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Background

Muscle power is an important physical capability across all age groups and health
statuses. Typically, assessing lower limb muscle power requires expensive and
sophisticated equipment to ensure reliability and validity of power. Hence, there exists a
clear need to identify a simple and effective functional performance test that can serve as
a proxy for evaluating muscle power when equipment is unavailable. Thus, this study
aimed to identify an easily administered, functional performance test to assess unilateral
muscle power.

Methods

Correlations between maximal leg extensor power (LEP) were measured using the
Nottingham Power Rig, and several functional tests (i) unilateral 5-repetition
Sit-To-Stand (5STS), (ii) unilateral 30-second Sit-To-Stand (30STS), and (iii) unilateral
Hop For Distance (HFD), as well as (iv) self-reported physical activity assessed by the
Short Questionnaire to AsseS Health-enhancing physical activity (SQUASH). Pearson’s
correlation coefficients were calculated between LEP and the functional tests for both
legs, as well as self-reported activity, among 52 healthy participants with a mean age of
31.1 years (ranging 19-49 years).

Results

A negligible correlation was found between LEP and SQUASH score. Negligible
correlations were found between LEP and unilateral 5STS, unilateral 30STS, and HFD on
the dominant leg. Positive low correlations were found between LEP and Unilateral 30STS
(r=0.43, p=<0.01) and HFD (r=0.44, p=<0.01) on the non-dominant leg, as well as an
inverse low correlation between LEP and unilateral 5STS (-0.42, p=0.01) on the
non-dominant leg.

Conclusion

All correlations produced were negligible to low, suggesting that the functional tests
investigated in this study may not be indicative of lower limb muscle power.

Level of evidence
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INTRODUCTION

The ability to perform movements fast and forcefully is a
desirable physical capability across all age groups regard-
less of health status. Maximal muscle power represents
the product of maximal muscle force combined with max-
imal contraction speed.! Muscle power is integrated into
everyday tasks, such as climbing stairs, crossing the street,
and in various sport-specific movements such as sprinting,
side-cutting, and jumping.2:3 Therefore, muscle power is
often assessed in both healthy and athletic populations2-5
as well as in elderly and clinical populations.6-1! Higher
production of muscle power is associated with better ath-
letic performance.3 Similarly, higher production of muscle
power is associated with functional performance in both el-
derly and patient populations.6:10-12

Expensive and sophisticated equipment, such as the
Nottingham Power Rig or force plate-based methods, are
typically considered the gold standard for assessment of
lower limb muscle power.12:12-15 Alternatively, the Counter
Movement Jump has been proposed for use when testing
lower limb muscle power, as it is closely associated with Leg
Extensor Power (LEP).1316 However, it requires a wearable
inertial measurement unit or a force plate to derive a mus-
cle power estimate from the jump height measurements.!”
Alcazar and colleagues demonstrated that both Bilateral 5
repetition Sit-To-Stand (5STS) and Bilateral 30-second Sit-
To-Stand (30STS) are highly correlated with physical func-
tion in older populations.®18.1° Moreover, they also pro-
duced unilateral power estimates derived from the bilateral
sit-to-stand tests. However, caution should be exercised
when applying those estimations in younger or middle-
aged subjects, as well as in subjects with side-to-side dif-
ferences in lower limb function. Furthermore, performing a
bilateral sit-to-stand test can be impractical due to injury-
related limitations,?0 such as wearing a leg-brace on one
leg, where it may still be valuable to assess muscle power
loss in the contralateral leg due to immobilization. Addi-
tionally, it may be redundant to perform a bilateral test, be-
cause the task may not yield a true maximal effort when
performed in younger populations. Thus, an inexpensive,
easy-to-administer, test for lower limb muscle power, is im-
portant to identify and validate.

Both the Bilateral 30STS and the Bilateral 5STS exists as
unilateral tests, and both the Unilateral 30STS and the Uni-
lateral 5STS are feasible and valid measures of quadriceps
strength, establishing them as appropriate tests for assess-
ing lower extremity strength in adults.20-24 However, it is
unknown whether these tests correlate with muscle power,
specifically LEP. Understanding this relationship is impor-
tant, as LEP is a key determinant of physical function across
healthy and clinical populations.!2-15 Previous studies have
demonstrated that another unilateral test for leg function,
the unilateral Hop For Distance test (HFD), correlates with
lower limb muscle peak power production in injured and
active athletes.2> Therefore, the HFD was integrated into
this study’s assessments to determine whether these easily
administered tests could serve as practical proxies for mus-

cle power across a wide range of individuals with varying
ages and physical activity levels.

Thus, this study aimed to identify an easily adminis-
tered, functional performance test to assess unilateral mus-
cle power.

METHODS

PARTICIPANTS

For this cross-sectional study, healthy participants were re-
cruited. A convenience sample of 52 healthy participants
meeting the following criteria was included: 1) aged 18-50
years, 2) considered themselves to be healthy, and 3) re-
ported no lower limb injuries. Participants were excluded
if they had been diagnosed with any injury or disease that
could affect their ability to perform the physical function
tests, such as acute lower limb injuries, severe knee or
hip osteoarthritis, neurological disorders, or other muscu-
loskeletal, cardiovascular or neurological conditions ham-
pering lower extremity function. Eligibility was assessed by
the physical therapists responsible for the testing proce-
dure. Written informed consent was obtained from all par-
ticipants before testing.

The study was registered with the Region of Central
Denmark’s internal list of research projects (Journal Num-
ber: 1-16-02-285-23). The reporting of the study conforms
to the Strengthening of the Reporting of Observational
Studies in Epidemiology (STROBE).26 All procedures in this
study were carried out in accordance with the Declaration
of Helsinki I1.27

PROTOCOL

Data collection: Data collection in this study included mea-
surement of leg extensor power as assessed by the Notting-
ham Power Rig, and functional performance was measured
by the unilateral tests; 5STS, 30STS, HFD (Figure 1), and
self-reported physical activity was assessed by the Short
Questionnaire to AssesS Health-enhancing physical activ-
ity (SQUASH). The assessment also included measurement
of body mass (kg), height (cm), age (years), sex (male/fe-
male), and dominant leg (right/left) determined by which
leg the participants would use to kick a ball. All participants
were tested by one of three physical therapists, according
to a pre-established test protocol.

Leg extensor power (LEP): The Nottingham Leg Extensor
Power Rig (Queen’s Medical Center, Nottingham University,
UK) was used to measure LEP unilaterally (Figure 1). The
method is proven feasible, reliable, and valid in healthy
subjects.28:29 Testing was performed with participants in a
seated position with torso upright and arms crossed. Par-
ticipants were then instructed to kick the pedal as hard and
fast as possible. A unilateral explosive repetition of com-
bined hip- and knee extension accelerated a flywheel inside
the Nottingham Power Rig. LEP, measured in watts was cal-
culated from the maximum speed of the flywheel. Partici-
pants completed two familiarization-trials on each leg be-
fore testing. Following this, they conducted a minimum of
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Figure 1. Al: Starting position for assessment in the Nottingham Power Rig. A2: Final position for assessment in
the Nottingham Power Rig. B1: Starting position for the sit-to-stand assessments. B2: Final position for the sit-
to-stand assessments. C: Starting position for the unilateral Hop For Distance assessment.

five trials on each leg with a 30-second pause in between,
starting with the dominant leg. If the fourth or fifth trial
did not exceed the previous highest LEP output, the test
was concluded. If not, further trials were performed until
a plateau in LEP output was reached, defined as two con-
secutive trials below peak LEP or when a total of ten trials
were completed.!13 LEP was normalized for each participant
by dividing watts with body mass (kg).

Unilateral Sit to Stand Performance: Two unilateral STS
test procedures were used: unilateral 5STS and unilateral
30STS. Both tests have high interrater reliability of >0.98.23
Both legs were tested in the two STS tests, starting with
the dominant leg. The unilateral 5 STS was tested first, fol-
lowed by the unilateral 30STS after a two-minute rest. A
chair with a seat height of 50 cm was used for both STS tests
(Figure 1). The unilateral 5STS assessed the time required
to perform five repetitions as fast as possible, whereas the
unilateral 30STS, measured the maximum number of repe-
titions completed in 30 seconds. One repetition was defined
as rising from sitting to standing with full hip- and knee
extension, followed by returning to a seated position, en-
suring the buttocks made contact with the seat of the chair.
Each complete cycle of sitting to standing and back to sit-
ting was counted as a repetition. Each leg was tested once
with a two-minute rest between legs. Participants were al-
lowed three trial repetitions to familiarize with the test.
Participants were allowed to position their test limb as
they felt optimal for performance, thus defining the starting
position of the test. The tests were performed with arms
across the chest and with the contralateral knee fully ex-

tended or flexed in an approximately 90-degree position.
Only complete repetitions were counted, defined as but-
tocks touching the chair, knee fully extending, and the con-
tralateral leg not touching the ground.23

Hop For Distance (HFD): To test participants’ ability to
unilaterally jump and maintain balance, the HFD test was
used. This test is recognized as a reliable method to asses
lower limb function, with an interrater reliability of 0.8.30
Testing was performed with participants standing on one
leg behind a line on the floor, with their hands behind their
backs (Figure 1). Participants were then instructed to per-
form a maximal effort forward hop, while maintaining bal-
ance on the leg for three seconds after landing, without
supporting with the contralateral leg. The distance in cm
(rounded up to the nearest half a cm) was recorded from the
starting line to the heel of the standing foot. Participants
were allowed one familiarization-trial on each leg followed
by three trials, alternating legs between each trial.25 If the
third trial was measured to be 10 cm longer than the previ-
ous trials, the participants were allowed another trial, until
not able to improve by 10 cm. The best trials for each leg
were recorded.

The Short Questionnaire to AssesS Health-enhancing phys-
ical activity (SQUASH)S: Self-reported habitual physical ac-
tivity during an average week, was measured by the
SQUASH, a short physical activity questionnaire with an in-
traclass coefficient of 0.73.31:32 The SQUASH measures the
duration and the intensity of activities in the following do-
mains: Commuting; leisure; household; and work or school.
Based on the reported effort, an intensity score was as-
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Table 1. Study participant characteristics (n= 52).

Are Unilateral Functional Tests Correlated with Nottin...

Variable Mean SD Min Max
Ageinyears 30.1 6.2 19 49
Body mass in kg 75.5 2.8 52.5 120
Heightincm 176.2 8.7 160.5 195.5
BMI in kg/m?2 24.2 2.9 20.1 34
Number
Sex, male/female 27/25
Dominant leg, right/left 49/3
Activity score (Cl)
SQUASH total activity score 8897.7
(7887.5; 9910.5)
SQUASH light intensity, minutes/week 2320.1
(2019.9;2620.3)
SQUASH moderate intensity, minutes/week 694.1
(519.7;868.4)
SQUASH vigorous intensity, minutes/week 99.7
(55.9; 143.5)
signed to each activity domain. Reported sports activities RESULTS

were assigned a metabolic equivalent (MET) value. Activ-
ities were divided into three intensity categories: light (2
to < 4 MET); moderate (4 to < 6.5 MET); and vigorous (>
6.5 MET). Activity scores were calculated by multiplying the
time per week spent in each intensity category with its in-
tensity score. Estimation of total physical activity was cal-
culated by the sum of all activity scores for the three cate-
gories. Activities with a MET score below 2 were excluded
as they were considered low-intensity activities.31:32

STATISTICAL ANALYSIS

Continuous data were assessed for normality using his-
tograms and qq-plots. Variance homogeneity was assessed
using the F-test. Paired t-tests were used to compare be-
tween-leg differences in the Nottingham Leg Extensor
Power Rig test and unilateral functional performance tests,
presented as mean differences with a 95% confidence in-
terval (95% CI). Pearson’s correlation coefficients (denoted
r) were presented with 95% CI to quantify the strength
of the relationship (e.g., values ranging from -1 to 1) be-
tween muscle power and unilateral functional performance
tests, self-reported physical function. Correlations were in-
terpreted according to the following criteria:0.0-0.3 negli-
gible; 0.3-0.5 low, 0.5-0.7 moderate; 0.7-0.9 high; 0.9-1.0
very high correlation.33 The statistical assumptions for the
Pearson correlation (i.e., linearity, bivariate normality, ho-
moscedasticity, and independence) were assessed before
analysis. Probability levels less than five (p<0.05) were ac-
cepted as significant.34 The sample size was determined to
be at least 50 according to the rules of thumb suggested
by Wilson Van Voorhis and Morgan.35 STATA (StataCorp LP,
College Station, Texas) version 18 was used for data analy-
sis. RStudio (Integrated Development for R. RStudio, PBC,
Boston, MA) was used for producing plot figures.

Patient characteristics are presented in Table 1, showing
that there were an equal number of male and female partic-
ipants, with a mean age of 30.1 years, and a mean BMI of
24.2 (Table 1).

A difference in number of repetitions completed by the
dominant and non-dominant leg was found for unilateral
30STS (Table 2). There were no between-limb differences
for any other outcome. Correlations between LEP and func-
tional tests as well as SQUASH are presented in Table 3.

Correlations with LEP for the dominant leg: Correlations
were negligible between LEP and the functional tests (Fig-
ures 2A, 2C, 2E), as well as self-reported physical activity
on the dominant leg (Figure 2G).

Correlations with LEP for the non-dominant leg: There
were low correlations between LEP and Unilateral 30STS
(r=0.43, p=<0.01) as well as HFD (r=0.44, p=<0.01), and a
low inverse correlation with LEP and Unilateral 5STS (-0.42,
p=<0.01) (Figures 2B, 2D, 2F). A negligible correlation was
observed between LEP and self-reported physical activity
on the non-dominant leg (Figure 2H).

DISCUSSION

This study sought to identify a functional performance test
that could easily be administered to assess lower limb mus-
cle power. Correlations were evaluated between LEP derived
from the Nottingham Power Rig and the functional tests:
unilateral 5STS, unilateral 30STS, and HFD, as well as with
SQUASH scores. All correlations produced in this study
were negligible or low. Similarly, the SQUASH question-
naire showed negligible correlation with LEP, indicating
no concurrent validity between the SQUASH total activity
score or intensity categories (i.e., light, medium or vigor-
ous) and LEP.
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Table 2. Leg extensor power and functional tests (n=52).

Dominant leg Non-dominant leg Difference
Mean (95% Cl) Mean (95% Cl) Mean (95% Cl)

Nottingham Power Rig, watt/kg 3.20 3.25 -0.05
(3.02;3.38) (3.04; 3.46) (-0.17;0.08)

Unilateral 55TS, seconds 9.1 9.0 0.04
(8.3;9.8) (8.3;9.8) (-0.32;0.40)

Unilateral 30STS, repetitions 18.0 174 0.62
(16.6;19.5) (16.07; 18.78) (0.17;1.06)

Hop for Distance, centimeters 121.2 120.4 0.78
(111.4;131.0) (111.1;129.8) (-2.93;4.49)

5STS: Five repetition sit-to-stand test; 30STS: 30 seconds sit-to-stand test.

Table 3. Correlations between Leg Extensor Power and functional tests, self-reported activity (n=52).

Dominant leg

Non-dominant leg

r p-value r p-value

Unilateral 5-rep sit to stand -0.20 0.17 -0.42 <0.01*
(-0.45;0.08) (-0.62;-0.16)

Unilateral 30-sec sit to stand 0.18 0.20 0.44 <0.01*
(-0.10; 043) (0.19;0.63)

Single leg hop for distance 0.19 0.17 0.44 <0.01*
(-0.09;0.44) (0.19;0.63)

SQUASH, total score 0.08 0.56 0.12 0.41
(-0.20; 0.35) (-0.16;0.38)

SQUASH, light 0.07 0.64 0.00 0.98
(-0.21;0.34) (-0.27;0.28)

SQUASH, moderate 0.13 0.37 0.15 0.30
(-0.15;0.39) (-0.13;0.41)

SQUASH, Vigorous -0.18 0.20 -0.06 0.69
(-0.44;0.10) (-0.33;0.33)

* Statistically significant difference (p <0.05).

In comparison to the results of Alcazar et al.,!8 who as-
sessed the validity of the conventional bilateral 30STS in
community-dwelling older adults and found a high correla-
tion between the test and LEP of 0.75, similar high corre-
lations were not seen in this current study, when perform-
ing the 30STS as a unilateral functional test. Several factors
may contribute to why high correlations were not found.

In this study, a chair of 50 cm seat height was used,
equivalent to 6 cm higher than the chair used in the Alcazar
et al. study.18 The taller chair height was chosen to ensure
all participants were able to complete at least 5 sit-to-
stand repetitions unilaterally. However, that did result in
the range of motion during the sit-to-stand assessments
performed in this study being less than that of Alcazar et
al.,!8 which may also alter power outputs, as chair height
influences the knee joint load during the unilateral STS
movement.3® In addition, the starting angles of the ankle,
knee, and hip may have differed from the more standard-
ized starting position of the Nottingham Power Rig.

Also, as suggested by Alcazar et al.,1? a leg extension ex-
ercise may reflect a more isolated work of the leg muscles
(i.e., eliminating inertia produced by the trunk), which
would also be true for the Nottingham Power Rig. However,
during sit-to-stand movements, postural control plays an

important role in the performance of the exercise.l? Thus,
it is intuitive that muscle power output would be negatively
affected during a unilateral STS movement.>

To further comment on this, the ability to utilize trunk
inertia to initiate the rising movement represents a vital
difference between the testing modalities (Nottingham
Power Rig vs. sit-to-stand assessments). Therefore, the re-
sults of this study may also indicate that the unilateral
physical functional tests may be composite tests, measur-
ing several underlying constructs or physical capabilities
in addition to muscle power, such as dynamic balance and
muscle strength. Further research is warranted to modify
the functional tests or to explore alternative functional
tests for assessing unilateral lower limb muscle power with
minimal equipment.

Study limitation: Some limitations to the study need to be
addressed. First, the inclusion of only healthy participants
limits the external validity to healthy and athletic popula-
tions. Consequently, the clinical applicability of the tests
into patient and disease population is therefore limited.
Participants may also have benefitted from a learning effect
when performing the tests on both legs. However, since the
sit-to-stand tests were only performed once per leg, and re-
quire demanding postural control, which reduces side-to-
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side transferability of familiarization, the effect of this ap-
pears negligible. Second, the sample size chosen for this
study aimed for ~50 participants; however, a larger sam-
ple size may have revealed higher or lower correlations be-
tween LEP and the functional tests, self-reported physical
activity, and could have led to more precise estimates. Fur-

ther, the possibility of inter-rater reliability of the sit-to-
stand tests being affected by increasing chair height were
not accounted for. However, given that the original tests
have high inter-rater reliability, such a minimal change to
the test would not seem to be of significance. Finally, the
standardized chair height used in the tests may pose a limi-
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tation for the sit-to-stand tests in general, as it does not ac-
commodate variations in participant’s lower limb lengths.
This could produce different advantages or disadvantages
for participants depending on their height and limb
lengths. Addressing this issue could be a valuable direction
for future research.

CONCLUSION

The findings presented in this study indicate that the se-
lected functional tests, the 5STS, 30STS, and HFD, do not
function as optimal proxy measurements for muscle power
in the lower limb. Other alternatives need to be investi-

International Journal of Sports Physical Therapy


https://ijspt.scholasticahq.com/article/129458-assessment-of-unilateral-lower-limb-muscle-power-are-unilateral-functional-tests-correlated-with-nottingham-power-rig-in-healthy-adults/attachment/266041.jpg
https://ijspt.scholasticahq.com/article/129458-assessment-of-unilateral-lower-limb-muscle-power-are-unilateral-functional-tests-correlated-with-nottingham-power-rig-in-healthy-adults/attachment/266042.jpg

Assessment of Unilateral Lower Limb Muscle Power: Are Unilateral Functional Tests Correlated with Nottin...

LEP

Non-dominant LEP

Unilateral 55T5 i -0.83 -0.61

Unilateral 305TS

Non—-dominant 55TS

MNon-dominant 305TS

Non-dominant HFD

Jﬁé o
w@& «° M ) il

‘,&9

M

08

06

- 04

- 0.2

--0.2

04

-08

-1

Figure 3. Correlation matrix displaying Pearson’s correlations between physical function tests for the dominant

and non-dominant leg: LEP, Unilateral 5STS, Unilateral 30STS, and HFD.

Blue represents positive correlations, red represents negative correlations, and darker colors indicate stronger correlations, while lighter colors indicate weaker correlations.

gated to identify an easily administered functional test to CONFLICTS OF INTEREST
assess unilateral lower limb muscle power.

The authors report no conflicts of interest.

Submitted: May 23, 2024 CST. Accepted: January 18, 2025

FUNDING CST. Published: March 01, 2025 CST.

. . . © The Author(s)
This study has not received funding.

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-NC-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc/4.0 and legal code at https://cre-

ativecommons.org/licenses/by-nc/4.0/legalcode for more information.

International Journal of Sports Physical Therapy


https://ijspt.scholasticahq.com/article/129458-assessment-of-unilateral-lower-limb-muscle-power-are-unilateral-functional-tests-correlated-with-nottingham-power-rig-in-healthy-adults/attachment/265013.png
https://ijspt.scholasticahq.com/article/129458-assessment-of-unilateral-lower-limb-muscle-power-are-unilateral-functional-tests-correlated-with-nottingham-power-rig-in-healthy-adults/attachment/265013.png

Assessment of Unilateral Lower Limb Muscle Power: Are Unilateral Functional Tests Correlated with Nottin...

REFERENCES

1. Caserotti P, Aagaard P, Larsen ]B, Puggaard L.
Explosive heavy-resistance training in old and very
old adults: changes in rapid muscle force, strength
and power. Scand J Med Sci Sports.
2008;18(6):773-782. doi:10.1111/
j.1600-0838.2007.00732.x

2. Jorgensen SL, Bojsen-Magller ], Skalgard T, Olsen
HB, Aagaard P. Dual vs single force plate analysis of
human drop jumping. Transl Sports Med.
2021;4(5):637-645. d0i:10.1002/tsm2.255

3. Cormie P, McGuigan MR, Newton RU. Developing
maximal neuromuscular power. Sports Med.
2011;41(2):125-146. doi:10.2165/
11538500-000000000-00000

4. Cormie P, McGuigan MR, Newton RU. Influence of
strength on magnitude and mechanisms of
adaptation to power training. Med Sci Sports Exerc.
2010;42(8):1566-1581. doi:10.1249/
MSS.0b013e3181cf818d

5. Cormie P, McGuigan MR, Newton RU. Changes in
the eccentric phase contribute to improved stretch-
shorten cycle performance after training. Med Sci
Sports Exerc. 2010;42(9):1731-1744. doi:10.1249/
MSS.0b013e3181d392e8

6. Holm PM, Kemnitz J, Bandholm T, Wernbom M,
Schrgder HM, Skou ST. Muscle function tests as
supportive outcome measures for performance-based
and self-reported physical function in patients with
knee osteoarthritis: Exploratory analysis of baseline
data from a randomized trial. J Strength Cond Res.
2022;36(9):2635-2642. doi:10.1519/
]SC.0000000000003840

7. Reid KF, Price LL, Harvey WF, Driban JB, Hau C,
Fielding RA, et al. Muscle power is an independent
determinant of pain and quality of life in knee
osteoarthritis. Arthritis Rheumatol.
2015;67(12):3166-3173. doi:10.1002/art.39336

8. Elam C, Aagaard P, Slinde F, Svantesson U,
Hulthén L, Magnusson PS, et al. The effects of ageing
on functional capacity and stretch-shortening cycle
muscle power. ] Phys Ther Sci. 2021;33(3):250-260.
doi:10.1589/jpts.33.250

9. Alcazar ], Aagaard P, Haddock B, Kamper RS,
Hansen SK, Prescott E, et al. Assessment of
functional sit-to-stand muscle power: Cross-
sectional trajectories across the lifespan. Exp
Gerontol. 2021;152:111448. doi:10.1016/
j.exger.2021.111448

10. Bean JF, Kiely DK, Herman S, Leveille SG, Mizer
K, Frontera WR, et al. The relationship between leg
power and physical performance in mobility-limited
older people. ] Am Geriatr Soc. 2002;50(3):461-467.
doi:10.1046/j.1532-5415.2002.50111.x

11. Bean JF, Leveille SG, Kiely DK, Bandinelli S,
Guralnik JM, Ferrucci L. A comparison of leg power
and leg strength within the InCHIANTI study: which
influences mobility more? J Gerontol A Biol Sci Med
Sci. 2003;58(8):728-733. doi:10.1093/gerona/
58.8.M728

12. Jakobsen MD, Sundstrup E, Randers MB, Kjer M,
Andersen LL, Krustrup P, et al. The effect of strength
training, recreational soccer and running exercise on
stretch-shortening cycle muscle performance during
countermovement jumping. Hum Mov Sci.
2012;31(4):970-986. doi:10.1016/
j.humov.2011.10.001

13. Foldager F, Jgrgensen PB, Tgnning LU, Petersen
ET, Jakobsen SS, Vainorius D, et al. The relationship
between muscle power, functional performance,
accelerometer-based measurement of physical
activity and patient-reported outcomes in patients
with hip osteoarthritis: A cross-sectional study.
Musculoskelet Sci Pract. 2022;62:102678. doi:10.1016/

j.msksp.2022.102678

14. Caserotti P, Aagaard P, Simonsen EB, Puggaard L.
Contraction-specific differences in maximal muscle
power during stretch-shortening cycle movements in
elderly males and females. Eur ] Appl Physiol.
2001;84(3):206-212. doi:10.1007/s004210170006

15. Holsgaard Larsen A, Caserotti P, Puggaard L,
Aagaard P. Reproducibility and relationship of single-
joint strength vs multi-joint strength and power in
aging individuals. Scand ] Med Sci Sports.
2007;17(1):43-53. doi:10.1111/
j.1600-0838.2006.00560.x

16. Toft Nielsen E, Jorgensen PB, Mechlenburg I,
Serensen H. Validation of an inertial measurement
unit to determine countermovement jump height.
Asia Pac ] Sports Med Arthrosc Rehabil Technol.
2019;16:8-13. doi:10.1016/j.asmart.2018.09.002

17. Mahar MT, Welk GJ, Janz KF, Laurson K, Zhu W,
Baptista F. Estimation of lower body muscle power
from vertical jump in youth. Meas Phys Educ Exerc Sci.
2022;26(4):324-334. doi:10.1080/
1091367X.2022.2041420

International Journal of Sports Physical Therapy


https://doi.org/10.1111/j.1600-0838.2007.00732.x
https://doi.org/10.1111/j.1600-0838.2007.00732.x
https://doi.org/10.1002/tsm2.255
https://doi.org/10.2165/11538500-000000000-00000
https://doi.org/10.2165/11538500-000000000-00000
https://doi.org/10.1249/MSS.0b013e3181cf818d
https://doi.org/10.1249/MSS.0b013e3181cf818d
https://doi.org/10.1249/MSS.0b013e3181d392e8
https://doi.org/10.1249/MSS.0b013e3181d392e8
https://doi.org/10.1519/JSC.0000000000003840
https://doi.org/10.1519/JSC.0000000000003840
https://doi.org/10.1002/art.39336
https://doi.org/10.1589/jpts.33.250
https://doi.org/10.1016/j.exger.2021.111448
https://doi.org/10.1016/j.exger.2021.111448
https://doi.org/10.1046/j.1532-5415.2002.50111.x
https://doi.org/10.1093/gerona/58.8.M728
https://doi.org/10.1093/gerona/58.8.M728
https://doi.org/10.1016/j.humov.2011.10.001
https://doi.org/10.1016/j.humov.2011.10.001
https://doi.org/10.1016/j.msksp.2022.102678
https://doi.org/10.1016/j.msksp.2022.102678
https://doi.org/10.1007/s004210170006
https://doi.org/10.1111/j.1600-0838.2006.00560.x
https://doi.org/10.1111/j.1600-0838.2006.00560.x
https://doi.org/10.1016/j.asmart.2018.09.002
https://doi.org/10.1080/1091367X.2022.2041420
https://doi.org/10.1080/1091367X.2022.2041420

Assessment of Unilateral Lower Limb Muscle Power: Are Unilateral Functional Tests Correlated with Nottin...

18. Alcazar J, Kamper RS, Aagaard P, Haddock B,
Prescott E, Ara I, et al. Relation between leg
extension power and 30-s sit-to-stand muscle power
in older adults: validation and translation to
functional performance. Sci Rep. 2020;10(1):16337.
doi:10.1038/s41598-020-73395-4

19. Alcazar J, Losa-Reyna J, Rodriguez-Lopez C,
Alfaro-Acha A, Rodriguez-Manas L, Ara I, et al. The
sit-to-stand muscle power test: An easy, inexpensive
and portable procedure to assess muscle power in
older people. Exp Gerontol. 2018;112:38-43.
doi:10.1016/j.exger.2018.08.006

20. Mortensen L, Mechlenburg I, Langgard Jorgensen
S. Low-load blood-flow-restricted exercise to prevent
muscle atrophy and decline in functional
performance in a patient recovering from a malleolus
fracture. A case report. Clin J Sport Med.
2023;33(1):97-100. doi:10.1097/
JSM.0000000000001072

21. Jergensen SL, Mechlenburg I. Effects of low-load
blood-flow restricted resistance training on
functional capacity and patient-reported outcome in
a young male suffering from reactive arthritis. Front
Sports Act Living. 2021;3:798902. doi:10.3389/
fspor.2021.798902

22. Thongchoomsin S, Bovonsunthonchai S, Joseph L,
Chamnongkich S. Clinimetric properties of the one-
leg sit-to-stand test in examining unilateral lower
limb muscle strength among young adults. Int J Clin
Pract. 2020;74(9):e13556. doi:10.1111/ijcp.13556

23. Waldhelm A, Gubler C, Sullivan K, Witte C,
Buchheister D, Bartz-Broussard J. Inter-rater and
test-retest reliability of two new single leg sit-to-
stand tests. Int ] Sports Phys Ther.
2020;15(3):388-394. doi:10.26603/ijspt20200388

24. Woon EL, Low ], Sng YL, Hor AB, Pua YH.
Feasibility, correlates, and validity of the one-leg sit-
to-stand test in individuals following anterior
cruciate ligament reconstruction. Phys Ther Sport.
2021;52:280-286. doi:10.1016/j.ptsp.2021.10.007

25. Roughead EA, King MG, Crossley KM, Heerey ],
Lawrenson PR, Scholes M]J, et al. Football players
with long standing hip and groin pain display deficits
in functional task performance. Phys Ther Sport.
2022;55:46-54. doi:10.1016/j.ptsp.2022.02.023

26. Vandenbroucke JP, von Elm E, Altman DG,
Gatzsche PC, Mulrow CD, Pocock SJ, et al.

Strengthening the Reporting of Observational Studies

in Epidemiology (STROBE): explanation and
elaboration. Epidemiology. 2007;18(6):805-835.
doi:10.1097/EDE.0b013e3181577511

27. World Medical Association Declaration of
Helsinki: ethical principles for medical research
involving human subjects. JAMA.
2013;310(20):2191-2194. doi:10.1001/

jama.2013.281053

28. Alcazar ], Aagaard P, Haddock B, Kamper RS,
Hansen SK, Prescott E, et al. Age- and sex-specific
changes in lower-limb muscle power throughout the
lifespan. J Gerontol A Biol Sci Med Sci.
2020;75(7):1369-1378. doi:10.1093/gerona/glaa013

29. Pearson SJ, Cobbold M, Orrell RW, Harridge SD.
Power output and muscle myosin heavy chain
composition in young and elderly men. Med Sci Sports
Exerc. 2006;38(9):1601-1607. doi:10.1249/
01.mss.0000227638.75983.9d

30. Munro AG, Herrington LC. Between-session
reliability of four hop tests and the agility T-test.
2011;25(5). doi:10.1519/]SC.0b013e3181d83335

31. Serensen L, Mikkelsen LR, Jacobsen JS, Tjur M,
Mechlenburg I. Reliability of the Danish version of
the short questionnaire to assess health-enhancing
physical activity (SQUASH). Physiother Theory Pract.
2018;34(8):637-642. doi:10.1080/
09593985.2017.1423143

32. Wendel-Vos GC, Schuit AJ, Saris WH, Kromhout
D. Reproducibility and relative validity of the short
questionnaire to assess health-enhancing physical
activity. J Clin Epidemiol. 2003;56(12):1163-1169.
doi:10.1016/S0895-4356(03)00220-8

33. Mukaka MM. Statistics corner: A guide to
appropriate use of correlation coefficient in medical
research. Malawi Med J. 2012;24(3):69-71.

34. Bassey EJ, Short AH. A new method for measuring
power output in a single leg extension: feasibility,
reliability and validity. Eur | Appl Physiol Occup
Physiol. 1990;60(5):385-390. doi:10.1007/BF00713504

35. Wilson Van Voorhis CR, Morgan BL.
Understanding power and rules of thumb for
determining sample sizes. Tutorials Quant Methods
Psych. 2007;3(2):43-50. doi:10.20982/tqmp.03.2.p043

36. Steingrebe H, Stein T, Bos K, Hoffmann M.
Biomechanical analysis of the knee joint load during
a unilateral sit-to-stand movement. Open Sports Sci J.
2018;11(1):78-87. doi:10.2174/1875399X01811010078

International Journal of Sports Physical Therapy


https://doi.org/10.1038/s41598-020-73395-4
https://doi.org/10.1016/j.exger.2018.08.006
https://doi.org/10.1097/JSM.0000000000001072
https://doi.org/10.1097/JSM.0000000000001072
https://doi.org/10.3389/fspor.2021.798902
https://doi.org/10.3389/fspor.2021.798902
https://doi.org/10.1111/ijcp.13556
https://doi.org/10.26603/ijspt20200388
https://doi.org/10.1016/j.ptsp.2021.10.007
https://doi.org/10.1016/j.ptsp.2022.02.023
https://doi.org/10.1097/EDE.0b013e3181577511
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1093/gerona/glaa013
https://doi.org/10.1249/01.mss.0000227638.75983.9d
https://doi.org/10.1249/01.mss.0000227638.75983.9d
https://doi.org/10.1519/JSC.0b013e3181d83335
https://doi.org/10.1080/09593985.2017.1423143
https://doi.org/10.1080/09593985.2017.1423143
https://doi.org/10.1016/S0895-4356(03)00220-8
https://doi.org/10.1007/BF00713504
https://doi.org/10.20982/tqmp.03.2.p043
https://doi.org/10.2174/1875399X01811010078

	Assessment of Unilateral Lower Limb Muscle Power: Are Unilateral Functional Tests Correlated with Nottingham Power Rig in Healthy Adults?
	Background
	Methods
	Results
	Conclusion
	Level of evidence
	INTRODUCTION
	METHODS
	Participants
	Protocol
	Statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	Funding
	Conflicts of interest

	References


