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a b s t r a c t

Objectives: To compare long-lever squeeze testing using the ForceFrame and the Copenhagen 5-Second-
Squeeze test (5SST) for assessment of hip adduction strength and provoked groin pain in elite male
soccer players.
Design: Cross-sectional study.
Setting: Pre-season testing at facilities of a Danish professional 1st tier soccer club and academy.
Participants: Elite male soccer players (n ¼ 83, mean age; 16 ± 2.7 years) from U13, U14, U15, U17, U19
and senior teams cleared for full training and match participation.
Main outcome measures: Maximum isometric hip adduction strength (Nm/kg) and provoked groin pain
(NRS 0e10).
Results: Hip adduction strength was 16% lower in the ForceFrame. A Bland-Altman plot showed a sys-
tematic bias (�0.47 Nm/kg, 95% CI [-0.57; �0.38]) and lack of agreement (95% limits of agreement: -1.31;
0.39 Nm/kg). In the ForceFrame, provoked groin pain was less intense (median NRS 0 [IQR: 0e1] vs. 5SST:
1 [IQR: 0e3], p < 0.001) and reported by fewer players (NRS >0) (27% [n ¼ 22] vs. 5SST: 61.4% [n ¼ 51],
p < 0.001).
Conclusions: The ForceFrame and the 5SST lack agreement and are not interchangeable methods. This
may have implications when selecting a method for screening and detecting early groin problems in
male soccer players.
© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Hip adduction strength has been identified as an important
factor for risk profiling of groin problems (Bourne et al., 2019;
Delahunt, Fitzpatrick, & Blake, 2017; Esteve et al., 2021; Moreno-
P�erez et al., 2019). Hip adduction strength can be assessed with
several devices (e.g. a handheld or stationary dynamometer or a
sphygmomanometer), muscle contractions (e.g. isometric, eccen-
tric, concentric, or isokinetic) and test setups (e.g. uni- or bilateral,
long- or short-lever, seated, side-lying or supine, with/without hip
abduction and flexion) (Bourne et al., 2019; Delahunt et al., 2017;
0, Hvidovre, Denmark.
.dk (M.F. Nielsen).

r Ltd. This is an open access articl
Esteve et al., 2021; Gerodimos et al., 2015; Light & Thorborg, 2016;
Thorborg, Petersen, Magnusson, & H€olmich, 2009). Of these
methods, the traditional supine long-lever squeeze test with a
handheld dynamometer (HHD), 0� hip and knee flexion and testers
forearm with HHD as resistance between ankles, is often preferred
as it is easy, accessible, have excellent reliability, and produce high
hip adduction strength values which are clearly associated to risk of
groin problems (Esteve et al., 2021; Light & Thorborg, 2016;
W€orner, Thorborg, & Eek, 2019). The long-lever squeeze test is also
a preferred clinical tests for detecting adductor-related groin
problems (Drew et al., 2016; Serner et al., 2016). A recent variation
of the long-lever squeeze test, the Copenhagen Five-Second-
Squeeze test (5SST), involves rating intensity of groin pain pro-
voked during testing on a 0e10 numerical rating scale (NRS)
(Thorborg, Branci, Nielsen, Langelund, & H€olmich, 2017). The 5SST
e under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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score (0e10) correlates negatively with groin-related sports func-
tion (Thorborg et al., 2017). Accordingly, long-lever squeeze testing
with a HHD and evaluation of provoked groin pain serves as a quick,
easy and accessible method for assessment of hip adduction
strength, sports function, detection of groin problems and overall
risk profiling in male soccer players (Esteve et al., 2021; Light et al.,
2019; Thorborg et al., 2017; Wollin, Pizzari, Spagnolo, Welvaert, &
Thorborg, 2018).

The ForceFrame is a novel strength assessment system consist-
ing of a sturdy adjustable rig with four load cells allowing for
concurrent measurements of both legs. The ForceFrame is designed
for easy and rapid testing of large teams and offers multiple options
for assessments of strength (VALD Performance, Albion, Australia).
The ForceFrame is widely used for assessment of unilateral hip
adduction strength in short- and long-lever setups, although
testing is usually performed as bilateral squeeze tests (Bourne et al.,
2019; DeLang et al., 2020; Desmyttere, Gaudet, & Begon, 2019;
Jones, Clair, et al., 2021;Jones, Mullen, et al., 2021; O’Brien, Bourne,
Heerey, Timmins, & Pizzari, 2019; Oliveras, Bizzini, Brunner, &
Maffiuletti, 2020; Ryan, Kempton, Pacecca, & Coutts, 2019). Hip
adduction strength assessed using the ForceFrame is associated
with new groin problems in senior soccer players (Bourne et al.,
2019). However, the association only exists when hip adduction
strength is part of a principal component variable combining long-
and short-lever hip ad- and abductor strength (Bourne et al., 2019),
making it difficult to translate the results into everyday clinical
practice. Long-lever hip adduction strength assessed using the
ForceFrame correlates with assessment using a HHD (O'Brien et al.,
2019). However, these correlations were between two different test
setups; a bilateral long-lever isometric squeeze test (the Force-
Frame), and a unilateral isometric hip adduction test (testing leg
straight and the non-testing leg in 45� hip and knee flexion)
(O'Brien et al., 2019). Thus, it is unclear whether bilateral long-lever
hip adduction strength from the ForceFrame can be used inter-
changeably with the 5SST with HHD as an isolated measure for risk
for groin problems (Esteve et al., 2021). It is also unknownwhether
long-lever squeeze testing using the ForceFrame provokes groin
pain similarly to the 5SST, and thus could be used to detect
adductor-related groin pain and monitor groin-related disability
and function.

Long-lever squeeze testing using the ForceFrame and 5SST have
slight differences. The hip abduction angle seems larger in the 5SST
than in the ForceFrame due to the different ways of exerting
resistance onto the ankles (DeLang et al., 2020; Light & Thorborg,
2016; O'Brien et al., 2019). Since hip abduction angle can affect
the output when assessing hip adduction strength (Delp &
Maloney, 1993; Welsh, Howitt, & Howarth, 2020), the conse-
quences of the discrepancy between the 5SST and the ForceFrame
warrants further investigation.

The purpose of this study was to compare long-lever squeeze
testing using the ForceFrame and the 5SST for measures of hip
adductor squeeze strength and provoked groin pain.

2. Materials and methods

We conducted a cross-sectional study with data from an
ongoing cohort fromwhich two studies have been published (Ishøi
et al., 2019, 2021). Data was collected during two pre-seasons
(February 2020 and January 2021), at the facilities of a Danish
professional 1st tier soccer club and academy. The study was con-
ducted in accordance with the Declaration of Helsinki and the
Danish Ethics Committee of the Capital Region (ID: 19026064).
Informed consent was obtained from players and club staff
including coaches, health professionals, and the technical director
prior to study initiation.
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2.1. Participants

By convenience sampling, we included 83 elite male soccer
players from the academy and senior team of one professional
soccer club competing in the highest ranked Danish soccer leagues
according to their age groups (Table 1). Inclusion criteria were male
elite soccer player competing at the U13, U14, U15, U17, U19 or
Senior level, available for pre-season adductor strength assessment
and cleared for full participation in all pre-season training activities
including match play. All players were familiar with the strength
assessments, as these are part of the standard pre-season testing
protocol at the academy and club.

2.2. Procedure

Datawere collected as part of the regular pre-season test session
which included assessment of isometric hamstring and quadriceps
strength (reported elsewhere; Ishøi et al., 2021), isometric bilateral
hip adduction and abduction strength and pain during assessment.
The ForceFrame was used to assess both hip adduction and
abduction strength. The 5SST was used as an additional assessment
for this study. The primary measures of hip adduction strength and
provoked groin pain were peak torque-to-body mass ratio (Force
[Newton] * lever arm length [meter]/body mass [kilogram]) and
intensity on 0e10 NRS, respectively. Secondary measures of
strength were peak force (N), peak torque (force [N] * lever arm
length [m]), peak force-to-body mass ratio (force [N]/body mass
[Kg]) and peak force-to-body weight ratio (force [N]/body weight
[N]). We also counted players with and without provoked groin
pain (NRS>0) (Weir et al., 2015), and players with and without
potential groin problems (NRS>2) (Thorborg et al., 2017).

Before the test session, all players performed warm-up initiated
by the academy/club physiotherapist (e.g. stationary biking for
5e15min). Players presented for the session in small groups of 5e8
players. First players were measured (lever-arm length) and
weighted. Subsequently, by convenience, players were alternat-
ingly allocated to either the ForceFrame or the 5SST. The Force-
Frame and 5SST was either the first or last assessment during the
test session and thus separated by hamstring and quadriceps
strength assessment. Due to the pragmatic setup and time-
constraints a pre-randomized assessment sequence was not
feasible, as this could result in excessive cueing at either method.

2.2.1. Long-lever squeeze testing using the ForceFrame
The ForceFrame test was administered by the first author (a

physiotherapist with 3 years of experience with performing as-
sessments with the ForceFrame). Long-lever squeeze testing using
the ForceFrame was performed with players supine on an exercise
mat with 0� hip flexion, knees fully extended, and both medial
malleoli touching the two inner load cells of the ForceFrame
resulting in players having approximately 0e5� of hip abduction
angle (Fig. 2). The distance between the center of the load cells was
roughly 0.17 m. Both load cells recorded raw pressure force
(Newton) at 100 Hz simultaneously. The lever armwas the distance
from the anterior superior iliac spine to the center of the medial
malleoli. The ForceFrame has excellent reliability for hip adduction
strength assessed with a short-lever squeeze test (ICC 0.85e96)
(Desmyttere et al., 2019; Ryan et al., 2019). Reliability and minimal
detectable change (MDC) have not yet been reported for long-lever
squeeze testing using the ForceFrame.

2.2.2. The Copenhagen Five-Second-Squeeze test
The 5SST was administered by two physiotherapists, one in

February 2020, another in January 2021. Both were trained by the
senior author to ensure adequate technique and had 6 months of



Table 1
Descriptive data of included players.

Team Age, years Height, cm Mass, kg BMI Dominant
leg

Previous groin
injury*

Mean
(SD)

Median
[IQR]

Range Mean
(SD)

Median [IQR] Range Mean
(SD)

Median
[IQR]

Range Mean
(SD)

Median
[IQR]

Range left/right yes/no

All (n ¼ 83) 16.0
(2.7)

16 [14
e18]

11
e24

174.7
(10.0)

175.0 [168.5
e182.0]

150
e195

66.5
(13.0)

68.0 [57.3
e75.5]

35
e93

21.6
(2.5)

21.9 [19.7
e23.3]

15.4
e31.1

18/65 19/64

U13 (n ¼ 7) 12.0
(0.8)

12 [11
e13]

11
e13

160.1
(10.4)

156.9 [151.2
e170.5]

151
e178

45.2
(9.8)

42.0 [37.0
e56.0]

35
e61

17.2
(1.5)

17.0 [16.2
e19.1]

15.4
e19.4

1/6 3/4

U14
(n ¼ 12)

13.0
(0.4)

13 [13-13] 12
e14

163.5
(5.9)

163.2 [160.2
e165.2]

156
e179

52.7
(8.1)

51.0 [46.2
e59.4]

42
e67

19.6
(2.1)

19.2 [18.1
e20.2]

17.4
e24.0

2/10 4/8

U15
(n ¼ 12)

14.3
(0.6)

14 [14
e15]

13
e15

172.9
(5.9)

173.2 [170.4
e175.6]

162
e185

59.7
(5.2)

58.1 [56.3
e62.7]

54
e70

19.9
(1.2)

19.7 [19.0
e21.0]

18.4
e21.9

5/7 3/9

U17
(n ¼ 15)

15.6
(0.7)

16 [15
e16]

14
e17

179.8
(7.2)

180.0 [173.5
e188.0]

168
e191

71.4
(7.3)

72.0 [66.0
e75.5]

56
e84

22.0
(1.2)

22.1 [21.1
e22.8]

19.7
e24.5

3/12 2/13

U19
(n ¼ 18)

17,2
(0.8)

17 [17
e18]

15
e18

179.9
(7.0)

179.8 [175.6
e185.5]

169-
193

74.7
(7.4)

74.0 [70.0
e79.5]

65
e93

23.9
(1.2)

23.1 [22.2
e23.7]

21.1
e25.7

3/15 4/14

Senior
(n ¼ 19)

19,5
(1.8)

19 [19
e20]

17
e24

179,3
(7.4)

178.5 [172.0
e185.0]

168
e195

75.9
(8.3)

76.0 [69.0
e82.0]

63
e91

23.6
(2.2)

23.5 [22.2
e24.5]

20.6
e31.1

4/15 3/16

cm ¼ centimeter, kg ¼ kilogram, BMI ¼ body mass index, *Previous groin injury within the last 6 months, SD ¼ standard deviation, IQR ¼ interquartile range.

Fig. 1. The 5SST setup.
The HHD and arm of the assessor work as a “passive” and “moveable” resistance which the player actively squeezes both legs into as hard as possible. The assessor does not actively
push, hold, or fixate the arm against any of the legs.

Fig. 2. The ForceFrame long-lever squeeze test setup.
The ForceFrame consists of a sturdy rig with two inner load cells and two outer load cells. The two inner load cells are fixated to the rig, so they work as an immoveable resistance
with a fixed width.
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30



M.F. Nielsen, K. Thorborg, K. Krommes et al. Physical Therapy in Sport 55 (2022) 28e36
experience with performing the 5SST before data collection. The
5SST was performed as the traditional long-lever squeeze test with
players supine on an examination bed with 0� hip flexion, knees
fully extended and the assessor's forearm and a HHD (Hoggan
MicroFET2, Scientific L.L.C., Salt Lake City, USA) as resistance be-
tween the ankles of the player (Fig. 1). The HHD recorded raw
pressure force (Newton) at 100 Hz. The assessors only used the
HHD with their dominant hand. The length of the forearm plus
HHDwas roughly 0.35m for both testers resulting in players having
approximately 10e15� of bilateral hip abduction angle (Fig. 1). The
lever armwas the distance from the anterior superior iliac spine to
5 cm proximal of the edge of the medial malleoli. The 5SST (long-
lever squeeze testing) with HHD has excellent inter- and intra-
tester reliability for hip adduction strength (ICC 0.95 and
0.90e0.97, respectively) and excellent intra-tester reliability for
provoked groin pain intensity (CCC 0.90) (Light & Thorborg, 2016;
Thorborg et al., 2017; W€orner et al., 2019). The MDC in hip
adduction strength is 13.6e13.7% for a single trial and 8.7e11.8% for
the best of three trials (Light & Thorborg, 2016).

2.2.3. Data collection
In both the ForceFrame and 5SST, players first performed a

single trial at 50% of self-perceived maximum effort to warm-up
and re-familiarize with assessment, followed by rest for approxi-
mately 60 s and verbal feedback on form if necessary. Subsequently,
players needed to perform two valid trials at 100% of perceived
maximum effort separated by 60 s. The rest period corresponded
with previous studies assessing isometric hip adduction strength
(Bourne et al., 2019; Jones, Mullen, et al., 2021; Light & Thorborg,
2016; O'Brien et al., 2019). Players were instructed to isometri-
cally and continuously squeeze both legs as hard as possible for 5 s,
into either the assessor's arm and HHD (the 5SST) or the inner load
cells (ForceFrame). Each trial was initiated and encouraged using
the standardized command “3-2-1-Go-Push-Push-Push-Push-And-
Stop”. All trials were visually monitored. If excessive hip or knee
extension/flexion was displayed or effort was not held for 5 s trials
was discarded, and an extra 100% trial was performed. No player
performed more than 3 100% trials.

From the 5SST, peak force (N) from each of the two valid 100%
trials were extracted and the trial with the highest peak force were
used for analyses. For the ForceFrame, peak force (N) fromboth load
cells from the two valid 100% trials were extracted and for analyses,
we used the trial with highest average peak force from both load
cells. During peer-reviewwe performed a sensitivity analyses using
the single highest peak force from either of the two inner Force-
Frame load cells. This showed similar results and were therefore
not included in the manuscript.

After each 100% trial, players rated intensity of provoked groin
pain on a 0e10 NRS using the standardized question “On a scale
from 0 to 10, with 0 being ‘no pain’ and 10 being ‘worst imaginable
pain’, how much pain did you feel in the groin area during the
test?”. For both the ForceFrame and the 5SST, the trial with single
highest peak provoked groin pain intensity (NRS 0e10) was used
for analyses.

2.3. Analyses

Descriptive data are reported using means (standard de-
viations), medians (interquartile range) and range for continuous
variables and numbers (percentages) for ordinal and nominal var-
iables. We used scatterplots and Pearson's correlation coefficients
to investigate the linear association between strength measures
(Nm/Kg, Nm, N, N/Kg, N/N) obtained from the ForceFrame and the
5SST. Whilst, for painmeasures Kendalls Tau was used. Correlations
was interpreted according to Schober, Boer, & Schwarte, 2018.
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Between-method differences in strength (Nm/Kg, Nm, N, N/Kg, N/
N) approximated normality distribution when evaluated using
histograms (Giavarina, 2015). Accordingly, agreement between the
ForceFrame and 5SST for strength (Nm/kg, Nm, N, N/kg) were
investigated using Bland-Altman plots with 95% limits of agree-
ment (LOA) (Martin Bland & Altman, 1986). Bland-Altman plots
were created using absolute and percentage differences between
methods in strength variables (Nm/kg, Nm, N, N/kg, N/N)
(Giavarina, 2015). Agreement was considered good if the upper and
lower 95% LOA ranged from ± 15% difference between methods, as
this corresponds to a change in hip adduction strength that is
considered clinically meaningful (Wollin et al., 2018). Between-
method differences with 95% confidence intervals were estimated
using paired t-tests for strength (Nm/kg, Nm, N, N/kg), whilst
provoked groin pain intensity (0e10 NRS) was compared using a
Wilcoxon signed rank test. Proportion of players reporting groin
pain (NRS >0) and potential groin problems (NRS>2) (Thorborg
et al., 2017) were compared with a Fischer's exact test of pro-
portions. P-values were considered statistically significant at an
alpha level of 0.05. Statistical analyses were performed in SPSS (v.
23, IBM Corporation, New York, USA) and Stata (Stata IC v. 16, Stata
Corporation, USA).
3. Results

3.1. Participants

We assessed 92 players, of which 9 were excluded due to
technical errors, such as missing data. In total, 83 players were
included from the U13 (n ¼ 7), U14 (n ¼ 12), U15 (n ¼ 12), U17
(n¼ 15), U19 (n¼ 18) and senior (n¼ 19) team. Descriptive data are
presented in Table 1. Five players only performed one 100% trial in
the 5SST, due to error by one assessor, but were kept in the analyses
(sensitivity analyses showed no difference in outcome; Appendix
a). Six players were tested twice but kept in the analyses as sepa-
rate datasets, they were U-15 players in February 2020 and U-17
players in January 2021.
3.2. Hip adduction strength

The scatterplot (Fig. 3) indicated a linear association and strong
correlation (Pearson's r ¼ 0.73) for hip adduction strength (Nm/kg)
assessed using the ForceFrame and the 5SST, respectively. Hip
adduction strength (Nm/Kg) was significantly lower when assessed
using the ForceFrame compared to the 5SST (between-method
difference of 16%; p < 0.0001; Table 2). The Bland-Altman plots did
not indicate good agreement and 57% (47/83) of players were more
than 15% stronger in the 5SST compared to the ForceFrame (Fig. 4,
statistics in appendix a). Similar results (appendix a) were observed
when analyzing torque (Nm), force (N), force-to-body mass ratio
(N/kg) and peak force-to-body weight ratio (N/N).
3.3. Provoked groin pain

Intensity of provoked groin pain showed a moderate positive
correlation between methods (Kendalls Tau ¼ 0.40, p < 0.0001).
Provoked groin pain intensity was significantly lower in the
ForceFrame compared to the 5SST (Table 3). Frequency of each pain
intensity level is presented in Fig. 5. In total, 61% (32/51) of players
who reported NRS >0 in the 5SST did not report pain when using
the ForceFrame, and 35% (18/51) reported a NRS >2 in the 5SST but
an NRS <2 in the ForceFrame.



Fig. 3. Scatterplot and line of equality for hip adduction strength (Nm/Kg).

Table 2
Hip adduction strength (Nm/Kg) assessed with the ForceFrame and the 5SST.

Team ForceFrame 5SST ForceFrame vs 5SST

Mean (SD) Median (IQR) Range Mean (SD) Median (IQR) Range Mean difference(95% CI) p-value Cohens d

All (n ¼ 83) 2.62 (0.53) 2.65 [2.19e3.05] 1.39e3.82 3.09 (0.63) 3.19 [2.66e3.58] 1.47e4.75 -0.47 (-0.57; -0.38) <0.0000 -2.182
U13 (n ¼ 7) 2.41 (0.54) 2.38 [1.93e3.02] 1.78e3.07 2.40 (0.37) 2.47 [2.04e2.67] 1.81e2.89 -0.00 (-0.30; 0.30) 0.9820 0.019
U14 (n ¼ 12) 2.23 (0.39) 2.15 [1.97e2.35] 1.78e3.28 2.71 (0.43) 2.63 [2.43e2.86] 2.19e3.63 -0.48 (-0.71; -0.25) 0.0008 -2.771
U15 (n ¼ 12) 2.46 (0.53) 2.59 [2.05e2.80] 1.64e3.31 2.73 (0.77) 2.88 [2.01e3.31] 1.47e3.76 -0.27 (-0.54; 0.00) 0.0501 -1.327
U17 (n ¼ 15) 2.90 (0,44) 2.89 [2.61e3.14] 2.32e3.82 3.44 (0.25) 3.39 [3.23e3.63] 3.06e3.85 -0.54 (-0.76; -0.32) 0.0001 -2.776
U19 (n ¼ 18) 2.91 (0.47) 2.88 [2.55e3.32] 1.99e3.60 3.38 (0.62) 3.47 [2.97e3.75] 2.13e4.48 -0.47 (-0.70; -0.24) 0.0005 -2.078
Senior (n ¼ 19) 2.55 (0.54) 2.60 [2.10e3.00] 1.40e3.40 3.28 (0.55) 3.19 [2.98e3.58] 2.04e4.76 -0.72 (-0.89; -0.55) <0.0000 -4.151

Nm/Kg ¼ Newton*meter/kilogram, 5SST ¼ Five-Second Squeeze Test, SD ¼ Standard deviation, IQR ¼ Interquartile range, CI ¼ Confidence interval.
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4. Discussion

We compared a long-lever squeeze test using the ForceFrame
with the 5SST for measures of hip adduction strength and provoked
groin pain. Our main finding is that the ForceFrame is not inter-
changeable with the 5SST due to the lack of agreement for mea-
sures of hip adduction strength and provoked groin pain. This is
highlighted by the ForceFrame producing 16% lower strength
measures, provoking less intense groin pain and provoking groin
pain in fewer players.

In the present study, hip adduction strength correlated strongly
between the 5SST and the ForceFrame. This is similar to what
O'Brien et al. reported when correlating hip adduction strength
from the ForceFrame to unilateral measured hip adduction strength
(O'Brien et al., 2019). Despite the observed strong correlation, the
Bland-Altman plots showed a systematic bias and very wide 95%
limits of agreement with only 39% (32/83) of players within the
prespecified acceptable limits of agreement (±15% between-
method difference). An effect size of 15% is considered to repre-
sent clinical meaningful change in long-lever squeeze strength
(Wollin et al., 2018), which if negative could be a potential indicator
of an upcoming groin problem (Crow et al., 2010). Consequently,
the 5SST and the ForceFrame cannot be considered interchangeable
methods and it remains unknown whether long-lever hip adduc-
tion strength assessed using a ForceFrame can be used as a single
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variable to monitor risk of groin problems in male senior soccer
(Esteve et al., 2021).

The observed lack of agreement and absolute differences in hip
adduction strength can likely be explained by differences in the
ForceFrame and 5SST setups. This encompass hip abduction angle
(approx. 0� in the ForceFrame; approx. 10e15� in the 5SST) and
placement of resistance (medial malleoli in the ForceFrame;
approx. 5 cm proximal to the edge of the medial malleoli in the
5SST). To account for placement of resistance, we used torque-to-
body mass ratio (Nm/Kg) as the primary strength measure.
Accordingly, the distance between the ankles and the hip abduction
angle are most likely the explanations of the discrepancy in
strength. This is in line with a recent biomechanical study of uni-
lateral hip adduction strength at different hip abduction angles,
which showed that higher hip adduction torque were produced at
10� and 20� hip abduction compared to neutral (Welsh et al., 2020).
Together with our results, this suggest that increasing the hip
abduction angle in the frontal plane allows for greater force gen-
eration, as also suggested by biomechanical models (Arnold, Ward,
Lieber, & Delp, 2010; Delp & Maloney, 1993).

We observed a positive and moderate correlation between the
ForceFrame and the 5SST for provoked groin pain intensity. This
indicates that long-lever squeeze testing using the ForceFrame
provokes groin pain similarly to the 5SST. However, we also
observed that provoked groin pain intensity and proportion of



Fig. 4. Bland-Altman plots of (A) absolute torque-to-body mass ratio (Nm/Kg) and (B) percentage (%) difference between methods for hip adduction strength (Nm/Kg).

Table 3
Provoked groin pain (NRS 0e10) assessed using the ForceFrame and the 5SST.

Team ForceFrame 5SST ForceFrame vs 5SSTy Players with NRS >0, n
(%)

Players with NRS >2, n
(%)

Mean (SD) Median [IQR] Range Mean (SD) Median [IQR] Range p-value ForceFrame 5SST ForceFrame 5SST

All (n ¼ 83) 0.8 (1.6) 0 [0e1] 0e7 1.7 (1.8) 1.0 [0e3] 0e7 <0.000 22 (27%) 51 (61%)* 14 (17%) 29 (35%)**
U13 (n ¼ 7) 0.0 (0.0) 0 [0-0] 0e0 1.0 (1.4) 0.0 [0e3] 0e3 0.250 0 (0%) 3 (42%) 0 (0%) 2 (29%)
U14 (n ¼ 12) 0.3 (0.9) 0 [0-0] 0e3 0.4 (1.2) 0.0 [0-0] 0e4 0.750 1 (8%) 2 (17%) 1 (8%) 1 (8%)
U15 (n ¼ 12) 0.7 (1.3) 0 [0e1] 0e4 1.5 (1.3) 1.5 [0e3] 0e3 0.047 3 (25%) 8 (67%) 1 (8%) 4 (8%)
U17 (n ¼ 15) 0.5 (1.8) 0 [0-0] 0e7 1.6 (1.5) 1.0 [0e3] 0e4 0.021 1 (7%) 11 (73%) 1 (7%) 5 (33%)
U19 (n ¼ 18) 0.8 (1.6) 0 [0e1] 0e5 2.3 (2.5) 1.5 [0e4] 0e7 0.027 5 (28%) 12 (67%) 3 (17%) 7 (39%)
Senior (n ¼ 19) 1.9 (1.8) 2 [0e3] 0e5 2.4 (1.5) 3.0 [2e4] 0e4 0.220 12 (63%) 15 (79%) 8 (42%) 10 (53%)

NRS ¼ Numerical rating scale, 5SST ¼ Five-Second Squeeze Test, yComparison of group level pain intensity using a Wilcoxon signed rank test, SD ¼ Standard deviation, IQR ¼
Interquartile range, *Fischer's exact test p ¼ 0.005, **Fischer's exact test p < 0.001.
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Fig. 5. Frequency of each provoked groin pain intensity level among all players (n¼83).
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players reporting pain were significantly higher in the 5SST. Sug-
gesting that the 5SST is more provocative and stressful for the groin
area than long-lever squeeze testing using the ForceFrame. A
possible explanation for these observations is that the 5SST and
testing with increased hip abduction causes more mechanical
stress to the groin than using the ForceFrame. Mechanical stress has
previously been suggested as the potential mechanism of groin
pain during squeeze testing athletes with longstanding groin pain
(Verrall, Slavotinek, Barnes, & Fon, 2005). Long-lever squeeze
testing is known to provoke pain when nociceptors in the adductor
myotendinous structures are sensitized by either acute tissue injury
(Serner et al., 2016) or experimentally induced pain (Drew et al.,
2016). Further, mechanical stress increases when torque and force
production increases (Buchanan, 1995). Consequently, a combina-
tion of high mechanical stress and/or potentially sensitized noci-
ceptors seems as the apparent mechanism behind the differences
in provoked groin pain intensity.

We included 83 injury-free players cleared for full pre-season
soccer participation. Yet, 61% reported provoked groin pain (NRS
>0) in the 5SST, suggesting that many players could have been
experiencing non-time loss groin problems without having re-
ported so (DeLang, Garrison, & Thorborg, 2021). However, soccer
and strength training most likely induce strain and peripheral
sensitization of groin structures (Dupr�e, Tryba, & Potthast, 2021;
Dupr�e et al., 2018; Polglass, Burrows, & Willett, 2019), without
causing an apparent injury or problem (DeLang et al., 2021; Dooley
et al., 2021), but causing provoked groin painwhen the groin region
is exposed to high and focused mechanical stress, such as the 5SST.
This explains why low intensity groin pain (NRS ¼ 0e2) is common
during the 5SST without indicating loss of sport function (Thorborg
et al., 2017), andwhy groin problemswithout loss of sports function
are highly prevalent during the pre-season (Esteve et al., 2020;
Harøy et al., 2019). Contrary, provoked groin pain NRS >2 may
indicate a need for clinical attention based on significant associa-
tion to decreased groin-related sports function (Thorborg et al.,
2017). We observed 14 and 29 players reporting a provoked groin
pain NRS >2 using the ForceFrame and 5SST, respectively. Impor-
tantly, 18 players reported NRS >2 in the 5SST but NRS <2 when
assessed using the ForceFrame, suggesting that 62% (n ¼ 18/29) of
players with potential clinical groin problems are not detected by
long-lever squeeze testing using the ForceFrame. This could be a
highly important finding for clinicians, as it indicates that the 5SST
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with HHD is more sensitive for detecting potential clinical groin
problems in need of clinical attention than long-lever squeeze
testing using the ForceFrame.
4.1. Limitations

This study has some limitations. Pre-testing activities (i.e.
warm-up), hamstring and quadriceps assessment and performing
all assessments on the same day could have influenced strength
and pain scores e.g. due to fatigue or being cold, however, by using a
paired design and within player comparisons, the effect of pre-
testing activities can be assumed to influence both methods
equally. Additionally, performing all assessments on a single day
eliminates day-to-day variability in both strength and pain. Rather
than being randomized, players were allocated alternatingly to the
ForceFrame and 5SST, respectively. Unfortunately, randomization as
was not feasible due to time-constraints and the pragmatic setup
provided by the club and academy. This increases the risk of a bias,
however, as all players were allocated alternatingly this should
reduce any bias due to muscle fatigue in the method being used
last. Providing 60 s of rest between maximum trials could be
insufficient for full recovery between trials, however this is corre-
sponding with previous studies having shown excellent reliability
(Light & Thorborg, 2016; W€orner et al., 2019). We lack a direct
measure of hip abduction angle during data collection. Thus, we
measured thewidth of the resistance between the ankles in the two
methods, as increasing the distance between the feet in the frontal
plane will increase the hip abduction angle. This distance was
approximately 17 and 35 cm for the ForceFrame and 5SST, respec-
tively. Consequently, players had a larger hip abduction angle when
assessed using the 5SST compared to ForceFrame. We ensured that
all assessors were blinded to the results of the opposite method
during data collection, had adequate training, and used a stan-
dardized instruction to avoid potential bias from deviations from
the testing protocol. Several players reported pain during assess-
ment and could be dealing with non-time loss groin problems,
causing low strength scores and high pain scores. Although, a post-
hoc analyses suggested otherwise with no to weak correlation be-
tween provoked pain intensity and strength (ForceFrame
rs ¼ �0.025; 5SST rs ¼ 0.186). The generalizability of the specific
strength and pain scores is limited by not accounting for matura-
tional status and only including male soccer players from a single
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professional 1st tier club and academy. Thus, the scores reflect the
players and training at this single club/academy, rather than soccer
players in general. However, with regards to the primary aim, the
sample does not limit the generalizability of the primary findings as
these findings most likely can be attributed to the test setup dif-
ferences. Furthermore, we accounted for differences in leg-length
and body mass by using torque-to-body mass ratio as primary
measure of strength. This approach is accordance with previous
studies (DeLang et al., 2020; Esteve et al., 2018, 2020; O'Brien et al.,
2019), and facilitates generalizability of the results, despite
assuming a perfect correlation between torque and body mass
which in this study is of r ¼ 0.767 and r ¼ 0.823 for the ForceFrame
and 5SST, respectively.
4.2. Clinical implications

Assessment of hip adduction strength and provoked pain is
commonly applied in soccer settings to manage groin injury risk
(Light, Smith, Delahunt, & Thorborg, 2018). We observed that long-
lever squeeze testing using the ForceFrame and the 5SST can assess
hip adduction strength and can provoke groin pain. However, the
ForceFrame and the 5SST are not interchangeable. Thus, measures
from the two methods should not be directly compared or pooled
in a clinical setting. Importantly, the 5SST allowed for higher
strength values than the ForceFrame and was more sensitive for
detecting potentially meaningful groin pain. Suggesting that sub-
clinical groin problems may be picked up more easily by using the
5SST compared to the ForceFrame which could facilitate early
management strategies. Nevertheless, clinicians need to be aware
that implementing a regular (weekly or biweekly) use of a long-
lever squeeze testing could be met by a lack of enthusiasm from
players if the chosen method is associated with discomfort and
being painful. Reporting of provoked pain from testing are also at
risk of being underreported if players believe that reporting pain
leads to medical screening and being prevented participation in
practice and games for something which they might not consider a
real injury or problem (DeLang et al., 2021). Based on the current
findings provoked pain and discomfort could be a smaller barrier
when using the ForceFrame. Consequently, the ForceFrame could
be a valuable and less provocative alternative to the 5SST andmight
be easier to implement as a device for regular monitoring of hip
adduction strength. Nevertheless, our results indicate that hip
adduction strengthmeasures from long-lever squeeze testing using
the ForceFrame should not be substituted with measures from the
5SST to estimate risk of groin problems (Esteve et al., 2021).
Whether this is more than speculation and the differences in pain
provocative nature and hip adduction strength of the two test
setups impacts the ability to detect very early groin problems still
needs further investigation.
5. Conclusion

Long-lever squeeze testing using the ForceFrame is not inter-
changeable with the 5SST for measures of hip adduction strength
and provoked groin pain in male elite soccer players. This is indi-
cated by the wide limits of agreement in Bland-Altman plots for hip
adduction strength, players producing 16% less torque and report-
ing lower intensities of provoked groin pain, when assessed using
the ForceFrame compared to the 5SST. These findings are novel and
clinically relevant as they could have implications for how a soccer
club and academy choose to monitor and detect early groin
problems.
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