials and sessions. This means that any changes in the data were random and not
due to factors such as learning effects.

Table 1. Within-session reliability.

Variable

Mean ± SD % Change in Mean
(95% CI)

CV
(95% CI)

ICC
(95% CI)

Trial 1 Trial 2 Trial 3 Trial
2-1

Trial
3-2

Trial
2-1

Trial
3-2

Trial
2-1

Trial
3-2

Standing

Peak force
(N)

319.4 ±
68.2

320.5 ±
69.1

320.0 ±
67.8

0.3
(−3.6–4.3)

−0.2
(−3.1–2.8)

5.0
(3.6–8.1)

3.7
(2.6–6.0)

0.96
(0.88–0.99)

0.98
(0.93–0.99)

Mean force
(N)

264.4 ±
52.5

267.3 ±
52.7

265.4 ±
51.7

1.0
(−4.9–7.3)

−0.7
(−3.4–2.1)

7.7
(5.5–12.7)

3.5
(2.5–5.7)

0.88
(0.67–0.96)

0.98
(0.93–0.99)

Impulse
(N·s)

829.7 ±
170.0

833.8 ±
134.8 826 ± 159 1.0

(−5.5–8.0)
−1.3

(−5.2–2.7)
8.5

(6.1–14.1)
5.1

(3.7–8.3)
0.83

(0.54–0.94)
0.94

(0.83–0.98)

Peak RFD
(N·s−1)

1503.0 ±
730.6

1562.5 ±
569.3 1569 ± 790

8.0
(−14.8–

36.9)

−9.7
(−21.1–3.3)

28.3
(19.0–54.9)

17.1
(12.0–29.7)

0.72
(0.24–0.91)

0.90
(0.71–0.97)

Supine 90:90

Peak force
(N)

337.5 ±
77.4

337.2 ±
74.0

341.0 ±
76.3

0.1
(−3.1–3.4)

1.1
(−1.3–3.5)

4.1
(3.0–6.7)

3.0
(2.2–4.9)

0.98
(0.94–0.99)

0.99
(0.96–1.00)

Mean force
(N)

293.5 ±
69.3

286.5 ±
64.2

297.6 ±
68.2

−2.1
(−6.2–2.1)

3.7
(0.5–7.1)

5.4
(3.9–8.8)

3.9
(2.8–6.4)

0.96
(0.89–0.99)

0.98
(0.94–0.99)

Impulse
(N·s)

962.3 ±
237.0

947.6 ±
199.6

968.8 ±
218.9

−0.6
(−5.3–4.3)

1.9
(−1.0–4.9)

6.1
(4.4–10.0)

3.6
(2.6–5.9)

0.96
(0.87–0.99)

0.98
(0.95–0.99)

Peak RFD
(N·s−1)

1414.3 ±
601.1

1502.1 ±
613.3

1694.5 ±
677.3

0.7
(−16.2–

20.9)

11.8
(−4.3–30.6)

23.9
(16.6–42.4)

21.0
(14.8–35.9)

0.76
(0.39–0.92)

0.83
(0.55–0.94)

Standing 90:20

Peak force
(N)

487.2 ±
136.3

479.3 ±
129.0

484.1 ±
133.8

−1.3
(−3.4–0.8)

0.8
(−1.6–3.1)

2.6
(1.9–4.3)

2.9
(2.1–4.7)

0.99
(0.98–1.00)

0.99
(0.98–1.00)

Mean force
(N)

418.4 ±
118.3

411.4 ±
108.5

415.8 ±
111.4

−1.2
(−3.4–1.1)

1.0
(−2.0–4.0)

2.8
(2.1–4.6)

3.7
(2.7–6.1)

0.99
(0.98–1.00)

0.99
(0.96–1.00)

Impulse
(N·s)

1386.9 ±
419.1

1321.8 ±
339.9

1325.1 ±
373.5

−3.4
(−8.6–2.0)

−0.5
(−4.4–3.4)

6.9
(5.0–11.4)

4.9
(3.5–8.0)

0.96
(0.88–0.99)

0.98
(0.93–0.99)

Peak RFD
(N·s−1)

1552.1±
858.0

1413.5 ±
599.2

1382.5 ±
651.9

9.5
(−7.1–29.1)

−9.9
(−23.8–6.5)

20.1
(13.9–36.5)

19.2
(13.1–36.2)

0.88
(0.64–0.96)

0.87
(0.60–0.96)
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Table 2. Between-session reliability.

Variable

Mean ± SD % Change in Mean
(95% CI)

CV
(95% CI)

ICC
(95% CI)

Session 1 Session 2 Session 3 Session
2-1

Session
3-2

Session
2-1

Session
3-2

Session
2-1

Session
3-2

Standing

Peak force
(N)

308.6 ±
70.9

310.9 ±
60.9

320.0 ±
67.1

1.7
(−4.3–8.1)0

2.6
(−2.1–7.5)

7.8
(5.6–12.8)

5.9
(4.2–9.6)

0.91
(0.75–0.97)

0.94
(0.82–0.98)

Mean force
(N)

254.2 ±
60.0

263.4 ±
51.3

265.7 ±
50.3

4.7
(−2.5–12.4)

1.0
(−3.9–6.2)

9.1
(6.5–15.0)

6.3
(4.5–10.4)

0.88
(0.67–0.96)

0.92
(0.77–0.97)

Impulse
(N·s)

819.2 ±
167.7

839.6 ±
155.7

830.1 ±
146.1

2.8
(−2.6–8.6)

−1.0
(−5.8–4.2)

6.9
(5.0–11.4)

6.4
(4.6–10.4)

0.90
(0.73–0.97)

0.91
(0.73–0.97)

Peak RFD
(N·s−1)

1495.3 ±
856.3

1428.4 ±
579.9

1712.1 ±
894.3

2.5
(−16.4–

25.6)

16.1
(−5.8–43.2)

28.3
(19.8–49.3)

29.2
(20.4–51.1)

0.80
(0.49–0.93)

0.74
(0.36–0.91)

Supine 90:90

Peak force
(N)

321.7 ±
75.3

326.3 ±
78.0

333.6 ±
75.9

1.1
(−4.0–6.6)

2.7
(−2.4–8.2)

6.7
(4.8–10.9)

6.5
(4.7–10.7)

0.95
(0.86–0.98)

0.95
(0.86–0.98)

Mean force
(N)

277.7 ±
66.0

279.0 ±
70.8

292.5 ±
66.4

−0.1
(−6.9–7.1)

5.8
(−1.9–14.1)

8.9
(6.4–14.8)

9.7
(7.0–16.1)

0.92
(0.77–0.97)

0.90
(0.72–0.97)

Impulse
(N·s)

956.5 ±
194.7

948.2 ±
241.0

959.6 ±
215.8

−2.2
(−13.0–

10.0)

2.1
(−3.7–8.2)

15.4
(10.9–26.0)

7.4
(5.3–12.2)

0.74
(0.36–0.91)

0.94
(0.83–0.98)

Peak RFD
(N·s−1)

1388.4 ±
580.0

1672.9 ±
641.5

1574.3 ±
634.9

20.9
(2.8–42.2)

−5.1
(−16.5–7.9)

22.0
(15.5–37.7)

17.0
(12.1–28.8)

0.83
(0.55–0.94)

0.88
(0.68–0.96)

Standing 90:20

Peak force
(N)

475.7 ±
117.5

475.0 ±
128.6

483.5 ±
132.7

−0.5
(−7.3–6.7)

1.7
(−3.3–6.9)

8.9
(6.4–14.8)

6.3
(4.5–10.3)

0.93
(0.80–0.98)

0.97
(0.90–0.99)

Mean force
(N)

400.8 ±
98.7

410.5 ±
106.3

408.1 ±
115.2

2.3
(−4.4–9.4)

−1.1
(−7.8–6.0)

8.6
(6.2–14.3)

8.9
(6.4–14.8)

0.93
(0.79–0.98)

0.93
(0.79–0.98)

Impulse
(N·s)

1354.8 ±
372.7

1344.0 ±
390.6

1344.6 ±
373.9

−0.7
(−9.3–8.7)

0.5
(−6.9–8.4)

11.7
(8.4–19.6)

9.7
(7.0–16.1)

0.90
(0.73–0.97)

0.93
(0.79–0.98)

Peak RFD
(N·s−1)

1415.1 ±
730.0

1334.5 ±
609.8

1545.4 ±
759.7

−4.3
(−25.8–

23.4)

14.9
(−5.8–40.1)

36.6
(25.4–65.3)

27.5
(19.3–48.0)

0.64
(0.18–0.87)

0.78
(0.45–0.92)

3.1. Standing Hamstring Assessment

With regard to the standing hamstring assessment, peak force, mean force and impulse
were all found to have acceptable absolute consistency (CV = 3.7–8.5%) and good to
excellent relative consistency (ICC = 0.83–0.98) for within-session reliability. The largest
change was observed between trials 3 and 2 for peak RFD (−9.7%), which was found to
have moderate within-session reliability (CV = 17.1–28.3%, ICC = 0.72–0.90). Similar results
were found for between-session reliability, where peak force, mean force and impulse were
all found to be reliable (CV = 5.9–9.1, ICC = 0.88–0.94), while peak RFD was found to have
good relative reliability (ICC = 0.74–0.80); however, absolute reliability was not found to be
acceptable (CV = 28.3–29.2%).

3.2. Supine 90:90 Assessment

Once more, peak force, mean force and impulse were found to have excellent within-
session reliability (CV = 3.0–6.1%, ICC = 0.96–0.99), while peak RFD had good rela-
tive reliability (ICC = 0.76–0.83) and poor absolute reliability (CV = 21.0–23.9%,). The
largest between-trial change was observed between trials 3 and 2 for peak RFD (11.8%).
In terms of between-session reliability, peak and mean force had excellent reliability
(CV = 6.5–9.7%, ICC = 0.90–0.95), while impulse had moderate to excellent reliability
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(CV = 7.4–15.4, ICC = 0.74–0.94). The largest change between sessions was observed for
peak RFD (20.9%), which had moderate reliability (CV = 17.0–22.0%, ICC = 0.83–0.88).

3.3. Standing 90:20 Assessment

In terms of the 90:20 assessment, peak force, mean force and impulse all had ex-
cellent within-session reliability (CV = 2.6–6.9%, ICC = 0.96–0.99), while peak RFD had
good relative reliability (ICC = 0.87–0.88) and poor absolute within-session reliability
(CV = 19.2–20.1%). The largest change between trials was observed between 2 and 1 for
peak RFD (20.1%). Similar results were observed between sessions with peak force, mean
force and impulse all having excellent relative reliability (ICC = 0.90–0.97), while peak and
mean force had acceptable absolute reliability (CV= 6.3–8.9%). Impulse had acceptable
between-session reliability for session 3-2 (9.7%); however, session 2-1 was slightly over the
10% threshold (11.7%). The largest between-session change was found between sessions 3
and 2 for peak RFD (14.9%).

3.4. Between Assessment Comparisons

The comparisons for each variable across assessments are presented in Table 3. No
significant differences were found for peak force, mean force and peak RFD between the
standing hamstring assessment and the supine 90:90 (mean difference = −26.85–28.95,
p > 0.05); however, there was a significant difference for the impulse variable (mean
difference = −129.44, p = 0.045). Peak force, mean force and impulse were all significantly
different when comparing the standing hamstring assessment and the standing 90:20
assessment (mean difference = −514.46–149.52, p < 0.001) and comparing the supine 90:90
and the standing 90:20 (mean difference = −385.02–122.67, p < 0.001). Peak RFD was not
significantly different across assessments (mean difference = 28.91–57.86, p > 0.05).

Table 3. Comparison of outputs across the three testing positions.

Variable

Peak Force
(N)

Mean Force
(N)

Impulse
(N·s)

Peak RFD
(N·s−1)

Mean Difference
± SE p-Value Mean Difference

± SE p-Value Mean Difference
± SE p-Value Mean Difference

± SE p-Value

Standing vs.
90:90 −18.62 ± 14.36 0.652 −26.85 ± 12.34 0.146 −129.44 ± 46.22 0.045 28.95 ± 164.88 1.00

Standing vs.
90:20 −163.6 ± 23.42 <0.001 −149.5 ± 21.46 <0.001 −514.46 ± 75.82 <0.001 57.86 ± 195.55 1.00

90:90 vs.
90:20 −144.9 ± 21.10 <0.001 −122.7 ± 17.71 <0.001 −385.02 ± 69.88 <0.001 28.91 ± 152.22 1.00

4. Discussion

The purpose of this study was to evaluate the within- and between-session reliability of
a portable fixed dynamometer for measuring different force–time variables during a range
of different hamstring assessments. To gain insight into the full reliability of a measure,
it is recommended that systematic changes in mean, absolute and relative consistency
are all reported [34]. The main findings were as follows: (1) all variables except peak
RFD had acceptable CVs and had good to excellent ICCs for within- and between-session
reliability for the standing hamstring assessment; (2) for the supine 90:90 assessment, peak
force, mean force and impulse had good to excellent relative within- and between-session
reliability, while absolute reliability was found to be acceptable for all but between sessions
2 and 1 for impulse; (3) the 90:20 hamstring assessment had good to excellent relative
within- and between-session reliability for all variables except peak RFD, and acceptable
absolute reliability for all but between sessions 2 and 1 for impulse; and (4) for most of the
variables assessed, values increased depending on the test used, with the lowest values
recorded for the standing hamstring test and the greatest values for the 90:20 test.

To the authors’ knowledge, this was the first study to determine the reliability of a
portable fixed dynamometer in measuring a range of different force–time variables during
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a standing hip extension assessment. In terms of within-session reliability, systematic biases
were non-significant, and absolute and relative consistency was good to excellent—CVs
were ≤8.5% and ICCs > 0.83 for peak force, mean force and impulse across the three trials.
Similar results were observed for within-session reliability, with peak force, mean force and
impulse all having good to excellent reliability—CVs were ≤9.1% and ICCs were >0.88,
and peak RFD was moderate at best (CVs = 28.3–29.2%; ICCs = 0.74–0.80). With regard
to previous research, there is limited research that has been performed in this standing
position. Kawaguchi and Babcock [36] compared a standing hip extension isometric
contraction measured with an isokinetic dynamometer to a prone position with 90◦ knee
flexion. The authors did not report on the ICC of the standing position as measured via
isokinetic dynamometry. Another research group reported on the within-session reliability
of a standing hip isometric endurance protocol measured via EMG (ICC = 0.631–0.98,
SEM = 3.39–8.20); however, no force–time metrics were reported. Therefore, this study
appears to be the first to quantify the reliability of a novel standing hip extension assessment,
which may be suitable for athletes and those in late-stage or return-to-play rehabilitation.

With regard to the supine 90:90 hamstring assessment, peak force, mean force and
impulse all had moderate to excellent relative consistency (ICC = 0.74–0.95), whereas
the only between-session variable that did not have acceptable absolute consistency was
impulse (CV = 15.4%). Once again, peak RFD was reported to have unacceptable ab-
solute consistency (CV = 17.0–23.9%), whereas relative consistency was deemed good
(ICC = 0.76–0.88). Previous researchers have determined the reliability of the supine
90:90 hamstring assessment measured via a force plate. Cuthbert et al. [16] reported good
within-session reliability (CV = 5.32–7.33%, ICC = 0.82–0.85) and moderate between-session
reliability (CV = 7.52–10.23%, ICC = 0.70–0.80) for peak force measured via a force plate
(sampling frequency—1000 Hz) in female soccer players. Better between-session reliabil-
ity was reported by McCall et al. [21], as measured via a force plate (CV = 4.34–5.48%,
ICC = 0.95) in elite male soccer players. Both research groups only reported peak force mea-
sures. Similar within- and between-session results were reported in this study
(CV = 3.0–6.7%, ICC = 0.95–0.99). Ripley et al. [18] also reported reliable between-session
peak force as measured via a force plate (CV = 2.84%, ICC = 0.98); however, they also
reported on rapid force-generating measures. Interestingly, the authors observed accept-
able absolute reliability for average RFD over 100 and 200 ms, with moderate relative
reliability (CV = 4.40–8.33%, ICC = 0.61–0.64), which is largely different from the results
observed in this study (CV = 17.0–22.0%, ICC = 0.83–0.88). These differences may be due
to several different reasons. First, the metrics, though both are rapid force-generating
measures, are not calculated the same; peak RFD was reported in this study rather than
its average at certain epochs. Second, instructions given to athletes may have differed;
however, Ripley et al. did not report on the instructions given to their participants [18].
Third, the differences in technology, i.e., force plates measuring at 1000 Hz, compared to a
portable fixed dynamometer measuring at 1200 Hz may account for the differences. Lastly,
the populations differed between studies, with resistance-trained males being used in this
study as compared to female soccer players.

The third assessment performed was the 90:20 hamstring assessment, which had
similar within- and between-session reliability to the standing hip extension and 90:90
hamstring assessment. Once more, peak force, mean force and impulse all had acceptable
to excellent reliability (CV = 2.6–11.7%, ICC = 0.90–0.99) across trials and testing occa-
sions, with peak RFD having unacceptable absolute consistency (CV = 19.2–36.3%) and
moderate to good relative consistency (ICC = 0.64–0.88). To the authors’ knowledge, only
one other research group has determined the reliability of the 90:20 hamstring assessment
measured via force plate technology (500 Hz) [22]. The authors only reported between-
session absolute reliability (CV = 7.3–11.0%) for peak force, which was similar to our results
(CV = 6.3–8.9%). Other research groups have investigated similar knee and hip angles
during an isometric hamstring assessment in a lying and seated position [16,19–21,25,27].
For example, McCall et al. [21] determined the reliability of a lying hamstring assessment
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with a knee angle of 30◦, measured via a force plate (1000 Hz). The authors reported good
to excellent within-session reliability for peak force during this position (CV = 4.84–6.31%,
ICC = 0.86–0.93). Miralles-Iborra et al. [27] determined the between-session reliability
of a seated hamstring isometric assessment at long muscle lengths (knee flexion = 30◦,
hip flexion = 90◦) measured via a load cell. They also reported good to excellent relia-
bility (CV = 9.1–9.6%, ICC = 0.88–0.90) for peak force and poor reliability for peak RFD
(CV = 26.3–35.1%, ICC = 0.59–0.75), which was similar to the results of this study.

To the authors’ knowledge, this is the first study to compare hamstring tests. Our
results show significantly higher peak force (35.26–40.71%), mean force (34.67–43.92%),
and total impulse (33.42–47.31%) during the 90:20 assessment, compared to the standing
hamstring and 90:90 assessment. Only impulse was found to be significantly different
between the standing hip assessment and the 90:90 assessment (14.46%), with greater
impulse being produced during the 90:90 assessment. These differences in findings are
likely due to two key factors. Firstly, the length–tension relationship of muscle will influence
how much force can be produced at longer compared to shorter muscle lengths [37].
Secondly, different angles put emphasis on different muscles of the hamstring complex; for
example, the biceps femoris muscle has been shown to be maximally activated between
15◦ and 30◦ of knee flexion, i.e., the 90:20 assessment, whereas the semi-membranous and
semi-tendinous muscles are maximally activated at knee angles between 90◦ and 105, i.e.,
the 90:90 assessment [31]. Therefore, when choosing a hamstring assessment, practitioners
should consider these factors. Given the findings of the current study, it appears that the
results of each test are not interchangeable, and therefore, each test needs to be performed
in isolation, i.e., comparisons cannot be made across tests. Furthermore, it might be that a
short to long muscle length approach to the testing of the hamstrings may better align with
early- to late-stage rehab, given the location or the severity of the hamstring strain.

Given the prevalence of hamstring injuries in sport [1–4] and the modifiable risk
factors such as strength and asymmetry, it seems important to have reliable assessments
that can assess hamstring strength at a range of different muscle lengths, and during all
stages of rehabilitation. As mentioned previously, for the majority of the existing research,
peak force is typically the only variable reported. Whilst it is an important variable to
measure and monitor, it only represents an athlete’s force capability for a small moment
in time, i.e., 1/1200th of a second in this study. Variables such as mean force and impulse
are more representative of overall force capability and may better represent hamstring
strength. All mean force and impulse measures had acceptable reliability within and
between sessions. Based on the results of this study and previous research [18,27], RFD
metrics appear to be unreliable. This finding is consistent with the literature, which states
that RFD is typically less reliable than maximum force and substantially so during the
early phase of contraction [29]. Therefore, further instructions in the methodology may be
required to improve the consistency of this measure. It needs to be noted that the subjects of
this study were self-reported injury-free healthy males; therefore, these results should only
be generalized to that specific population. Future research should focus on determining the
reliability of this device in females and specific sporting populations.

5. Summary

This study was the first to examine the within- and between-session reliability of a
portable fixed dynamometer for measuring hamstring strength in three different positions.
All variables except for peak RFD were found to be reliable both within and between
sessions. These results were found to be comparable to other technologies. Additionally,
the high sampling rate of the portable fixed dynamometer allows for higher-resolution
force–time data across a variety of different variables that many other technologies do not
provide (mean force and impulse). Finally, each test recorded the hamstring force capability
at different ranges of motion/muscle lengths, which resulted in different force outputs
dependent on position. This means that the results of the tests cannot be used interchange-
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ably and practitioners comparing hamstring force capability between individuals/research
studies need to be cognizant of this and proceed with caution.
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