I SP I Deck C, Smith J, Veenis A, Lehecka B, Hakansson N. The 30-Second Roll to Quadruped
)= = Test: Linking Muscle Strength and Endurance with Rolling. [/SPT. 2025;20(12):1714-1722.
SPORTS PUICAL THERARY doi:10.26603/001¢.147064

Original Research
The 30-Second Roll to Quadruped Test: Linking Muscle Strength

and Endurance with Rolling

Chris Deck, DPT, MA, MBA', Justin Smith, DPT, PhD*®% Adam Veenis, DPT?, Bryan Lehecka, DPT, PhD?,
Nils Hakansson, PhD'

1 Biomedical Engineering, Wichita State University, 2 Physical Therapy, Wichita State University

Keywords: Rolling Strategies, 30-second Roll to Quadruped Test, 30RQ, Hop, Pivot, Walk-Up, Prone to Quad.
https://doi.org/10.26603/001¢.147064

International Journal of Sports Physical Therapy
Vol. 20, Issue 12, 2025

BACKGROUND AND PURPOSE

Quantitative tests are common for documenting transfers and gait status. While
qualitative rolling tests have been attempted, a quantitative measurement for rolling
does not currently exist.

The purpose of this study was to determine if the 30-second Roll to Quadruped test
(30RQ) can serve as a measurement of rolling ability and to explore relationships
between participants’ rolling abilities, rolling strategies, strength, endurance, age, sex,
activity levels, and BMI.

STUDY DESIGN

Cross-Sectional Study

METHODS

Eighteen healthy adults (n=18, age range: 20-40 years) without musculoskeletal
impairments were recruited for participation in this study. Muscle strength of select
muscles of the shoulder, hip, elbow, and knee was assessed using hand-held
dynamometry. Core endurance and lower extremity endurance were measured using a
maximum duration plank test and the 30-Second Chair Stand test, respectively. The
30RQ test involved participants performing repeated supine-to-quadruped rolls for 30
seconds, with the number of successful rolls recorded. Video recordings were used to
capture rolling strategies for qualitative and to record numbers for quantitative analysis
and were reviewed by three physical therapists. Correlational analyses were also used to
examine the relationships between 30RQ performance, subject characteristics, and all
other outcomes

RESULTS

The 30RQ test performance showed several significant correlations (p < 0.05). Male sex
was strongly correlated with increased total number of rolls (r = 0.770) and use of the
pivot technique (r = 0.765). Increased total roll count demonstrated strong positive
correlations with multiple increased strength measures and the pivot rolling strategy
showed a strong positive correlation with an increased total number of rolls completed (r
=0.778).
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CONCLUSION

These findings suggest that the 30RQ test may serve as a useful assessment tool for
evaluating rolling ability and that increased rolling ability correlates with increased
upper and lower extremity strength, lower extremity endurance, male sex, and use of the
pivot rolling strategy. Further studies with larger populations are needed.

LEVEL OF EVIDENCE
Level 3

INTRODUCTION

Rolling is a fundamental movement skill that humans de-
velop in infancy and utilize throughout their lifespan.! This
coordinated movement requires muscular contributions
from multiple body regions: upper extremities (shoulder
flexion and horizontal adduction), core musculature (trunk
rotation), and lower extremities (hip flexion and exten-
sion).! Beyond its developmental importance, rolling is also
critical for independence in adulthood and impaired rolling
ability can lead to significant health implications including
increased risk of pressure injuries in bed bound individu-
als.2 Various conditions can impact rolling ability, includ-
ing neuromuscular diseases, Parkinson’s Disease, spinal
cord injury, and advanced age.3-5

Assessing rolling ability has potential implications
across diverse populations. In athletic populations, rolling
assessment may provide insights into rotational power,
core stability, and strength that impact sports performance
and injury prevention.! Rotational movements associated
with rolling are crucial in athletic performance and pro-
vides a foundation for complex athletic movements by es-
tablishing core stabilization and coordinated extremity
function.®7 In rehabilitation settings, rolling and rotational
strength assessment could also help track progress in pa-
tients with neurological conditions, after surgery, or ad-
vanced age.25 Additionally, rolling patterns might serve as
an early indicator of movement dysfunction in otherwise
healthy populations, allowing for preventive intervention
to be performed before significant limitations develop such
as knee injuries due to decreased hip abduction strength.l:
8,9

Currently, numerous validated quantitative measures
exist for assessing various aspects of physical function.
These include tests for muscle strength (Medical Research
Council Manual Muscle Testing),10 fall risk (Timed Up and
Go),!! gait speed (10-meter walk test),12 balance (Berg Bal-
ance Scale),!! lower body strength and endurance (30 Sec-
ond Chair Stand Test),!314 core muscle endurance (maxi-
mum Plank Hold),!2 and general mobility (Elderly Mobility
Scale).!> While these established tests primarily assess
movements in the sagittal plane, focusing on joint flexion
and extension, there remains a notable absence of stan-
dardized evaluations for transverse and frontal plane move-
ments, particularly those involving trunk rotation and hip
abduction/adduction.

Despite rolling’s fundamental importance to both daily
function and rotational movements for athletic perfor-
mance, no standardized quantitative measure exists for as-
sessing rolling ability and its relationship to muscle

strength and endurance. Recognizing this gap, this study
introduces the novel 30-second Roll to Quadruped test
(30RQ), designed to measure rolling ability and its correla-
tion with specific physical capabilities. Therefore, the pur-
pose of this study was to determine if the 30-second Roll
to Quadruped test (30RQ) can serve as a measurement of
rolling ability and to explore relationships between par-
ticipants’ rolling abilities, rolling strategies, strength, en-
durance, age, sex, activity levels, and BMI.

METHODS

STUDY DESIGN AND PARTICIPANTS

This cross-sectional observational study was approved by
the Institutional Review Board for Human Subjects Re-
search at the University where the authors are employed
(IRB #5514). Nineteen healthy adults (8 males, 11 females)
aged 20-40 years were recruited from a Doctor of Physical
Therapy program through convenience sampling. Inclusion
criteria consisted of: (1) age between 18-40 years, (2) no
musculoskeletal injuries within the prior six months, and
(3) ability to understand and follow testing instructions.
Exclusion criteria included any recent injury or condition
within the prior six months that would affect testing per-
formance, an inability to understand and follow testing in-
structions, and being younger than 18 years of age or older
than 40 years of age.

TESTING PROCEDURES

All testing was conducted in a single session following a
standardized protocol. After providing informed consent
and completing demographic information (age, sex, activity
level, height and weight to calculate BMI, and injury his-
tory), participants performed a five-minute warm-up on a
stationary bike at a self-selected intensity targeting 5/10
on the modified Borg scale of perceived exertion. Activity
levels were categorized as sedentary, lightly active, moder-
ately active, highly active, and extremely active. Sedentary
was defined as performing little to no exercise per week.
Lightly active was defined as exercising 1-2 day per week.
Moderately active was defined as exercising 3-5 days per
week. Highly active was defined as exercising 6-7 days per
week and extremely active was defined as exercising more
than once daily. BMI was calculated by dividing weight (kg)
by height (m)2.
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STRENGTH ASSESSMENT

Upper extremity muscle strength testing was performed in
supine and consisted of elbow flexion and extension, shoul-
der flexion, abduction, adduction, external/internal rota-
tion, extension, and horizontal abduction/adduction. Lower
extremity muscle strength testing was mostly tested in
supine, but knee flexion/extension and hip internal/exter-
nal rotation were tested in sitting.

All strength tests were assessed in a consistent order us-
ing a handheld force dynamometer (ergoFET Digital Force
Gauge, Hoggan Scientific, LLC., Salt Lake City, UT, USA) ac-
cording to the Hoggan Scientific, LLC muscle testing posi-
tions educational handout (Appendix 1). Researchers used
verbal cuing and encouragement for the participant to per-
form at their maximum effort during the strength testing.
Two measurements were performed for each movement per
side with a five second isometric hold each time, and the
average value of the two measurements was used for data
analyses for each muscle group tested. Co-investigators as-
sessed the right side and then the left side before taking
the second measurement with a 30 second rest break in be-
tween the first and second measurement for the same mus-
cle. All strength measurements that were tested in sitting
were taken first, followed by the measurement tested in
supine to reduce the number of changes of position by the
participant. Mean maximum values between the right and
left sides were used for data analysis.

CORE ENDURANCE ASSESSMENT

Following strength testing and a five-minute rest period,
participants then performed a maximum duration plank
test to assess their core endurance. The test was terminated
by the co-investigator when participants could no longer
maintain proper form (defined as holding a plank position
on the toes and elbows on a mat with a straight back, hips
straight, and knees straight) as visually determined by the
examiner, or the participant voluntarily stopped.

30-SECOND ROLL TO QUADRUPED TEST (30RQ)

After a five-minute rest period, participants performed the
30RQ test on a mat on the floor. Starting in the supine po-
sition with arms by their side, participants were instructed
to roll alternately right and left into quadruped position
(shoulder, hips and knees at 90 degrees) as many times as
possible in 30 seconds. Each time the participant rolled into
quadruped it was counted as one repetition. All participants
were given time to practice prior to starting the assessment.
Video recordings were taken from both sagittal and frontal
planes to capture rolling strategies. A successful roll was
defined as achieving proper quadruped position with shoul-
ders, hips, and knees at 90 degrees before initiating the roll
back to the supine position and then back to quadruped on
the other side. The total number of rolls completed in 30
seconds were counted and recorded for each participant and
were also categorized by rolling strategy.

LOWER EXTREMITY ENDURANCE ASSESSMENT

Following another five-minute rest period, participants
completed the 30-second Chair Stand Test (30 CST) to as-
sess their endurance. Participants performed the 30 CST
with their arms crossed over their chest, recording the
number of complete sit-to-stand repetitions achieved from
a standard 18-inch chair. This assessed the participants
overall lower extremity endurance.!3,14

VIDEO ANALYSIS

Three licensed physical therapists independently reviewed
the video recordings to 1. Verify the number of successful
rolls completed; and 2. Classify each participant’s rolling
strategy into one of four categories: Hop, Pivot, Walk-up,
and Prone to Quad (Figure 1). Consensus was reached
through discussion when classifications differed.

DATA ANALYSIS

Descriptive statistics were used to describe participant
characteristics and test results. An independent t test was
first used to determine if mean differences between genders
and total rolls, rolling strategies, upper and lower extremity
strength and lower extremity and core endurance were sta-
tistically significant. Pearson product moment correlation
analyses were also used to examine the relationships be-
tween 30RQ performance (number of total rolls and rolling
strategy) and participant age, sex, activity levels, core en-
durance, upper and lower extremity muscle strength, BMI,
and lower extremity endurance. For this study, a Pearson
product moment correlation of < 0.40 was considered a
weak correlation, a correlation of 0.40-0.69 was considered
a moderate correlation, and a correlation of > 0.70 was con-
sidered a strong correlation.!®

RESULTS

This study initially enrolled nineteen participants from a
single academic institution. After excluding one participant
who performed the 30RQ test incorrectly due to not having
shoulders, hips and knees in a 90 degrees angle during
quadruped prior to transitioning back to supine during all
repetitions, eighteen participants (8 males, 10 females;
mean age = 25.67 £ 2.1 years) completed all testing pro-
cedures. Most participants reported moderate activity lev-
els based on self-assessment (Table 1). Male participants
demonstrated a statistically significant higher total roll
count in 30 seconds (19.38 vs 12.80 rolls; p < 0.01) when
compared to female participants (Table 2). The pivot rolling
strategy was the most used rolling strategy for both male
and female participants with males demonstrating a sta-
tistically significant difference when compared to females
(18.0 vs 7.9 reps; p < 0.01). Female participants were more
likely to use the hop up (1.50 vs 1.13 reps), walk up (0.30
vs 0 reps), and a statistically significant increase in use of
the prone to quadruped (3.10 vs 0.25 reps; p < 0.05) rolling
strategies when compared to male participants (Table 2).
Baseline strength measurements also revealed consistent
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A. Hop

B. Pivot

Figure 1. Rolling Strategies.

C. Walk-Up D. Prone to Quad

A. Hop: a power-based technique characterized by a direct transition from side-lying to quadruped through a vaulting motion, requiring significant upper body and core strength. B.
Pivot: a rotation-based technique transitioning from side-lying to quadruped by rolling over the knees, emphasizing controlled movement through the transverse plane. C. Walk-Up:
a segmental technique beginning with rolling to a prone position with elevated shoulders, followed by alternating hip and knee flexion to achieve quadruped position. D. Prone to

Quad: a sequential technique involving first achieving prone position, then using upper extremity push-up motion combined with lower extremity crawling to reach quadruped posi-

tion.

Table 1. Characteristics of the Study Participants (n=18)

Mean (Standard Deviation) Number (%)
Age (y) X +/-SD 25.67 (4.17)
BMI (kg/m*) X +/- SD 24.93(4.71)
Sex
Male 8 (44)
Female 10 (56)
Current Activity Levels
Sedentary 0
Lightly Active 5(28)
Moderately Active 12 (67)
Highly Active 1(5)
Extremely Active 0

Table 2. Rolling results, including strategy used during rolls by sex and among all participants

Participants Hop Up Pivot Prone to Quad Walk Up Total Rolls
Male 1.13 18** 0.25 0 19.38**
Female 1.50 7.9 3.10* 0.30 12.80
Total sample 1.33 12.39 1.83 0.17 15.72

*Statistically significantly different between sexes (p < 0.05) **Statistically significantly different between sexes (p < 0.01)

statistically significant sex differences across all tested up-
per and lower extremity muscle groups (Tables 3 and 4).
Sex differences for lower extremity endurance and core en-
durance measurements were not statistically different (Ta-
bles 3 and 4).

The prone to quadruped strategy showed distinct corre-
lation patterns, including a moderate positive correlation
with age (r = 0.669, p < 0.01) and moderate negative corre-
lations with female sex (r = -0.483, p < 0.05), total roll count
(r=-0.565, p < 0.05), and activity level (r = -0.486, p < 0.05).
This strategy also demonstrated moderate negative correla-
tions with multiple strength measures, including elbow ex-
tension (r = -0.566), shoulder abduction (r = -0.530), shoul-

der flexion (r = -0.496), hip abduction (r = -0.495), and hip
flexion (r = -0.472; p < 0.05). The hop and walk-up strate-
gies showed no significant correlations with any measured
variables (Tables 5 and 6).

Overall performance on the 30RQ test, measured by total
roll count, demonstrated strong positive correlations (r >
0.700, p < 0.01) with male sex (r = 0.770) and multiple
strength measures. These strong correlations between male
sex and strength measures were observed with hip strength
measures including flexion (r = 0.785), abduction (r =
0.751), and extension (r = 0.726), as well as shoulder
strength measures including flexion (r = 0.737), abduction
(r = 0.759), horizontal abduction (r = 0.707), and horizontal
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Table 3. Upper Extremity Strength, Core Endurance, and Lower Extremity Endurance results by sex and among

all participants

Participants Shoulder Shoulder Horizontal Adduction Max Plank Hold 30CST
Flexion (Ibs.) (seconds) (reps)
(Ibs.)
Male 70.44** (4.86) 59.09**(7.02) 107.24(35.91) 31.25(4.03)
Female 41.02(10.36) 33.97(12.31) 83.21(26.50) 26.40(7.37)
Total 54.09(17.12) 45.133(16.29) 93.89(32.46) 28.56 (6.45)
*Statistically significantly different between sexes (p < 0.05) **Statistically significantly different between sexes (p < 0.01)
Table 4. Lower Extremity Strength results by sex and among all participants
Participants Hip Abduction Horizontal Hip Abduction Hip Flexion Hip Extension
(Ibs.) (Ibs.) (Ibs.) (Ibs.)
Male 76.69**(17.37) 66.33**(8.32) 72.68**(6.96) 65.59**(9.84)
Female 45,12 (15.74) 46.34(9.20) 46.84(11.12) 44.67 (11.98)
Total 59.15(22.71) 55.23(13.33) 58.33(16.12) 53.97 (15.17)
*Statistically significantly different between sexes (p < 0.05) **Statistically significantly different between sexes (p < 0.01)
Table 5. Correlations between rolling strategies and participant demographics
Correlation Hop Pivot Prone to Quad Walk Up Total Rolls
Age -0.119 -0.229 0.669** -0.192 -0.016
Activity Level 0.119 0.220 -0.486* 0.139 0.117
Sex -0.049 0.765** -0.483* -0.298 0.770**
BMI -0.206 0.296 -0.183 -0.344 0.108
*Statistically significant (p < 0.05) **Statistically significant (p < 0.01)
Table 6. Correlations between total rolls, rolling strategies and strength and endurance outcomes
Correlation Hop Pivot Prone to Quad Walk Up Total Rolls
Hip Abduction 0.094 0.663** -0.495* -0.192 0.751**
Hip Horizontal Abduction 0.020 0.483* -0.251 -0.213 0.575*
Hip Horizontal Adduction 0.035 0.282 -0.026 -0.154 0.442
Hip Flexion 0.217 0.616** -0.472* -0.340 0.785**
Hip Extension -0.034 0.694** -0.419 -0.301 0.726**
Knee Flexion 0.199 0.516* -0.370 -0.337 0.685**
Knee Extension -0.021 0.673** -0.447 -0.292 0.671**
Shoulder Flexion -0.155 0.797** -0.496* -0.121 0.737**
Shoulder Abduction 0.074 0.701** -0.530* -0.310 0.759**
Shoulder Horizontal Abduction -0.182 0.762** -0.452 -0.114 0.707**
Shoulder Horizontal Adduction 0.024 0.728** -0.466 -0.255 0.789**
Elbow Extension -0.065 0.702** -0.566* 0.143 0.655**
Plank Hold -0.058 0.418 -0.414 0.079 0.329
30CST 0.077 0.468 -0.443 -0.012 0.495*

*Statistically significant correlation (p < 0.05) **Statistically significant correlation (p < 0.01)

adduction (r = 0.789). Moderate positive correlations were < 0.01), and 30-second Chair Stand Test performance (r =
found for both male and female sex between total roll count  0.495, p < 0.05). There were no statistically significant cor-
and hip horizontal abduction strength (r = 0.575, p < 0.05), relations between core endurance measures and total num-
knee flexion (r = 0.685, p < 0.01) and extension strength (r  ber of rolls or rolling strategies.

= 0.671, p < 0.01), elbow extension strength (r = 0.655, p
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DISCUSSION

PRIMARY FINDINGS

The results of this study demonstrate several key findings
regarding the 30RQ test. Analysis of rolling strategies re-
vealed distinct patterns across the sample population. The
pivot technique emerged as the predominant method, ac-
counting for 79% of total rolls, followed by prone to
quadruped (18%), hop (8%), and walk-up (1%). The pivot
strategy demonstrated strong associations (r > 0.700) with
male sex, increased total roll count, and upper extremity
strength measures. Second, total roll performance strongly
correlated with both upper and lower extremity strength
measures, particularly in male participants. Third, distinct
patterns emerged between rolling strategies and physical
capabilities, with the pivot strategy associated with higher
strength measures and the prone-to-quad strategy asso-
ciated with female sex, lower strength measures and de-
creased activity levels.

ROLLING STRATEGY SELECTION AND PERFORMANCE

The pivot strategy’s moderate correlations with hip and
knee strength align with previous research linking in-
creased muscle strength to rolling capability, particularly
regarding core and hip strength.1” The sex differences ob-
served in muscle strength, strategy selection and rolling
performance may be attributed to established physiological
differences, as male participants typically demonstrate in-
creased muscle mass and type II muscle fibers.!® Neuro-
muscular coordination (movement order) and sequencing
(movement timing) are also important to rolling.!? Muscu-
lar weakness is one reason why rolling capacity may be lim-
ited in participants, but future studies are needed to further
assess specific neuromuscular coordination and sequencing
during rolling for participants completing the 30RQ.1?

The prone-to-quadruped strategy, used predominantly
by participants with lower strength measures, may rep-
resent a compensatory movement pattern. This strategy’s
moderate correlations with increased age, decreased activ-
ity level, and lower strength measures suggest it may be
chosen when insufficient strength exists to perform the
more demanding pivot technique. The limited use of hop
and walk-up strategies likely reflects their biomechanical
inefficiency for repeated performance, though their lack of
correlation with any measured variables warrants further
investigation.

CLINICAL IMPLICATIONS

These findings suggest that the 30RQ test may serve as
a useful assessment tool for evaluating rolling ability and
that rolling ability correlates with strength, sex, lower ex-
tremity endurance, and rolling strategy. The 30RQ test may
provide clinicians with a way to assess rolling ability and
strength and identify impairments that might be missed
through traditional testing methods such as manual muscle
testing.

The distribution of rolling strategies used during testing
provides additional clinical insight beyond basic perfor-
mance metrics. The current findings suggest that the pro-
portion of pivot versus prone-to-quadruped strategies may
serve as a qualitative indicator of strength and movement
efficiency during rolling. A higher proportion of pivot strat-
egy usage correlated with greater strength measures, while
increased reliance on the prone-to-quadruped strategy may
indicate areas requiring clinical attention. This pattern of
strategy selection, combined with quantitative performance
measures, offers clinicians a more comprehensive under-
standing of a patient’s strength and rolling abilities.

The vestibular demands of repeated rolling movements
should be considered when interpreting test results. Some
patients may demonstrate decreased performance due to
vestibular processing rather than strength limitations, sug-
gesting that clinicians should monitor for signs of vestibu-
lar involvement during testing. A modified version of this
test, consisting of four repetitions (two complete circuits
of rolling right and left to quadruped), might provide sim-
ilar clinical insights while minimizing vestibular effects.
This adaptation, like established strength tests like the Five
Time Sit to Stand Test, could allow clinicians to assess both
movement quality and strategy selection while timing the
performance. Future studies should include a modified ver-
sion of this test to minimize vestibular effects.

LIMITATIONS AND FUTURE RESEARCH

Several limitations should be considered when interpreting
these results. The sample size was relatively small and ho-
mogeneous, potentially limiting generalizability. Addition-
ally, the lack of EMG data prevents detailed understanding
of muscle activation patterns during different rolling
strategies. The 30-second duration of the test may intro-
duce a vestibular component that could influence perfor-
mance independent of strength capabilities. Some partic-
ipants may experience dizziness or disorientation during
repeated rolling, potentially masking their true strength ca-
pabilities and confounding test results.

Future research studies should address these limitations
by using larger, more diverse sample populations and lon-
gitudinal studies to establish normative data and assess
predictive validity. Future studies should also investigate
using EMG analysis of muscle activation during different
rolling strategies and investigate the test’s utility in ath-
letic and clinical populations. Future studies should also
develop standardized criteria for assessing and document-
ing rolling strategy selection.

The proportion of different strategies used during rolling
may prove to be as clinically meaningful as the total num-
ber of rolls completed when assessing patients. Future re-
search should explore whether strategy distribution pat-
terns can serve as reliable indicators of strength and
movement capability, potentially leading to the develop-
ment of more refined clinical assessment tools.
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CONCLUSION

The results of this study indicate that total roll performance
was strongly correlated with increased upper and lower ex-
tremity strength measures, particularly in male partici-
pants. The pivot strategy demonstrated strong associations
with male sex, increased total roll count, and increased up-
per extremity strength measures. The prone-to-quad strat-
egy was associated with lower strength measures and de-
creased activity levels. The 30RQ may be a useful
qualitative and/or quantitative test to clinically measure
not only the task of rolling, but also strength patterns in the
shoulder, hip, knee, elbow, as well as lower extremity en-

durance .The 30RQ does not relate significantly to core en-
durance as measured by the maximum duration plank test.
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