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Background

The Single Leg Bridge (SLB) is widely prescribed for core and posterior chain
strengthening, but normative endurance values are lacking. Establishing benchmarks
may enhance rehabilitation, performance screening, and injury risk assessment.

Hypothesis/Purpose

The purpose of this study is two-fold: The first is to establish normative values for the
SLB endurance test, which physical therapists can use as a reference for rehabilitation.
The second is to evaluate whether visually assessing SLB form loss is as accurate as using
an app with angle detection in measuring the total duration of SLB during endurance
testing.

Study Design

Cross-sectional study

Methods

Participants were recruited through flyers and word of mouth on the Georgia Southern
University campus and within the Savannah community. Participants were excluded if
they had medical conditions or recent injuries that could affect single-leg bridge
performance. All participants completed a standardized warm-up, followed by a single
bilateral trial of the SLB test. Endurance time was recorded using clinician visual
estimation and the Angles App, which identified >10° hip deviation from starting
position. After excluding outliers, descriptive statistics established normative values, and
Pearson correlations assessed agreement between methods.

Results

Seventy-seven asymptomatic participants (mean age 20.3 years; 77.7% female, 17.3%
male) participated in the study. Adjusted normative values were 65.2 seconds (SD = 32.7)
for the dominant leg and 63.9 seconds (SD = 33.7) for the nondominant leg. Strong,
statistically significant correlations were observed between clinician visual and
app-based measures (dominant leg: r = 0.815, p < 0.001; nondominant leg: r = 0.837, p <
0.001).
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Conclusions

This study provides the first normative SLB endurance values for healthy young adults.
Findings demonstrate that clinician visual estimation strongly aligns with app-based
analysis, supporting use of the SLB test in clinical environments where technology access
may be limited. The SLB uniquely challenges posterior chain and gluteal endurance
under unilateral stabilization and may complement existing core endurance assessments.

Level of Evidence
Level 3

INTRODUCTION

Trunk stabilization relies on the strength, motor control,
and coordination of various structures working both pas-
sively and actively. Research shows that mechanical insta-
bility of the spine can occur with forces as low as 90 N,
highlighting the need for strong core musculature to toler-
ate daily spinal loads that can exceed 1,000-3,000 N.! Phys-
ical therapy interventions, including exercises like supine
or quadruped alternating arm and leg movements and the
double leg bridge, help maintain spinal stability by eliciting
co-contraction of core and lower-extremity muscles.!

Foundational studies have shown that core endurance
is a more accurate indicator of functional core strength
and stability than maximal strength, especially in contexts
relevant to injury prevention and physical performance.24
Core muscles, especially those in the deep stabilizing group
(e.g., transverse abdominis and multifidus), are primarily
postural muscles and are meant to sustain activity over
time, supporting the body during daily activities and pro-
longed movements. Endurance testing offers a safe and ef-
fective measure of core performance across different age
groups and fitness levels that can be used to establish para-
meters for treatment and goal setting in rehabilitation.>

Trunk and pelvic control have been recognized as indi-
cators of fitness and injury risk, particularly in high-perfor-
mance populations such as military personnel and athletes.
The Single Leg Bridge (SLB) demonstrated strong predic-
tive accuracy (AUC 0.756) for discriminating between sol-
diers with good and poor fitness on the Army Physical Fit-
ness Test (APFT).6 Similarly, the SLB has shown to have
predictive value for the determination of hamstring injury
risk in Australian Rules Football players, with lower SLB
hold times having a higher risk of sustaining hamstring in-
juries.”

Bridging exercises, like the SLB, are widely used in phys-
ical therapy to strengthen the core, hip, and thigh muscles,
which improves trunk stability and function.! Trunk stabil-
ity is complex, requiring interventions that target various
muscle groups. Core endurance tests have shown greater
reliability for assessing stability compared to other mea-
sures such as flexibility or raw strength.8

The SLB is a unilateral version of the supine double leg
bridge, shown to increase maximal voluntary contraction
(MVC) in core muscles (rectus abdominis, external and in-
ternal obliques, and erector spinae) as well as in hip and
thigh muscles (gluteus medius, gluteus maximus, and ham-
strings).1'? Gasibat et al. showed SLB typically elicits
~40-58% MVIC for gluteus maximus and gluteus medius.19

The SLB is particularly valuable for strengthening the
gluteal muscles, including the gluteus maximus, gluteus
medius, gluteus minimus, as well as tensor fasciae latae.!l
Strong gluteal muscles are crucial for injury prevention,
proper gait mechanics, and athletic performance.l? High
gluteal activation has been observed during the SLB, sur-
passing other gluteal strengthening exercises including
double leg bridge or prone hip extension.!3 Dysfunction in
gluteal muscles is often associated with pain in the ankles,
knees, hips and lower back, making gluteal strengthening
essential in physical therapy.? Additionally, the SLB en-
hances core stability, which can improve conditions like low
back pain and lower-extremity dysfunction.? While norma-
tive data exists for many core endurance assessments, such
as the Sorensen test (240 seconds), side plank endurance
test (72-94 seconds), prone bridge (52-77 seconds), and
double leg bridge (152-188 seconds), there is a lack of es-
tablished norms for the SLB.21415 Further research to de-
velop these norms would support the use of SLB as an ef-
fective measure of core stability. Additionally, establishing
normative data creates a benchmark for injured individuals
to work toward during recovery.

In addition to establishing normative values, it is impor-
tant to examine the accuracy of clinician observation in de-
termining SLB endurance performance. Visual assessment
is the most common method used in clinical practice, yet it
may be subject to variability and potential bias. Prior stud-
ies have shown that trained clinicians can achieve strong
reliability when visually estimating joint motion or postural
deviations, though accuracy may decline without standard-
ized criteria.1® The emergence of digital tools, such as
video-based goniometer applications, provides an opportu-
nity to objectively detect deviations in joint position during
endurance testing. Such applications have demonstrated
acceptable validity, reliability, and usability for measuring
joint angles in both healthy and clinical populations.1?
Comparing visual estimation to app-based analysis can
help determine whether clinicians can reliably identify the
point of form loss using standardized criteria, or whether
technology provides meaningful additional precision. This
comparison has direct implications for the feasibility of the
SLB as a clinical assessment tool across diverse practice set-
tings.

The purpose of this study is two-fold: The first is to es-
tablish normative values for the SLB endurance test, which
physical therapists can use as a reference for rehabilitation.
The second is to evaluate whether visually assessing SLB
form loss is as accurate as using an app with angle detection
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Figure 1. SLB Form Depiction

in measuring the total duration of SLB during endurance
testing.

METHODS

Approval was obtained from the Georgia Southern Univer-
sity Institutional Review Board and all participants pro-
vided informed consent before participation. Inclusion cri-
teria required participants to be between 18 and 60 years
old with no current back or lower-extremity pain. Exclusion
criteria included known medical problems that would affect
SLB performance, including history of chronic low back
pain, disc related pathology, chronic hamstring/gluteal
pain, poor health, current fracture, or lower extremity/low
back injury in the prior six months.

TESTING PROCEDURES

Participants completed a 5-minute active warm-up with
light jogging, high knees, and forward leg kicks, followed
by static stretching for hamstrings and lumbar rotation.
After the warm-up, red adhesive markers were placed on
bony landmarks (lateral acromion, greater trochanter, and
lateral femoral condyle) for precise angle measurements.
Each participant watched a video demonstrating the correct
SLB form: hips parallel with shoulders and knees, foot po-
sitioned under the weight-bearing knee, pelvis level, and
knees parallel (Figure 1). Participants laid supine on the
testing table with knees bent.

Next, participants assumed a double leg bridge position
for 5 seconds before lifting one foot to begin the SLB. The
test duration was recorded, and participants were allowed
one verbal correction if form momentarily wavered, ad-
dressing errors such as hip angle drift, changes in foot posi-
tion, or loss of pelvic symmetry. If the participant was un-
able to regain correct alignment or if the deviation from the
starting position visually exceeded what the researcher de-
termined to be an approximate change of 10-degrees from
the starting position, the researcher noted the time that the
participant lost form. The test was terminated if the partic-
ipant stated they were unable to continue to hold the posi-

Figure 2. Participant Form using Angles App

tion. A two-minute rest was given before repeating the test
on the opposite leg. Both the dominant and nondominant
leg data were used in analysis.

INSTRUMENTATION

The SLB test was analyzed using two methods: visual esti-
mation and the “Angles — Video Goniometer” App (Angles
App). For the visual estimation method, the SLB test was
recorded using the camera app on an iPad 14 and the re-
searcher manually timed the SLB using a stopwatch. The
stopwatch was started by the researcher when the single
leg was lifted off the table and stopped when the form was
lost after no more than one verbal correction (as described
above). For the second method, the Angles App was used
to analyze video recordings of participants and determine
when form deviated from the starting position by more
than a 10-degree change in the sagittal plane. The Angles
App is designed to measure joint angles using video analy-
sis (Figure 2).

The Angles App demonstrates appropriate reliability and
validity in assessing knee joint range of motion, with in-
traclass correlation coefficients (ICC) exceeding 0.69 and
strong validity, with correlation coefficients over 0.61. Ad-
ditionally, the Angles App received an acceptable usability
score with a System Usability Scale (SUS) rating above 68.17
The videos were imported into the Angles App to record the
time where a 10-degree change occurred, which was com-
pared to the visual estimation method.

STATISTICAL ANALYSIS

Data were initially entered and coded in Excel Spread-
sheets, then transferred to IBM SPSS Statistics 21.0 for
analysis. Frequency tables and normalcy graphs were gen-
erated to examine correlations between SLB endurance and
variables such as sex, age group, and activity level. The SLB
hold times determined by the Angles App were averaged to
provide normative data. Comparisons were also made be-
tween the time recorded from the Angles App where more
than a 10-degree change occurred, and the time manu-
ally recorded by the researcher (visual estimation method)
when they thought the participant made more than a
10-degree change in hip flexion angle from their starting
position to determine accuracy of the clinician’s ability to
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determine accurate test form. Pearson product-moment
correlation coefficients were calculated to examine the
strength and direction of the association between SLB hold
times measured using the Angles App and those estimated
visually by the clinician. Correlation strength was inter-
preted using conventional thresholds, with values >0.50
considered strong.

RESULTS

The study examined asymptomatic subjects (77.7% female,
17.3% male; mean age 20.3 years) through convenience
sampling. Among participants, 89.6% engaged in regular
exercise, 16.5% had a history of musculoskeletal injuries,
and only one participant reported previous back or lower-
extremity injuries (greater than six months ago). The study
team collected data on SLB performance, with normative
values computed based on visual estimation and angle
measurements. Three subjects were excluded during
screening due to having sustained a lower extremity or back
injury within the prior six months, leaving (77) participants
in the study. Further analysis using box and whisker plots
identified three outliers (one from dominant leg using vi-
sual estimation, and one each from nondominant leg using
visual estimation and angle measurements).

After removal of outliers, the normative values were 65.2
seconds (SD = 32.7) for the dominant leg and 63.95 seconds
(SD = 33.71) for the nondominant leg. In addition to the
normative analyses, Pearson correlation coefficients were
calculated to examine the relationship between angle-
based measurements and visual estimation. When outliers
were excluded, strong and statistically significant correla-
tions were observed for both limbs, with the dominant leg
demonstrating a correlation of r = 0.815 (p < 0.001) and the
nondominant leg demonstrating a correlation of r = 0.837
(p < 0.001).

DISCUSSION

This study aimed to establish normative values for the SLB
endurance test and to evaluate the accuracy of visual as-
sessment compared to a video-based angle detection app
(Angles App). The findings provide preliminary normative
data for SLB endurance and demonstrate that clinician vi-
sual assessment correlates strongly with app-based mea-
surement, supporting the practical utility of using the SLB
in clinical settings.

The mean hold times observed in this sample are 65.2
seconds on the dominant leg and 63.95 seconds on the non-
dominant leg, which offers an initial benchmark for healthy
adults. These findings are consistent with existing litera-
ture suggesting the SLB is a valid and challenging test of
posterior chain and core endurance.l:? Compared to pre-
viously established norms for other core endurance tests
(e.g., Sorensen, side plank), the SLB appears to demand a
moderate level of endurance, aligning with its unique re-
cruitment of gluteal muscles, hamstrings, and lumbar sta-
bilizers.2:15

Normative values for the single leg bridge (SLB) in this
asymptomatic cohort, 65.2 seconds (SD = 32.7) for the dom-
inant leg and 63.95 seconds (SD = 33.71) for the nondom-
inant leg, offer a unique measure of posterior chain en-
durance under single-limb stabilization. When compared
to established core endurance norms, the current findings
complement the broader pattern of core endurance capac-
ities. For the anterior core, isometric plank endurance is
typically categorized as “average” when held for 1-2 min-
utes, “above average” at 2-4 minutes, and “excellent” be-
yond 6 minutes.!8 Mean plank times in healthy adults have
been reported around 145 seconds ( 71.5),19 with Strand
et al. noting median values of 110 seconds for males and 72
seconds for females.20 Lateral core endurance also varies,
with studies reporting mean durations of 83.2 seconds
(right side) and 81.5 seconds (left side) among male long-
distance runners,2! while general adult populations often
report shorter times, such as 34 seconds for males and 19
seconds for females.22 For trunk extensor endurance, the
Biering-Segrensen test has demonstrated normative hold
times ranging from approximately 100 to 200 seconds in
healthy adults, with some samples averaging ~198 seconds
for males and ~197 seconds for females.23:24

The SLB time assessed in this cohort is consistent with
endurance outcomes reported for other core measures. Im-
portantly, the SLB places greater demand on the gluteal and
posterior chain musculature under unilateral stabilization,
offering a distinct yet complementary perspective to an-
terior, lateral, and trunk extensor endurance assessments.
Collectively, these findings support the use of a multi-test
battery to capture the multidimensional nature of core en-
durance in clinical and research contexts.

The strong correlations found between clinician visual
estimation and app-derived measurements (r = 0.815 for
the dominant leg, r = 0.837 for the nondominant leg) rein-
force the reliability of experienced clinicians in identifying
SLB form breakdown. This is particularly relevant in clini-
cal environments where access to motion analysis technol-
ogy is limited. While the Angles App offers objective mea-
surement with good reliability and usability,!7 the current
findings suggest that with appropriate training and stan-
dardized criteria, clinicians can achieve comparable accu-
racy using visual assessment alone. These findings are con-
sistent with prior research indicating that trained clinicians
can reliably identify joint deviations using visual estima-
tion.1® While visual estimation offers a fast and accessible
option for clinical environments, app-based tools such as
the Angles App provide objective, quantifiable data with ex-
cellent intra-rater reliability (ICC > 0.69) and strong valid-
ity (r > 0.61) for joint angle assessment.1” The high agree-
ment between visual and app-based methods in the current
study suggests that clinicians can accurately identify form
loss using standardized criteria, particularly when devia-
tions exceed a 10-degree threshold. Thus, both methods
offer valuable, complementary approaches for valid mea-
surement of the SLB: visual estimation remains a valid and
efficient option for clinical use, while app-based measure-
ments may be preferable when greater precision is needed
for documentation or research. Overall, these adjusted nor-
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mative values and the strong correlation between the mea-
surement methods provide a robust benchmark for evaluat-
ing SLB performance in healthy populations.

Notably, the current sample primarily consisted of
healthy, physically active young adults, which may explain
the relatively high endurance times observed. This aligns
with prior studies suggesting that core endurance corre-
lates more closely with physical performance and injury
prevention than raw strength.3# The high percentage of
participants reporting regular exercise (89.6%) may have
positively influenced the normative values, and future re-
search should explore SLB norms across more diverse pop-
ulations, including sedentary individuals, older adults, and
those with musculoskeletal conditions.

Importantly, the SLB’s value lies not only in its ability
to measure endurance but also in its functional relevance.
Previous research has linked SLB performance to athletic
fitness and injury risk primarily through its ability to assess
lumbopelvic stability, gluteal endurance, neuromuscular
control, and movement patterns that mirror known biome-
chanical contributors to lower extremity injuries.®7 Given
its ease of administration, minimal equipment needs, and
sensitivity to gluteal and hamstring deficits, the SLB may
be a valuable screening tool in both athletic and rehabilita-
tion settings.

While this study contributes to filling the gap in norma-
tive data for the SLB, it is not without limitations. The use
of convenience sampling and a relatively homogenous sam-
ple limits generalizability. Additionally, although the An-
gles App provides reliable angle measurements, it requires
a nominal cost ($0.99), and its use still entails some degree
of subjectivity in determining the point of form loss when
compared with more advanced motion capture software.
Future studies may benefit from integrating electromyo-
graphic (EMG) data or 3D motion capture to further vali-
date SLB kinematics and muscular engagement during the
task.

CONCLUSION

This study establishes preliminary normative data for the
SLB endurance test in healthy adults and supports the va-
lidity of clinician visual assessment for determining form
loss during testing. The SLB provides a practical, low-cost,
and functionally relevant measure of posterior chain and
core endurance, complementing traditional core stability
assessments such as the plank and Sorensen tests. Strong
correlations between clinician visual estimation and app-
based measurements confirm that trained clinicians can ac-
curately identify performance breakdowns using standard-
ized criteria, even without motion analysis technology.
These findings reinforce the clinical applicability of the
SLB as both an assessment and rehabilitation tool targeting
gluteal and trunk endurance. Future research should vali-
date these benchmarks across broader age ranges and clin-
ical populations, integrating electromyographic or kine-
matic analyses to further refine test precision and establish
predictive relationships between SLB endurance, injury
risk, and functional performance.
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