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ABSTRACT
BACKGROUND: There are several randomized controlled trials (RCTs) in the literature on musculoskeletal
rehabilitation that compare different types of exercise; however, the comparison is not relevant because
the groups generally perform different physical efforts, and the researchers are not aware of this, nor do
they control for the confounding variables.
OBJECTIVE:To discuss the methods of comparison of different types of exercises in musculoskeletal rehabilitation.
DESIGN AND SETTING: Short communication developed at the Universidade Federal de Sdo Carlos (UFSCar),
Séo Carlos (SP), Brazil.
METHODS: A narrative review of the motion cadence, time-under-tension, actual duration of an exercise
session, and total physical effort was conducted.
RESULTS: To compare the different types of exercise, it is crucial that the parameters of the proposed exer-
cises are the same between the groups, i.e,, the exercise intensity, total physical effort, and actual duration
of the exercise session.
CONCLUSION: It is correct to compare different types of exercise, however, in the field of musculoskeletal
rehabilitation, RCTs adequately controlled for these variables are lacking.

INTRODUCTION

Exercise repetitions are a widely used parameter in randomized controlled trials (RCTs) of mus-
culoskeletal rehabilitation. However, research results can be manipulated because the number
of repetitions does not account for the motion cadence,! time-under-tension,? actual duration of
the exercise session,* and total physical effort,* which are the variables with the most significant

impact on the outcomes.®

Motion cadence: a repetition divided into four phases

When muscles contract to overcome resistance during physical exercise, the complete movement

of the muscles and joints involves the following four phases (Figure 1): (1) starting position; (2)

movement to the final position; (3) final position; and (4) movement back to the starting position.?
Notably, in each of these four phases, a physical effort (energy expenditure) is needed'* either

to maintain a position against the resistance of the exercise (Phases 1 and 3; e.g., an isometric

contraction) or to move through a range of motion (Phases 2 and 4; e.g., an isotonic contraction).

The sum of these four phases characterizes the time-under-tension.”

Time-under-tension: the sum of the four phases

Time-under-tension refers to the total duration for which a muscle or group of muscles with-
stands mechanical stress during exercise. The duration of a movement (cadence) impacts time-
under-tension and muscle activity, which ultimately affects the outcome being researched.?’ It is
possible to maintain the same number of repetitions while manipulating the time-under-ten-
sion.® This may be observed in the two examples described below.

Example 1: A patient performing 10 repetitions with 60 seconds of time-under-tension takes
an average of 6 seconds for each movement (6 x 10 = 60) and 1.5 seconds for each of the four
phases of the movement (1.5 x 4 = 6). Example 2: A patient performing 10 repetitions with 90
seconds of time-under-tension takes an average of 9 seconds for each movement (9 x 10 = 90)
and 2.25 seconds for each of the four phases of the movement (2.25 x 4 = 9) (Table 1). Thus,
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time-under-tension is the variable that may determine the actual

duration of an exercise session.

Actual duration of an exercise session
The time-under-tension may increase or decrease without alter-
ing the number of repetitions. This implies that patients in the

experimental group (e.g., those undergoing resistance exercise)

Table 1. Representative example of someone manipulating time-
under-tension while maintaining the same number of repetitions

) Total time
Time-under- . Movement cycle
) Repetitions Cadence movement
tension (Phases 1-4;
(number) ' (seconds) cycle
(seconds) Figure 1)
(seconds)
10 10 4 0.25 1
20 10 4 0.50 2
30 10 4 0.75 3
40 10 4 1 4
50 10 4 1.25 5
60 10 4 1.50 6
70 10 4 1.75 7
80 10 4 2 8
90 10 4 2.25 9
100 10 4 2.50 10
120 10 4 3 12
140 10 4 3.50 14
160 10 4 4 16
180 10 4 450 18
200 10 4 5 20
STARTING POSITION

ROUTE TO THE

*Time-under-tension (seconds): time of physical effort expended in the repetition.
1-4 (movement cycle): 1=starting position, 2=route to the final position, 3=final
position, 4=route to the starting position.

1-4: MOVEMENT CYCLE

*TIME-UNDER-TENSION

-
ROUTE TO THE

FINAL POSITION

FINAL POSITION

Figure 1. Movement cycle showing the four phases of a movement
and time-under-tension.

may exert less (or more) physical effort than those in the con-
trol group (e.g., those undergoing aerobic exercises). The level of
effort required is dependent on the therapist’s intention during
the intervention.’

To show the total/actual duration of an exercise session, it
is necessary to sum and describe (in minutes or seconds) the
time-under-tension of all exercise sets and subtract the time used
for rest intervals.’ Furthermore, the actual duration of the exer-
cise session may not be sufficient for a fair comparison, as it is
necessary to evaluate the total physical effort to ensure that the
intensity and volume of the exercises are equivalent between

the groups.'o!

Total physical effort

When comparing different exercise programs, such as resistance
exercises versus aerobic exercises or Pilates versus strength train-
ing, it is important to ensure that the programs being tested are
at the same intensity level, e.g., moderate versus moderate, and
provide the same total physical effort for the actual duration of
the exercise session.

Different exercises performed at the same intensity may have
different total physical effort.* Since it is known that the amount
of physical effort, rather than the type of exercise, is the compo-
nent that affects clinical outcomes, it is important to check units of
total physical effort to ensure that there are no differences between

the groups.*

CONCLUSION

To compare different types of exercise, it is crucial that the
parameters of the proposed exercises are the same between
the groups, i.e., exercise intensity, total physical effort, and actual
duration of the exercise session. As such, it is correct to compare
different types of exercise, however, in the field of musculoskele-
tal rehabilitation, RCTs adequately controlled for these variables
are lacking.

REFERENCES

1. Marais G, Pelayo P. Cadence and exercise: physiological and
biomechanical determinants of optimal cadences--practical
applications. Sport Biomech. 2003;2(1):103-32. PMID: 14658249; https://
doi.org/10.1080/14763140308522811.

2. MangZA, Ducharme JB, Mermier C, et al. Aerobic adaptations to resistance
training: the role of time under tension. Int J Sports Med. 2022;43(10):829-
39. PMID: 35088396; https://doi.org/10.1055/a-1664-8701.

3. Skelly LE, Maclnnis MJ, Bostad W, et al. Human skeletal muscle
mitochondrial responses to single-leg intermittent or continuous
cycle exercise training matched for absolute intensity and total work.
Scand J Med Sci Sports. 2023;33(6):872-81. PMID: 36779702; https://
doi.org/10.1111/sms.14332.


https://doi.org/10.1080/14763140308522811
https://doi.org/10.1080/14763140308522811
https://doi.org/10.1055/a-1664-8701
https://doi.org/10.1111/sms.14332
https://doi.org/10.1111/sms.14332

Musculoskeletal rehabilitation in controlled trials: Is it correct to compare different types of exercise? | SHORT COMMUNICATION

Pontes-Silva A, Lopes AL, Teixeira BC, Carteri RB, Ribeiro GDS.
Different exercises generate similar musculoskeletal adaptations—
the difference is in the total work. Orthop J Sport Med.
2023;11(10):23259671231201123. PMID: 37920368; https://doi.
org/10.1177/23259671231201123.

Mitchell CJ, Churchward-Venne TA, West DWD, et al. Resistance exercise
load does not determine training-mediated hypertrophic gains in
young men.J Appl Physiol. 2012;113(1):71-7. PMID: 22518835; https://
doi.org/10.1152/japplphysiol.00307.2012.

Lin HF, Chou CC, Chao HH, Wang SC, Chen CH. Acute circulatory and
femoral hemodynamic responses induced by standing core exercise
at different rotational cadence: a crossover study. BMC Sport Sci Med
Rehabil. 2022;14(1):194. PMID: 36397168; https://doi.org/10.1186/
$13102-022-00589-w.

Borde R, Hortobagyi T, Granacher U. Dose-response relationships of
resistance training in healthy old adults: a systematic review and meta-
analysis. Sports Med. 2015;45(12):1693-720. PMID: 26420238; https://
doi.org/10.1007/540279-015-0385-9.

Raymond LM, Renshaw D, Duncan MJ. Acute hormonal response to
kettlebell swing exercise differs depending on load, even when total
work is normalized. J strength Cond Res. 2021;35(4):997-1005. PMID:
30273291; https://doi.org/10.1519/jsc.0000000000002862.

Seiler S, Jgranson K, Olesen BV, Hetlelid KJ. Adaptations to aerobic
interval training: interactive effects of exercise intensity and total work
duration. Scand J Med Sci Sports. 2013;23(1):74-83. PMID: 21812820;
https://doi.org/10.1111/j.1600-0838.2011.01351.X.

. Zhang H, Tong TK, Kong Z, et al. Exercise training-induced visceral

fat loss in obese women: the role of training intensity and modality.
Scand J Med Sci Sports. 2021;31(1):30-43. PMID: 32789898; https://doi.
org/10.1111/sms.13803.

. Pontes-Silva A. Neuromuscular Control and Resistance Training for

Chronic Low Back Pain: Discussing A Randomized Controlled Trial. J
Orthop Sports Phys Ther. 2025;55(4):305. PMID: 40165546; https://doi.
0rg/10.2519/jospt.2025.0203.

Authors’ contributions: Pontes-Silva A: conceptualization, formal

analysis, investigation, methodology, validation, visualization, writing

— original draft, writing — review and editing. The author reviewed and

approved the final version submitted for publication

Acknowledgments: | would like to thank the Coordenacdo de

Aperfeicoamento de Pessoal de Nivel Superior (CAPES), the Conselho

Nacional de Desenvolvimento Cientifico e Tecnolégico (CNPg), the

Fundagao de Amparo a Pesquisa do Estado de Séo Paulo (FAPESP), and
the Universidade Federal de Sao Carlos (UFSCar)

Sources of funding: André Pontes-Silva was funded by the Fundacéo
de Amparo a Pesquisa do Estado de S&o Paulo (FAPESP, grant number:
2022/08646-6). This study was partially supported by the Coordenagao
de Aperfeicoamento de Pessoal de Nivel Superior (CAPES, code 001).

Conflicts of interest: None

Date of first submission: September 28, 2024
Accepted: January 29, 2025

Address for correspondence:

André Pontes Silva

Programa de Pds-graduagéo em Fisioterapia, Departamento de
Fisioterapia, Universidade Federal de Sdo Carlos (UFSCAR)
Rodovia Washington Luis, km 235 — Sdo Carlos (SP), Brasil.

CEP 13565-905

Tel.: +55 98 991188848

E-mail: contato.andrepsilva@gmail.com
Editor responsible for the evaluation process:

Marianne Yumi Nakai, MD, PhD (AE)
Paulo Manuel Pégo-Fernandes, MD, PhD (EIC)

© 2025 by Associagao Paulista de Medicina

This is an open access article distributed under the terms of the Creative Commons license.

Sao Paulo Med J. 2025; 143(3):e2024374 3


https://doi.org/10.1177/23259671231201123
https://doi.org/10.1177/23259671231201123
https://doi.org/10.1152/japplphysiol.00307.2012
https://doi.org/10.1152/japplphysiol.00307.2012
https://doi.org/10.1186/s13102-022-00589-w
https://doi.org/10.1186/s13102-022-00589-w
https://doi.org/10.1007/s40279-015-0385-9
https://doi.org/10.1007/s40279-015-0385-9
https://doi.org/10.1519/jsc.0000000000002862
https://doi.org/10.1111/j.1600-0838.2011.01351.x
https://doi.org/10.1111/sms.13803
https://doi.org/10.1111/sms.13803
https://doi.org/10.2519/jospt.2025.0203
https://doi.org/10.2519/jospt.2025.0203
mailto:contato.andrepsilva@gmail.com

