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Abstract: The hamstrings are biarticular muscle group that plays an important role in the occupational
performance of military personnel. The single leg hamstring bridge test (SLHBT) could be a good test
to screen military personnel performance. The aims of our study were to assess the reproducibility of
the SLHBT in the military population and to use receiver operating curve (ROC) analysis to examine
the ability of the SLHBT to discriminate between soldiers with poor and good baseline fitness. A
cross-sectional study was performed on 201 male members of the Slovenian Armed Forces (SAF).
They undertook army physical fitness testing (APFT) and functional physical fitness testing (FPFT),
which included the SLHBT. The SLHBT showed acceptable reproducibility in a military setting
and had moderate predictive validity to discriminate between soldiers with poor and good overall
physical fitness performance using a cut-off value of 20 repetitions. In conclusion, the SLHBT could
be a good candidate test for the military population as the ROC analysis showed the ability of the
SLHBT to discriminate between soldiers with poor and good baseline fitness. The SLHBT represents
a simple and affordable test that can be used to evaluate performance and form preventive guidelines
for military personnel.
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1. Introduction

The hamstrings are an important biarticular muscle group that concentrically extend
the hip, flex the knee, and participate in tibial rotation [1]. The hamstrings also eccentrically
control knee extension. The rapid force capacity of this muscle group plays an important
role for running acceleration performance [2], while poor hamstring flexibility (as measured
by a sit-and-reach test or active straight leg raise) has been shown to influence posture,
causing posterior pelvic tilt [3], and is associated with an increased risk for musculoskeletal
injury (MSKI) [4]. In military forces, the risk of injury for males with both higher and lower
levels of hamstring flexibility was reported to be more than twice that of those with ‘average’
flexibility [5,6]; therefore, the need to maintain moderate hamstring flexibility in special
military groups was highlighted [7]. With this in mind, strengthening of the hamstring
muscle should form an important part of training programs in military settings [8,9].

Different hamstring strengthening exercises are frequently used [10,11] in general
strength and conditioning (e.g., Nordic hamstring exercise, seated and prone leg curl,
supine sliding leg curls, glute-ham raise, razor curl, 45° hip extension from Roman chair,
bilateral and unilateral stiff leg dead lift and Romanian dead lift, supine bridges, good
morning exercise, kettlebell swing, hip thrusts, squats, leg press, lunges, hip hinge, single-
leg bent-knee bridge, single leg straight knee bridge, single leg hamstring bridge (SLHB)
and leg curl). However, their usage in military strength and conditioning training practice
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is not well known and data about hamstring strength in the military population is scarce
(for example, the search string “hamstring strength” AND “military” returns only 18 items
on PubMed, with only seven papers on military topics).

Although isokinetic dynamometry is the gold standard for hamstring strength test-
ing [12], it has several limitations in regard to cost-benefit ratio, ecological validity (as it is a
laboratory test), and the lack of significant associations with hamstring injury risk [13]. Hand-
held dynamometers can also be used to measure hamstring isometric strength [14-16], while
some specific devices have been developed to measure eccentric hamstring strength [17,18].
Freckleton et al. [19] developed a simple field test for hamstring function [19] called the
single leg hamstring bridge test (SLHBT). In this test, the individual lies down on the
ground with one heel on a box that is 60 centimetres high (knee flexed to approximately
20° and hip flexed to approximately 45°). The individual is then instructed to push down
through the heel to lift their bottom off the ground while holding their arms crossed over
their chest. Studies have shown that during the single-leg bridge, there is high hamstring
and gluteal activation. However, considering the flexed position of the knee during this
exercise, this exercise is usually considered as hamstring dominant. Additionally, gluteus
maximus and medius weakness in combination with high hamstring activation may lead to
the diminished contribution of this exercise to gluteal strengthening [20]. For these reasons,
the authors of the test have added a descriptive hamstring bridge to this test, indicating its
primary role during the test/exercise execution.

The baseline fitness of military personnel is usually tested using the army physical
fitness test (APFT; trunk raises, push-ups, and a two-mile run) [21]. With an extension of
military occupational demands, the APFT is usually complemented by additional func-
tional physical fitness tests (FPFT) [22]. An appropriate test for hamstring strength should
have: (1) good ecological validity (simple to perform on large samples; good cost-benefit
ratio; not time-consuming); (2) good reproducibility and reliability; and (3) an ability to
discriminate between soldiers with different baseline fitness. We believe that the SLHBT
could be a good candidate test that meets these criteria, and therefore the aims of our
study were to assess the reproducibility of the SLHBT in the military population and to use
receiver operating curve (ROC) analysis to examine the ability of the SLHBT to discriminate
between soldiers with poor and good baseline fitness.

2. Materials and Methods
2.1. Experimental Approach to the Problem

We carried out a cross-sectional study on 201 male members (age: 31.4 =+ 6.1 years;
height: 181.7 + 6.5 cm; weight: 87.3 4- 10.8 kg; body mass index (BMI): 26.4 4 3 kg/m?) of
the Slovenian Armed Forces (SAF) within the research project registered at ClinicalTrials.
gov (accessed on 17 February 2021) under the identifier NCT03415464. During the primary
study, soldiers (N = 181) underwent APFT and functional physical fitness testing (FPFT),
which included but was not limited to the SLHBT. To investigate reproducibility, a smaller
subgroup of soldiers (N = 22) that did not participate in the primary study additionally
performed the SLHBT twice in the period of one week in a test-retest manner without
specific hamstring training between the two testing sessions. ROC analysis was carried out
on our primary dataset (N = 181) where the objective measure for good to excellent fitness
was an APFT passing score >4 (explained below), while APFT scores of <4 were arbitrarily
defined as poor to moderate baseline fitness. In the ROC analysis, the weaker leg’s SLHBT
value was used (e.g., the leg with which the soldier performed fewer repetitions d the test).

2.2. Subjects

The Faculty Ethical Board (No. 454/2017) and the Headquarters of the SAF (No. 630-
1/2016-3) approved the study. During the study, the principles outlined in the Declaration
of Helsinki were followed. This was a cross-sectional study, and therefore it has limitations
in relation to sample representativeness. According to public data from the Slovenian
Ministry of Defence, the SAF has 5734 active male members (representing 84% of all active
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members). The sample that participated in our study represents 3.2% of the total male
population. Upon recruitment, all subjects signed an informed consent form to participate
in the study voluntarily. At the time of testing, all soldiers were free of acute injuries and
did not report any current pain in the musculoskeletal system.

2.3. Army Physical Fitness Testing (APFT)

Baseline fitness testing included APFT and functional testing (see below). APFT
testing included 2 min push-ups, 2 min sit-ups, and a 3.2 km run [21].

2.3.1. Sit-Ups

Participants were in the supine position with feet <30 cm apart and knees flexed to
90°, and were instructed to maintain heels in contact with the ground throughout the test
with the help of another participant’s ankle support. Participants raised the upper body
forward until the neck’s base was at least above the base of the spine, and then began
lowering until the shoulder blades contacted the ground. Repetitions were not counted if
the vertical position was not reached, fingers did not remain interlocked behind the head,
momentum was used to assist in raising the upper body, or knees exceeded 90°. The up
position was the only authorized rest position; thus, if participants rested in the down
position or assisted the rest with hands or elbows, the test was terminated. The number of
successfully completed repetitions in the allotted 2 min was recorded [23].

2.3.2. Push-Ups

Participants assumed the front leaning rest position with feet <30 cm apart and began
the push-up by bending at the elbows until the upper arms were at least parallel to the floor,
before returning to the start position. Repetitions were not counted if the body did not
form a generally straight line throughout the repetition or the arms were not fully extended
at the end of the repetition. Rest was authorized using a front leaning position, but testing
was terminated upon knee ground contact or the release of hand or foot ground contact.
The number of successfully completed repetitions in the allotted 2 min was recorded [23].

2.3.3. 3.2 km Run (Two-Mile Run)

Participants began behind the starting line and completed eight laps on the 400 m
outdoor track at a self-selected pace. Participants were not allowed to be physically helped
in any way (i.e., being pulled, pushed, and/or carried) and were required to remain on the
track, or testing was terminated. The group’s running clock began on ‘go” and respective
times were recorded as participants crossed the finish line [23].

These events were scored on a scale of 0 to 100 points based on table values for sex and
age. Based on their APFT score, soldiers were later awarded an APFT mark in the range of
1-5 (1 being the worst (not passing), and 5 being excellent). The cut off values for APFT
marks are: mark 1 <150 points; mark 2 = 150-180 points; mark 3 = 181-220 points; mark
4 = 221-270 points; and mark 5 >271. Points below 50 for any part of the APFT would be
automatically given mark 1. We collected the results of the most recent APFT (testing was
performed within two weeks of functional testing) that was administered according to the
standard testing protocol.

2.4. Functional Physical Fitness Testing (FPFT)

FPFT, as shown in Figure 1, was performed in the gym of the SAF military post and
included the SLHBT, countermovement jump (CM]) testing with and without additional
load, pull-ups, loaded prone plank test, and stork balance test (the results from this test were
not used in further analysis, as we have shown in our previous work that this test was not
demanding enough for the performance level of soldiers). All tests were conducted from
8 a.m. to 12 p.m.; a detailed explanation of all testing procedures is provided elsewhere [8].
For the reproducibility assessment, the SLHBT was performed according to the same
instructions given in the larger sample, but the individuals repeated the test after one week,
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during which they were not allowed to specifically train hamstrings. The initial testing leg
was randomly chosen for each individual and tested second upon re-test to minimize and
control the possible learning effect.

Figure 1. Functional physical fitness testing (FPFT). (A) SLHBT, (B) loaded countermovement jump,
(C) countermovement jump, (D) pull-ups, (E) loaded prone plank test.

2.4.1. Single Leg Hamstring Bridge Test (SLHBT)

In this test, the individual lies down on the ground with one heel on a 60 cm high box
(knee flexed to approximately 20° and hip flexed to approximately 45°). The individual
is then instructed to push down through the heel to lift their bottom off the ground
while holding their arms crossed over their chest. Repetition is considered regular when
the individual touches the ground and then extends their hip to 0° without resting on
the ground. This is a strength endurance hamstring test where the individual performs
repetitions until exhaustion, and the test ends when: (1) technique becomes irregular, or
(2) the individual cannot proceed with the test due to fatigue. The number of successful
repetitions for each leg (right and left) is the main outcome measure of the test.

2.4.2. Countermovement Jump (CM]) Testing

Two Kistler force platforms (Kistler 9286AA; Kistler Instrument Corp, Winterthur,
Switzerland) with ARS software (S2P, Science to Practice, Ltd., Ljubljana, Slovenia) were set
up parallel for each foot on one platform while performing a jump. The test started from
an upright standing position with hands held on hips, making a preliminary downward
movement by flexing at the knees and hips, then immediately extending the knees and hips
again to jump vertically up off the ground. The CM]J test was performed in uniform and
boots (unloaded CM]J), and then the same procedure was repeated with soldiers wearing
body armour and a helmet (loaded CM]J). Under each testing condition, an individual had
two jump trials, and the repetition with the highest jump was used for further analysis [8].
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2.4.3. Loaded Prone Plank Test

For the prone plank test, individuals maintained a prone position in which their
body mass was supported by the toes and forearms. The test was performed in full army
uniform while wearing body armour and a helmet. Individuals were instructed to maintain
a neutral position of the spine and pelvis and to breathe normally during testing. Each
test was terminated when the individual was unable to maintain their posture or their
pelvis moved up or down five or more centimetres. Each holding time was recorded using
a stopwatch. The holding time (seconds) of the prone plank test was used for further
analysis [8].

2.4.4. Pull-Ups

The starting position for pull-ups was with arms fully extended and locked in elbows,
with an overhand grip, the body motionless, and feet off the floor. The individual then bent
and crossed the knees over backwards from the starting position before pulling up over
the bar until the chin cleared the top of the bar without any excessive body motion. The
body was then lowered until arms were again fully extended or locked out. One complete
pull-up was counted when the individual’s arms were locked out. This procedure was
repeated at the individual’s own pace (rest between repetitions was allowed only in the full
hang position) until the individual could no longer complete a full pull-up. The number of
successful repetitions was used as the performance measure in this task [8].

2.5. Data Analysis

Categorical variables are displayed as numbers and percentages, and numeric vari-
ables are presented as means and standard deviations. All numeric variables were firstly
checked for normality of distribution with the Shapiro-Wilk test. If not stated otherwise, all
calculations were performed using SPSS statistical package version 25 (SPSS Inc, Chicago,
IL, USA).

The agreement between measurements was assessed with the intraclass correlation
coefficient (ICC; 1) and with the 95% confidence interval (95% CI) for ICC. Calculations were
performed using SPSS based on a mean rating (k = 2), absolute agreement, 2-way mixed-
effects model. ICC values were interpreted according to recent guidelines [24]. Absolute
and relative measurement error was assessed with a standard error of measurement (SEM)
and with the SEM %, respectively, with the additional calculation of smallest real difference
(SRD) and Bland—Altman analysis [25]. The coefficient of variation (CV) was calculated as
a ratio between the standard deviation and the mean.

The APFT mark (1-5) was used as the outcome variable in the ROC analysis, where
marks 4 and 5 were joined to form a new mark (good to excellent baseline fitness), as
opposed to marks 1-3 (poor to moderate baseline fitness). The ROC analysis was then
carried out to examine the discriminatory ability of the SLHBT to predict APFT passing
score >4 as an objective measure of good baseline fitness quantified by the area under
the curve (AUC) as the diagnostic power of a test. Optimal sensitivity and specificity
were the values yielding maximum AUC from the ROC curves. The optimal value was
considered the cut-off point with the fewest false positives and negatives [26]. MedCalc
16.8.4 statistical software (Ostend, Belgium) was used for ROC analyses.

Following the cut-off point calculation for the SLBHT, we introduced a new categorical
variable based on that cut-off point and performed an analysis of covariance (ANCOVA)
where SLBHT performance was an independent predictor of overall physical performance
(based on performance on all tests) and body mass was used as a covariate. A partial
eta square was calculated to evaluate the effect size. The significance level was set at
p-value <0.05.

3. Results

The results of the reproducibility of the SLHBT in soldiers are presented in Table 1. Both
sides” ICC values were moderate to high, indicating good reproducibility of this test. The
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same was true for the standard error of measurement, which was very low and presented
as less than 5% of the mean. The Bland-Altman plot is depicted in Figure 2. Based on
these results, we conclude that the SLHBT has good reproducibility when performed in
military settings.

Table 1. Reproducibility parameters of single leg hamstring bridge (SLHB) test in soldiers (N = 20).

Side ICC 95% CI for ICC CV % SEM (#) SEM % SRD (#)  SRD (%)
Left 0.898 (0.768, 0.957) 8.28 % 2 3.72% 4 10%
Right 0.901 (0.774, 0.958) 6.78 % 2 4.58% 5 13%

ICC—intraclass correlation coefficient; CV—coefficient of variance; SEM—standard error of measurement; (#)—
number of repetitions; SRD—smallest real difference; CI: confidence interval.
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Figure 2. Bland—Altman plots for the single leg hamstring bridge test for the left and right side.

Receiver operating curve analysis (ROC) was carried out to examine the discriminatory
ability of the SLHBT to predict APFT passing score >4 as an objective measure of good-
excellent baseline fitness quantified by the area under the curve (AUC) as the diagnostic
power of a test. ROC analysis (Figure 3) showed a significant accuracy of the SLHBT in
discriminating between soldiers with good and poor baseline fitness (AUC 0.756, 95% CI
0.687 to 0.817, p <0.0001). The SLHBT cut-off level associated with belonging to a good
baseline fitness group was >20 repetitions (optimal pair of sensitivity and specificity was
81.2 and 59.3, respectively).
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Figure 3. The receiver operating curve for predicting baseline fitness using the single leg hamstring

bridge test.
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There were statistically significant differences in dependent variables between the
groups of soldiers with different SLBHT performance (>21 vs. <20 repetitions; Table 2)
when adjusted for body mass. It should be noted that a non-significant difference was
noted for CM]J (p = 0.229), loaded CM]J (p = 0.49) and push-ups (p = 0.071), while differences
in all other tests (loaded plank test, pull-ups, trunk raises, two-mile run)were significant
with medium size effects according to partial eta square value.

Table 2. Differences in the physical performance of soldiers with different hamstring strengths.

. SLHBT Mean . Partial Eta
Fitness Test Performance N Mean SD F Difference Sig. Squared
Weak 45 97 42
Plank test 12.567 —32 0.001 0.07
(seconds) Good 136 129 49
Weak 45 3
Pull-ups (#) 12.575 -3 <0.001 0.07
Good 136 6 4
Weak 45 27.0 43
CMJ (cm) 1.459 —-1.2 0.229 0.008
Good 136 28.2 4.1
Weak 45 24.5 43
Loaded CM]J (cm) 0.478 —0.69 0.490 0.003
Good 136 25.2 44
Weak 45 66 12
Push-ups (#) 3.306 —6 0.071 0.02
Good 136 70 10
Weak 45 67 13
Trunk raises (#) 10.56 -8 0.001 0.06
Good 136 75 11
Weak 45 15:31 1:19
Two-mile run (min) 15.353 0:59 <0.001 0.08
Good 136 14:31 1:12

SLBHT performance: good >21 repetition; weak <20 repetitions. (#)—number of repetitions. CMJ—countermovement jump.

4. Discussion

The main finding of our study is that the SLHBT shows acceptable reproducibility in a
military setting and has moderate predictive validity to discriminate between soldiers with
poor and good overall physical fitness performance using a cut-off value of 20 repetitions.

In a previous study, the SLHBT was performed on rugby players and showed good to
excellent reproducibility with intra-rater intraclass correlation coefficient (ICC) values in the
range of 0.77-0.89 [19]. This is in line with our results, where the ICC range was 0.77-0.96,
indicating slightly better results. The usefulness of the SLHBT was additionally confirmed
by low SEM % (the limit for the smallest change that indicates a real improvement for
a group of participants following given intervention; e.g., exercise training) and SRD %
values (the smallest change that indicates a real improvement for a single participant) [27],
and no signs of systematic error on Bland-Altman plots.

Our research group was the first to report performance (including percentile ranks)
on this test in the military population [8], where male soldiers have reached 30 and
27 repetitions for the right and left leg, respectively, which was comparable with healthy
semi-elite Australian football players who reached 26 repetitions [19]. The original test
authors have suggested three cut-off values of 20, 21-30, and >30 repetitions for poor,
average, and good hamstring strength, respectively. They have also reported that athletes
with poor hamstring strength (<20 reps) have an increased risk for hamstring strain injury,
indicating the possible importance of this test to screen and identify athletes at risk and to
evaluate their physical readiness for return to sport. Our ROC analysis has shown that a
cut-off point of 20 repetitions can be used in a military setting if we want to discriminate
between soldiers with poor and good overall physical fitness performance (as measured
by APFT and FPFT). The AUC in our study was 0.756 (p < 0.001) and knowing that a
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diagnostic test with AUC value equal to 1 is perfectly accurate, whereas a value equal
to 0.5 has no discrimination power, we may conclude that this value corresponds to a
large effect size [28]. Furthermore, with the simple inclusion of force plate measurement,
this test can be easily transformed into a more thorough and precise isometric posterior
chain test [29] that, unlike an isokinetic test, can also be performed in the field. The SLHBT
requires little equipment and resources, can simultaneously accommodate testing of several
participants [30], and can detect potential bilateral asymmetries.

It seems that good hamstring performance is a characteristic of soldiers with generally
good overall physical performance, as they performed better on all physical fitness tests
(CMJ and push-ups were non-significant, but have shown the same trend). It may be
that soldiers at the lower level of overall physical fitness executed the specific training
program only to achieve better results on the APFT (as this test is obligatory for them),
while on the other hand, soldiers with good overall physical performance (e.g., who
were not worried about passing the APFT successfully) did general functional fitness
training with a broad range of diverse physical tasks. It was shown in previous studies [31]
that a generalized approach to training could also improve soldiers’ scores on the APFT
without a specific focus on APFT tasks. This could at least in part explain how hamstring
performance could be related to, e.g., pull-up and/or push-up performance (p = 0.071).
Additionally, there is a functional-anatomical connection between the hamstring muscles
(biceps femoris muscle; BF) and the sacrotuberous ligament [32] that may also explain the
impact of hamstring performance on other upper body exercises where the trunk needs to
be stabilized. Furthermore, it has been shown in elite soccer players that strengthening of
the hamstrings can influence some explosive activities such as short 5 m and 10 m sprint
times and maximal CM] height [33], showing that hamstring strength can have an influence
on other physical performance parameters. Nevertheless, the different nature of the motor
test must be acknowledged. For example, the CMJ evaluates the elastic—explosive force,
while the SLHBT evaluates unilateral resistance strength, which is why it refers to two
different manifestations of producing force. Additionally, EMG (electromyography) studies
have shown that trunk muscle activities (i.e., internal oblique, rectus abdominis, erector
spinae) are significantly greater during single-leg lift bridge exercise and that such effects
can be increased even more with the performance of this exercise on unstable surfaces [34].
The largest effect size was noticed for the difference in a two-mile run, where soldiers with
good hamstring strength, which is associated with better running performance [35], were
almost 1 min faster than their counterparts with weak hamstring strength.

The single leg bridge exercise and test, as a closed kinetic chain exercise [34], activate
the hamstring, gluteus maximus (GM) and gluteus medius muscles [20] with the single leg
support adding to the rotational torque in the trunk to additionally increase the activation of
the trunk muscles to maintain neutral lumbar position [36]. Higher hamstring performance
is also important [37] in cases where the hamstring muscle, as GM main synergists [38],
needs to take over because of reduced strength or activation of the GM muscle [39,40].
Performing deadlifts, front and back squats, lunges etc. (as weight lifting exercises in
the functional fitness training program) could also result in better achievement in single
leg bridge tests, as these exercises activate gluteal muscles and hamstrings [41,42], which
are also recruited in the single leg bridge task. Incorporating these exercises in military
training to recruit and train the muscles of the posterior chain (the hamstrings and gluteal
group) may minimize overuse in the lumbar extensors (erector spinae) while reducing
the likelihood for injury and enhancing muscular firing patterns [43]. The importance of
increased hamstring strength has also been reported as an important factor in lowering
knee pain in military settings like road marching or hill climbing [44]. The SLHBT could
be of use in the initial physical conditioning screening and its result could help strength
and conditioning trainers to better plan the training of soldiers and to test the progress in
between and at the end of a training cycle.

We acknowledge some limitations of this study. The SLHBT measures strength en-
durance and not maximal strength, and the data to compare SLHBT scores are limited to
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the research of our research group as the SLHBT has not been used in military settings. To
conclude, single leg bridge performance could be a potentially important addition to the
standard APFT testing battery and additional controlled studies are needed to explain our
observational cross-sectional findings.

5. Conclusions

The SLHBT could be a good candidate test for the military population as the receiver
operating curve (ROC) analysis showed the ability of the SLHBT to discriminate between
soldiers with poor and good baseline fitness. The SLHBT is a simple and affordable test
that could be of use in the initial physical conditioning screening and its result could help
strength and conditioning trainers to better plan the training of soldiers and to test the
progress in between and at the end of a training cycle. Its values could be used for perfor-
mance and preventive guidelines for military personnel. Also, the SLHBT results from this
study could be used in the future for creating normative values for the military population.
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