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Abstract
Since the 1970s, researchers have studied a potential difference in muscle fa-
tigue (acute strength loss) between maximal eccentric (ECCmax) and concentric 
(CONmax) resistance exercise. However, a clear answer to whether such a dif-
ference exists has not been established. Therefore, the aim of our paper was to 
overview methods and results of studies that compared acute changes in mus-
cle strength after bouts of ECCmax and CONmax resistance exercise. We identified 
30 relevant studies. Participants were typically healthy men aged 20– 40 years. 
Exercise usually consisted of 40– 100 isokinetic ECCmax and CONmax repetitions 
of the knee extensors or elbow flexors. Both ECCmax and CONmax exercise caused 
significant strength loss, which plateaued and rarely exceeded 60% of baseline, 
suggesting strength preservation. In upper- body muscles, strength loss at the end 
of ECCmax (31.4 ± 20.4%) and CONmax (33.6 ± 17.5%) exercise was similar, whereas 
in lower- body muscles, strength loss was less after ECCmax (13.3 ± 12.2%) than 
CONmax (39.7 ± 13.3%) exercise. Muscle architecture and daily use of lower- body 
muscles likely protects lower- body muscles from strength loss during ECCmax ex-
ercise. We also reviewed seven studies on muscle fatigue during coupled ECCmax- 
CONmax exercise and found similar strength loss in the ECC and CON phases. 
We also found evidence from three studies that more ECC than CON repetitions 
can be completed at equal relative loads. These results indicate that muscle fa-
tigue may manifest differently between ECCmax and CONmax resistance exercise. 
An implication of the results is that prescriptions of ECC resistance exercise for 
lower- body muscles should account for greater fatigue resilience of these muscles 
compared to upper- body muscles.
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1  |  INTRODUCTION

A resistance exercise repetition typically consists of both 
a volitional muscle shortening (i.e., concentric: CON) 
and lengthening (i.e., eccentric: ECC) phase or action. 
However, an exercise repetition can also consist of only 
one of these action types. Historically, the ability to com-
plete sets of repeated ECC or CON exercise was limited to 
isokinetic dynamometers, which, although regularly used 
by researchers,1 have not been widely adopted by strength 
and conditioning coaches,2,3 and are rarely found in fit-
ness centers. New exercise technologies4– 7 have potential 
to make completion of submaximal and maximal ECC or 
CON resistance exercise more feasible outside of the lab-
oratory. Thus, increased participation in these modes of 
resistance exercise, particularly ECC, is anticipated in the 
future, and the acute physiological responses to such exer-
cise should be understood to guide exercise prescriptions. 
One topic where there is still no consensus, and its poten-
tial implications still not fully realized, is whether muscle 
fatigability (i.e., acute strength loss)8 manifests differently 
during bouts of maximal ECC (ECCmax) versus maximal 
CON (CONmax) resistance exercise. That no clear answer 
exists is perhaps surprising given that researchers first ex-
plored the topic in the 1970s.

In 1974, Komi and Rusko9 reported, in a sample of five 
healthy men, that one set of 40 ECCmax repetitions of the 
elbow flexors reduced ECC muscle strength by 50% at the 
end of the exercise set, whereas one set of 40 CONmax rep-
etitions reduced CON strength by 20%. In 1977, Komi and 
Viitasalo10 reported similar results for knee extensors. In a 
sample of four healthy men, they found that one set of 40 
ECCmax repetitions reduced ECC muscle strength by 35% 
at the end of the exercise set, whereas one set of 40 CONmax 
repetitions reduced CON strength by 13%. Nevertheless, 
subsequent studies,11– 14 many of which included larger 
and different samples, different muscle groups, and differ-
ent volumes of exercise than in the original studies,9,10 did 
not necessarily find the same results. Thus, after approx-
imately 50 years of research on the question of whether 
muscles fatigue differently during ECCmax versus CONmax 
resistance exercise, an answer has remained elusive.

Therefore, the primary purpose of our paper was to 
overview studies that have reported acute changes in 
muscle strength during bouts of ECCmax versus CONmax 
resistance exercise. To supplement the primary aim, and 
provide additional perspective on muscle fatigue during 
ECC and CON resistance exercise, we also overviewed the 
existing literature on acute reductions in ECC and CON 
phase muscle strength during repeated coupled ECCmax- 
CONmax resistance exercise. Additionally, we overviewed 
the number of repetitions that can be completed during 
ECC and CON resistance exercise with equal relative loads.

2  |  METHODS

To summarize methods and results of studies that exam-
ined acute strength loss during ECCmax versus CONmax 
resistance exercise, we overviewed the relevant research 
literature. An overview shares characteristics with narra-
tive reviews and scoping reviews.15,16 An overview is de-
fined as a “summary of literature that attempts to survey 
the literature and describe its characteristics” and may or 
may not include comprehensive searching, assessments of 
study quality, or tabular syntheses of the literature.15

We identified relevant studies using a mixed approach 
similar to that described by Greenhalgh and Peacock.17 
This approach relied on the investigators' personal knowl-
edge and checking of personal digital files associated with 
previous research,5,6,18,19 keyword searches performed in 
PubMed and Google Scholar (e.g., “eccentric” AND “con-
centric” AND “fatigue”), and “snowballing” strategies 
(i.e., reference and citation tracking). Articles were eli-
gible for inclusion in the review if they included human 
subjects and reported muscle strength data (e.g., torques, 
forces) before and at the end of acute bouts of ECCmax, 
CONmax, or coupled ECCmax- CONmax resistance exercise. 
Articles published up until March 1, 2023, were eligible. 
Our literature search was thorough, amounting to the 
largest repository of data on the topic, but the search was 
not necessarily exhaustive. We did not follow formal flow 
diagram procedures such as tracking numbers and rea-
sons for exclusions. We also did not formally assess study 
quality. Thus, our interpretations of the results should 
be considered with some degree of caution, as the poten-
tial for investigator bias is thought to be more likely with 
overviews and narrative reviews compared to systematic 
reviews.15

Extracted data from eligible studies included sam-
ple size, sex, age, and resistance exercise history; resis-
tance exercise protocol features (e.g., sets, repetitions, 
and movement velocity), and percent changes in muscle 
strength from the exercise protocol. For papers in which 
strength values were presented in figures, the values 
were estimated using an openly available graph digitzer 
(WebPlotDigitizer, https://apps.autom eris.io/wpd/). The 
graph digitizer required the investigator to temporarily 
upload a copy of the figure to the website. The investigator 
then calibrated the image by clicking two reference points 
on the y- axis (usually 0 and top of the y- axis) and inform-
ing the software of the actual values represented by those 
two points. The investigator then clicked each symbol on 
the figure that represented a mean or standard deviation 
or standard error of interest. After all data points were 
identified in the figure, the software generated a spread-
sheet of the values calibrated against the y- axis. Means for 
percent change in strength after exercise across studies 
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were computed in Version 29 of the Statistical Software 
Package for the Social Sciences (SPSS, Armonk, United 
States) and weighted for study sample size.

3  |  RESULTS AND DISCUSSION

3.1 | ECCmax versus CONmax resistance 
exercise

3.1.1 | Study characteristics

We identified 30 studies published between 1973 and 
March 2023 that compared acute strength loss from bouts 
of ECCmax and CONmax resistance exercise. The 30 stud-
ies included 33 distinct study groups with 40 ECCmax ver-
sus CONmax exercise comparisons across all study groups 
and muscle groups. The studies included 490 participants 
(337 men, 147 women), and the mean sample size was 
16.3 participants per study. Characteristics of the sam-
ples and methods of the studies are presented in Table 1. 
Participants in the studies were typically healthy, adult 
men, who were 20– 40 years of age. The elbow flexors and 
knee extensors were the two most frequently studied mus-
cle groups, comprising 25 studies (83.3%). Isokinetic dy-
namometry was used in 90% of the studies to deliver the 
exercise. The velocities of isokinetic exercise ranged from 
30 to 180°/s (89.4 ± 56.3°/s; mean ± SD). In one study, par-
ticipants exercised with maximal effort on a connected 
adaptive resistance exercise machine, which involved 
maximal muscle actions performed within a range of 
velocities and with an external resistance that decreased 
(i.e., drop setting) in real- time to match the participant's 
force- generating capacity with fatigue.5

The ECCmax and CONmax exercise protocols typically 
involved a prescribed number of sets and repetitions. 
The protocols ranged from 1 to 10 sets (3.4 ± 2.5 sets) and 
from 6 to 100 muscle actions per set (29.3 ± 28.5 repeti-
tions). The total number of repetitions generally ranged 
from 40 to 100, except for the ankle dorsiflexors, where 
150 maximal muscle actions were completed (66.7 ± 35.9 
repetitions). Other methods for inducing muscle fatigue 
consisted of one set of repeated maximal repetitions for a 
prescribed amount of time rather than a prescribed num-
ber of repetitions20 and completing one set of repeated 
maximal repetitions until the participant felt they could 
no longer perform more repetitions.21– 23

Regarding the measurement of acute strength loss 
after exercise, about one- third of studies included a sepa-
rate strength test immediately after the last set of exercise, 
whereas the majority of studies measured final muscle 
strength as an average of strength across the final 2– 5 rep-
etitions of the last set (or we identified final strength in the 

T A B L E  1  Characteristics of samples and methods in studies 
that reported on acute strength loss from maximal eccentric 
(ECCmax) and concentric (CONmax) resistance exercise.

n %

Included studies 30 100

Sex (337 men, 147 women, 484 total)

Only men 14 46.7

Only women 3 10.0

Mixed sex sample 13 43.3

Age

Youth only (< 18 y) 1 3.3

Adults only (18– 59 y) 26 86.7

Older adults only (≥60 y) 0 0

Adult and older adult sample 2 6.7

Not reported 1 3.3

Health status

Healthy sample only 30 100

Patient sample only 0 0

Resistance exercise history

Previous resistance exercise 
experience

7 23.3

No previous resistance exercise 
experience

5 16.7

Not reported 18 60.0

Muscle group

Elbow flexors only 13 43.3

Shoulder internal and external 
rotators

1 3.3

Lumbar extensors only 1 3.3

Knee extensors only 11 36.7

Ankle plantarflexors only 1 3.3

Ankle dorsiflexors only 2 6.7

Elbow flexors, elbow extensors, knee 
extensors, knee flexors

1 3.3

Exercise equipment

Isokinetic dynamometer 27 90.0

Other 3 10.0

Post- exercise strength test time

Last repetitions 19 63.3

Immediate- post 10 33.3

Last repetitions and immediate- post 1 3.3

Strength test muscle action

Same muscle action as during 
exercise

20 66.7

Same muscle action as during 
exercise and another muscle 
action

7 23.3

Isometric only 3 10.0

Abbreviations: CON, concentric; ECC, eccentric; ISO, isometric.
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figures as the strength value representing the last repeti-
tion performed). Thus, in most studies, maximal muscle 
strength was measured via the muscle action type that was 
also performed during exercise. That is, strength loss from 
ECCmax exercise was typically measured via a maximal 
ECC muscle action, whereas strength loss from CONmax 
exercise was typically measured via a maximal CON mus-
cle action. Some studies also incorporated tests of maxi-
mal voluntary isometric strength before and immediately 
after exercise.

3.1.2 | Acute strength loss

The first finding was that both ECCmax and CONmax exer-
cise induced significant acute strength loss (Tables 2 and 
3). Exceptions to this were studies in which there was not 
a significant acute loss in ECC strength after the ECCmax 
exercise.13,20,24,25 The second finding was that when acute 
strength loss occurred from ECCmax or CONmax exercise, 
the magnitude of loss, irrespective of the volume of ex-
ercise completed, rarely exceeded 60% (Tables  2 and 3). 
Thus, during repeated maximal resistance exercise, a 
minimal level of muscle strength was preserved to allow 
for continued exercise repetitions. The third finding was 
that the acute strength loss was not exclusive to the mus-
cle action type used during exercise (Tables 2 and 3). For 
example, both ECCmax and CONmax exercise often caused 
acute strength loss in ECC, CON, and isometric strength 
assessments.22,26– 29 In some studies, the acute strength 
loss was most pronounced in the muscle action type used 
during exercise (i.e., specificity of fatigue),14,26 whereas 
in other studies, the acute strength loss was similar be-
tween strength assessments.27,28 The fourth finding was 
that the muscle group undergoing the exercise impacted 
whether there was a difference in acute strength loss be-
tween ECCmax versus CONmax exercise. In the elbow flex-
ors, the magnitude of acute strength loss from ECCmax 
and CONmax exercise was roughly the same (i.e., weighted 
mean of ~30%) (Tables  2 and 4). However, for the knee 
extensors and ankle dorsiflexors and plantarflexors, acute 
strength loss from ECCmax exercise was less than from 
CONmax exercise (i.e., weighted means of ~15% and ~40%, 
respectively) (Tables 3 and 4).

We speculate that more frequent use of lower- limb 
than upper- limb muscles for activities of daily living 
(e.g., descending stairs or hills), and/or greater penna-
tion angles of the knee extensors than elbow flexors,30– 35 
render the knee extensors less susceptible than the 
elbow flexors to strength loss from acute ECCmax resis-
tance exercise. That use- dependence might mitigate the 
acute strength loss experienced during a bout of ECCmax 

resistance exercise is further supported by results show-
ing that (a) individuals with a history of resistance ex-
ercise of the elbow flexors experience less isometric 
torque loss immediately, 30 min, and for 5 days after 
completing 10 sets of 6 ECCmax isokinetic muscle ac-
tions36 and (b) 7 weeks of ECC resistance exercise of the 
elbow flexors lessens the amount of acute strength loss 
experienced during a fatiguing ECC protocol performed 
after the intervention.37 Moreover, although loads ex-
perienced during activities of daily living are low, low 
loads protect against strength loss experienced immedi-
ately after, and in the days following, muscle- damaging 
ECCmax resistance exercise.38 Also, larger pennation 
angles of vastus lateralis and medialis muscle fibers 
(10– 17°)30,33,35 compared to biceps brachii (~0°)34 and 
brachialis muscle fibers (8– 9°)31,32 might mitigate the 
acute strength loss experienced during ECCmax resis-
tance exercise of the knee extensors due to less muscle 
damage, as muscle fibers of pennate muscles undergo 
minimal lengthening during ECC muscle actions due 
to fascicle rotation (i.e., they operate in a higher gear 
ratio).39 This reduced length change in muscle fibers of 
pennate muscles during ECC muscle actions might also 
help explain why the knee extensors are less susceptible 
to muscle damage from ECC exercise than the elbow 
flexors.38,40– 45

Finally, although acute strength loss in the elbow flex-
ors was roughly similar at the end of ECCmax and CONmax 
resistance exercise (Tables 2 and 4), ECCmax exercise had 
a more detrimental effect on force- generating capacity 
in the days following the exercise than did CONmax exer-
cise.26,46,47 All studies that measured muscle soreness in the 
days following exercise reported greater muscle soreness 
after ECCmax than CONmax exercise, with CONmax exercise 
typically causing little or no muscle soreness.9,10,21,26,27,46– 48 
The more prolonged loss in muscle strength after ECCmax 
exercise was likely the result of muscle damage38,45 rather 
than sustained central or peripheral fatigue. Thus, because 
little to no muscle damage is present in the days following 
CONmax exercise,9,21,26,46– 48 the acute strength loss present 
at the end of CONmax exercise is likely not due to muscle 
damage. However, because muscle damage occurs in the 
days following ECCmax exercise,26,46,47 the acute strength 
loss at the end of ECCmax exercise might be caused by a 
combination of both muscle damage and the same physi-
ological factors that underlie the acute strength loss at the 
end of CONmax exercise. Thus, future research that seeks 
to clarify the mechanisms of muscle fatigue from ECCmax 
exercise, should consider participants' previous expo-
sures to ECC exercise of the muscle investigated, as the 
“repeated bout effect”38,45 might protect against damage- 
induced strength loss.
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3.1.3 | Physiological outcomes

Oxygen consumption9,10 and blood lactate levels10,26,27,46 
were elevated during both ECCmax and CONmax resistance 
exercise. Blood lactate levels were usually elevated to the 
same extent with both types of exercise,10,27,46 though one 
study reported greater levels after CONmax than ECCmax 
exercise.26 Amplitudes of electromyographic (EMG) sig-
nals were similar between ECCmax and CONmax muscle 
actions,9,20,26,27,48,49 though two studies reported greater 
EMG amplitudes during CONmax than ECCmax muscle ac-
tions.25,50 EMG amplitudes decreased with repeated ECCmax 
and CONmax muscle actions in some studies9,11,27,29,49– 52 but 
not in others.10,20,25,26,48,53 When reductions in EMG ampli-
tude were present, usually there was no difference in the 
magnitude of decrease between ECCmax and CONmax ex-
ercise,9,11,27,29,49,51,52 although one study reported a greater 
decrease in EMG after CONmax exercise.50 Moreover, ir-
respective of whether EMG amplitude was reduced after 
ECCmax or CONmax exercise, this reduction (or lack thereof) 
was sometimes,11,48,51 though not always,49– 51 less than the 
large reductions in strength that occurred with these fatigu-
ing protocols. The incongruency between acute strength and 
EMG loss was likely due, in part, to the fact that EMG was 
often reported from just one muscle, whereas joint actions 
were performed by multiple muscles. Finally, Pasquet et al.50 
and Baudry et al.,11 who measured various physiological 
outcomes (e.g., passive muscle twitch properties, voluntary 
activation, surface EMG), concluded that the mechanisms 
of force loss from ECCmax and CONmax exercise of the ankle 
dorsiflexors were largely peripheral (e.g., Ca2+ excitation- 
contraction coupling) rather than neural in origin.

3.2 | Coupled ECCmax- CONmax 
resistance exercise

We identified seven studies5,6,23,29,54– 56 that examined 
changes in ECC and CON phase muscle strength during 

coupled ECCmax- CONmax resistance exercise (Table  5). 
Four of these studies were of the elbow flexors,5,6,29,55 
one was of the knee extensors,54 and two were of the 
ankle plantarflexors.23,56 Some of these studies included 
comparative groups of ECCmax and/or CONmax exercise, 
though results from these comparative groups are not pre-
sented in Table 5.

The first finding was that coupled ECCmax- CONmax 
exercise typically caused similar levels of strength loss 
in the ECC and CON phases. Exceptions to this were the 
studies by Nuzzo and colleagues,5,6 who found greater 
acute strength loss in the CON than ECC phase. The 
studies by Nuzzo and colleagues5,6 involved exercise and 
strength testing on a connected adaptive resistance exer-
cise machine, whereas all other studies23,29,54– 56 involved 
exercise and strength testing on isokinetic dynamome-
ters. The reason why the connected adaptive resistance 
exercise machine induced greater acute strength loss in 
the CON than the ECC phase during coupled ECCmax- 
CONmax exercise is unclear. With isokinetic dynamom-
eters, the velocity of movement is constant throughout 
the ECC and CON phases, whereas with the connected 
adaptive resistance exercise machine, muscle actions 
occur within a range of velocities that are not neces-
sarily the same in the ECC and CON phases. How this 
might explain the above findings is uncertain other 
than to note that velocity of movement impacts acute 
strength loss.57– 59

The second finding was that, in the elbow flexors, acute 
strength loss in the CON phase was greater after ECCmax- 
CONmax exercise than from CONmax exercise.5,29 However, 
with regard to ECC phase acute strength loss, Nuzzo et al.5 
observed little difference between ECCmax- CONmax and 
ECCmax exercise of the elbow flexors, whereas Yoshida 
et al.29 observed greater ECC phase acute strength loss 
after ECCmax- CONmax exercise than ECCmax exercise. A 
notable difference between the studies was, again, the ex-
ercise equipment used (connected adaptive resistance ex-
ercise machine5 versus isokinetic dynamometer29).

Body area and mode of 
exercise

Acute strength change (%)

Specific to muscle action 
used in exercise (ECC or 
CON)

Not specific to muscle 
action used in exercise 
(ISO)

n Mean SD n Mean SD

Upper- body muscles

ECCmax exercise 266 −31.4 20.4 110 −30.5 11.3

CONmax exercise 266 −33.6 17.5 110 −22.6 10.5

Lower- body muscles

ECCmax exercise 303 −13.6 12.2 33 −29.5 4.1

CONmax exercise 303 −39.7 13.3 33 −27.4 8.6

Abbreviations: CON, concentric; ECC, eccentric; ISO, isometric; SD, standard deviation.

T A B L E  4  Weighted means of acute 
strength change after maximal eccentric 
(ECCmax) and concentric (CONmax) 
resistance exercise of upper-  and lower- 
body muscle groups.
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In other muscle groups, too few studies have been 
conducted to make firm conclusions. In the knee ex-
tensors, Bilcheck54 observed little or no acute strength 
loss at the end of coupled ECCmax- CONmax exercise and 
from separate ECCmax and CONmax exercise protocols. 
In the ankle plantarflexors, Svantesson et al.56 observed 
a 33% acute strength loss in the CON phase of ECCmax- 
CONmax exercise and a 25% acute strength loss in the 
CON phase of CONmax exercise, which was not different 
statistically.

Overall, the existing, albeit limited, literature on cou-
pled ECCmax- CONmax exercise suggests that when the ex-
ercise is performed at a constant velocity using isokinetic 
dynamometry, similar levels of acute strength loss can be 
expected in the ECC and CON phases. However, the mag-
nitude of acute strength loss experienced during the CON 
phase can be expected to be greater after ECCmax- CONmax 
exercise than CONmax exercise when the exercise is per-
formed by the elbow flexors.

3.3 | Submaximal ECC and CON 
resistance exercise with equal 
relative loads

In the studies summarized above, fatigue was quantified 
as the percent loss in strength from before to after maxi-
mal exercise. A second way to examine fatigue from ECC 
and CON resistance exercise is to first measure the ECC 
and CON one- repetition maximums (1RM) and then 
compare the number of ECC and CON repetitions that 
can be completed when repetitions are performed to fail-
ure with equal relative loads. Many previous studies have 
documented that when the same absolute load is lifted, 
the following occurs: (a) more repetitions are completed 
during ECC than CON exercise,60 (b) time- to- exhaustion 
is longer during ECC than CON exercise,61 and (c) meas-
ures of cardiovascular demand/stress (e.g., heart rate, 
blood pressure, oxygen consumption) and perceived 
exertion are lower during ECC than CON exercise.61– 66 
However, because ECC strength is approximately 40% 
greater than CON strength,18 when a participant lifts 
the same absolute loads, the load is heavier in relative 
terms (i.e., %1RM) during the CON than ECC exercise. 
Maximal ECC strength assessments are challenging to 
administer with traditional resistance exercise equip-
ment but emerging technologies appear to make these 
assessments more feasible.4– 7 Thus, exercise prescrip-
tions based on the ECC maximum might be more com-
mon in the future, and the %1RM- repetition relationship 
should not be assumed to be the same for ECC and CON 
resistance exercise.

We identified three studies that examined ECC versus 
CON repetitions- to- failure with equal relative loads.67– 69 
These studies were of the barbell bench press,68 dumb-
bell bicep curl,69 and isokinetic knee extension.67 The 
loads tested ranged from 60 to 95% of the muscle action- 
specific 1RM. In the study by Kelly et al.,68 30 healthy 
men completed ECC and CON repetitions- to- failure 
tests in the bench press with loads equal to 60, 70, 80, 
and 90% of 1RM. For the 90% 1RM load comparison, 
participants completed, on average, three more rep-
etitions during ECC (8 repetitions) than CON tests (5 
repetitions). However, no statistically significant dif-
ference in the number of repetitions completed in the 
two conditions was observed for the 80% (~11 repeti-
tions), 70% (~18 repetitions), and 60% 1RM tests (~27– 
30 repetitions).

In the study by Shibata et al.,69 16 healthy men com-
pleted ECC and CON repetitions- to- failure tests for the 
biceps curl with dumbbells equal to 70%, 80%, 90%, and 
95% 1RM. In general, participants performed more ECC 
than CON repetitions. With the 70% 1RM load, the mean 
number of ECC and CON repetitions completed by par-
ticipants was 34 and 21, respectively. With the 80% 1RM 
load, the mean ECC and CON repetitions completed by 
participants were 22 and 12, respectively. With the 90% 
1RM load, the mean ECC and CON repetitions completed 
by participants were 10 and 5, respectively. With the 95% 
1RM load, the mean ECC and CON repetitions completed 
by participants were 7 and 3, respectively.

In the study by Cherouveim et al.,67 10 healthy men 
completed ECC and CON repetitions- to- fatigue tests for 
the isokinetic knee extension exercise with a resistance 
equal to 60% of the maximum. The dynamometer pro-
vided torque feedback, and participants were encour-
aged to reach the 60% of maximum target. The fatigue 
test ended when participants could not achieve the 60% 
target on three consecutive repetitions. The participants 
completed significantly more ECC than CON repetitions 
(means: 122 vs 78 repetitions, respectively).

Overall, the existing, albeit limited, literature on the 
number of ECC and CON repetitions that can be com-
pleted with equal relative loads has shown that equal or 
more ECC repetitions can be performed depending on the 
exercise and the magnitude of the relative load. More ECC 
than CON repetitions can be performed during the biceps 
curl at 70– 95% 1RM, the knee extension at 60% of peak 
torque, and the bench press at 90% 1RM. However, no 
difference appears to exist in the number of ECC versus 
CON bench press repetitions that can be performed at 60– 
80% 1RM, and perhaps this relates to greater coordination 
requirements for the ECC phase of the bench press com-
pared to the single- joint exercises.
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3.4 | Future research

The current review has revealed that most studies on mus-
cle fatigue from ECCmax and CONmax resistance exercise 
were conducted on the elbow flexors and knee exten-
sors. The elbow flexors appear to be more susceptible to 
acute strength loss from ECCmax exercise than the knee 
extensors, and this is perhaps due to differences in the 
architectures and daily uses of these muscles. Future re-
search can continue to explore how muscle architecture 
and use- history impact acute strength loss and muscle 
damage from ECCmax and CONmax resistance exercise. 
Training studies could be used to determine if muscle 
fatigability from ECCmax versus CONmax exercise changes 
after several weeks of resistance exercise.37 Similarly, 
cross- sectional studies could be used to determine if mus-
cle fatigability from ECCmax and CONmax exercise differs 
between individuals who have different levels of experi-
ence with resistance exercise.36,70 In the current review, 
exploration of the potential impact of resistance exercise 
history on muscle fatigability from ECCmax and CONmax 
exercise was not possible as 60% of papers did not report 
information on resistance exercise history. Thus, as some 
evidence suggests that individuals with histories of resist-
ance exercise are less fatigable than those without histo-
ries of resistance exercise,36,70 we encourage information 
on resistance exercise experience to be collected in future 
research. Such information might include number of 
years of experience and number of days per week of cur-
rent participation. Cross- sectional studies can also con-
tinue to explore whether sex5,6 and age11,71 correlate with 
muscle fatigability from these protocols, as the current 
literature is composed of studies involving mostly healthy 
male participants who are between 20 and 40 years old. 
Understanding the extent to which sex, age, and muscle 
group impact muscle fatigability during ECC and CON 
exercise could further inform resistance exercise guide-
lines for ECC and CON exercise. Other recommendations 
for future research include, when feasible, large sample 
sizes, multiple strength tests, and assessments of muscle 
groups other than the elbow flexors and knee extensors 
(e.g., knee flexors).

Finally, prescriptions for numbers of repetitions at 
percentages of the 1RM have historically been based on 
the %1RM- repetition relationship for the CON 1RM.72,73 
However, as the current review highlights, the number 
of ECC repetitions that can be completed at a given rel-
ative load is sometimes higher than the number CON 
repetitions that can be completed at that same relative 
load.67– 69,74 Thus, further research will be required to de-
termine the %1RM- repetition relationship for ECC resis-
tance exercise in various populations and across various 
exercises.

3.5 | Practical applications

Results from the current overview provide practical impli-
cations for resistance exercise prescriptions, particularly 
as ECC resistance exercise seems to have increased in 
popularity in recent years and given that there has been 
an emergence of exercise equipment to facilitate ECC re-
sistance exercise prescriptions.4,7,75 Skeletal muscles are 
approximately 40% stronger during ECC than CON mus-
cle actions,18 cardiovascular stress and perceptions of ef-
fort are lower during ECC than CON resistance exercise 
at equal absolute workloads,61– 66,76 and weeks of ECC re-
sistance exercise increases muscle size and strength.1,77– 81 
Thus, ECC resistance exercise is believed to be an effective 
way for improving health and fitness in healthy adults as 
well as in older adults and those who have medical con-
ditions that might require an exercise stimulus with less 
cardiovascular stress and lower perceptions of effort.75,82 
ECC resistance exercise also appears to prevente and 
rehabilitate some muscle and tendon and injuries.82– 85 
Nevertheless, isolation of the CON and ECC phases of 
resistance exercises with free weights, weight stack ma-
chines, and plated- loaded machines is difficult. Isokinetic 
dynamometers are better- suited to accomplish this, and 
their frequent appearance in the literature overviewed 
herein is evidence of this. However, isokinetic dynamom-
eters, due to their size, cost, and other limiting factors, 
have not been widely adopted by exercise practitioners.2,3 
New ECC resistance exercise technologies advance some 
of the limitations of isokinetic dynameters, permitting 
independent maximal strength assessments and exercise 
prescriptions for the CON and ECC phases of resistance 
exercises.4– 7 Thus, findings from the current review have 
potential implications for resistance exercise prescriptions 
that incorporate such equipment or isokinetic dynamom-
etry to deliver CON or ECC resistance exercise.

Perhaps the main implication of the current work is that 
ECC resistance exercise prescriptions should account for the 
muscle group being exercised. The elbow flexors are more 
susceptible to acute strength loss and damage from ECC ex-
ercise than are muscles of the lower limbs. Thus, volumes 
or intensities of ECC exercise should be lower for the elbow 
flexors than for the knee extensors, ankle dorsiflexors, and 
ankle plantarflexors, if less muscle damage and fatigue are 
desired. This might be particularly important for novice ex-
ercisers and individuals who have medical conditions that 
might be exacerbated by muscle damage and fatigue. A sec-
ond implication is that cardiovascular stress during ECC ex-
ercise at a given absolute load will be less than during CON 
exercise.61– 66,76 Thus, as mentioned above, ECC resistance 
exercise might be well- suited for patients with cardiovascu-
lar or other medical conditions.75,82 Third, at a given abso-
lute load, individuals can complete more ECC than CON 
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repetitions. Thus, predictions of the number of repetitions 
that can be completed at particular percentages of the CON 
1RM (i.e., the test often used to guide prescriptions), should 
not be expected to be the same for ECC resistance exercise. 
Fourth, when prescribing target numbers of CON or ECC 
repetitions to be completed at the same relative loads, in-
dividuals, in some cases, will still be able to complete more 
ECC than CON repetitions. Fifth, acute bouts of ECCmax, 
CONmax, and coupled ECCmax- CONmax resistance exercise 
cause significant acute reductions in muscle strength. In the 
case of ECCmax resistance exercise, this strength loss is often 
not recovered in the hours or days following exercise due 
to muscle damage. Thus, prescriptions of ECCmax resistance 
exercise should consider the individual's resistance exer-
cise history, the muscle group exercised, and the potential 
impact of such strength loss on performance in upcoming 
sport practices and games.

3.6 | Limitations

All of the above information should be considered in light of 
the limitations of the current work. First, the current work 
was a thorough overview, but it was not a systematic review 
or meta- analysis. Investigator bias is thought to be more 
likely with overviews than systematic reviews.15 Thus, our 
interpretations of the findings should be considered with 
caution. Nevertheless, we believe that we have compiled 
into one source an amount of data on responses to acute 
ECCmax and CONmax resistance exercise that is significantly 
larger than any previous attempt. Moreover, a purpose of 
overviews and similar types of reviews, such as narrative 
and scoping reviews, is to provide a general sense of the 
methods and results associated with the current literature 
and to also propose new hypotheses and suggest directions 
for future research.15 We believe we have accomplished that.

A second limitation of the current overview is that the 
average sample size across studies was 16 participants, 
and heterogeneity existed in terms of some of the meth-
ods used. Small sample sizes are a problem in exercise 
and sports science research,86,87 and they are potentially 
problematic here because they likely make estimates of ef-
fects less precise than they would otherwise be with larger 
samples. Such problems are also likely compounded by 
the heterogeneity in study methods. Thus, as we did not 
formally assess study quality, our results and conclusions 
should, again, be interpreted with caution.

3.7 | Conclusion

Based on results from 30 studies that reported on 
acute strength loss from bouts of ECCmax and CONmax 

resistance exercise, we conclude the following: (a) both 
ECCmax and CONmax exercise cause acute strength 
loss by the end of exercise; (b) the acute strength loss 
exhibits a plateauing or strength preservation behavior, 
such that it rarely exceeds 60% of baseline strength; 
(c) acute strength loss is not exclusive to the muscle 
action type used during exercise, but in some studies, 
it is most pronounced in the muscle action type used 
during exercise (i.e., specificity of fatigue); and (d) the 
magnitude of acute strength loss from ECCmax exercise 
is less for the knee extensors than elbow flexors, likely 
due to the different architectural features and daily 
functions of these muscle groups.

Based on seven studies on coupled ECCmax- CONmax re-
sistance exercise, we conclude the following: (a) coupled 
ECCmax- CONmax isokinetic muscle actions cause similar 
levels of acute strength loss in the ECC and CON phases 
of exercise; (b) when exercise is performed by the elbow 
flexors, the magnitude of acute strength loss experienced 
during the CON phase of ECCmax- CONmax exercise can 
be expected to be greater than experienced during the 
CON phase of CONmax exercise. Based on three studies on 
muscle fatigue during submaximal ECC and CON repeti-
tions with equal relative loads, we conclude that equal or 
more ECC repetitions can be completed than CON repe-
titions depending on the exercise and relative load lifted. 
Nevertheless, most of the studies summarized in the cur-
rent review have involved healthy young male participants 
completing isokinetic muscle actions of the elbow flexors 
or knee extensors. Further research can explore muscle 
fatigue from ECC and CON resistance exercise in differ-
ent and larger samples and in different muscle groups and 
exercises.

4  |  PERSPECTIVES

The current overview has helped to answer a research ques-
tion that has remained unanswered for several decades: do 
repeated ECCmax and CONmax muscle actions induce simi-
lar magnitudes of acute strength loss (i.e., muscle fatigue)? 
The present review has clarified that the answer depends 
on the muscle group exercised. When ECCmax and CONmax 
exercise are performed by the elbow flexor muscles, both 
types of exercise cause significant yet similar magnitudes 
of acute strength loss. However, when ECCmax and CONmax 
exercise are performed by the knee extensor muscles, 
acute strength loss from ECCmax exercise is less than from 
CONmax exercise. We speculate that this “protection” of 
the knee extensors from ECC exercise- induced muscle fa-
tigue (and damage) is due to the different architectures and 
daily uses of these muscles compared to the elbow flexors. 
We also discovered that when participants complete acute 
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ECC and CON resistance exercise with equal relative loads, 
equal or more ECC repetitions can be completed, depend-
ing on the exercise and relative load prescribed. Overall, 
the results indicate that prescriptions of ECC and CON ex-
ercise should not necessarily be the same. They should ac-
count for potential interactions between exercise mode and 
muscle group, relative load, exercise volume, and previous 
exposure to ECC exercise. Sex and age might also warrant 
consideration, but more research with female and older 
adult participants is needed.

ACKNOWLEDGMENT
Open access publishing facilitated by Edith Cowan 
University, as part of the Wiley -  Edith Cowan University 
agreement via the Council of Australian University 
Librarians.

FUNDING INFORMATION
MDP received a PhD scholarship from the Australian 
Government Research Training Program.

CONFLICT OF INTEREST STATEMENT
The authors have no conflict of interests to report.

DATA AVAILABILITY STATEMENT
Data sharing not applicable to this article as no datasets 
were generated or analysed during the current study.

ORCID
James L. Nuzzo   https://orcid.org/0000-0001-9081-0522 
Matheus D. Pinto   https://orcid.
org/0000-0002-2616-2492 
Kazunori Nosaka   https://orcid.
org/0000-0001-7373-4994 

REFERENCES
 1. Baroni BM, Pinto RS, Herzog W, Vaz MA. Eccentric resis-

tance training of the knee extensor muscle: training pro-
grams and neuromuscular adaptations. Isokinet Exerc Sci. 
2015;23(3):183- 198.

 2. McNeill C, Beaven CM, McMaster DT, Gill N. Survey of 
eccentric- based strength and conditioning practices in sport. J 
Strength Cond Res. 2020;34(10):2769- 2775.

 3. Harden M, Bruce C, Wolf A, Hicks KM, Howatson G. Exploring 
the practical knowledge of eccentric resistance training in 
high- performance strength and conditioning practitioners. Int 
J Sports Sci Coach. 2020;15(1):41- 52.

 4. Nuzzo JL, Pinto MD, Nosaka K. Connective adaptive resis-
tance exercise (CARE) machines for accentuated eccentric and 
eccentric- only exercise: introduction to an emerging concept. 
Sports Med. In press. doi:10.1007/s40279-023-01842-z

 5. Nuzzo JL, Pinto MD, Nosaka K. Muscle fatigue during maxi-
mal eccentric- only, concentric- only, and eccentric- concentric 
bicep curl exercise with automated drop setting. Scand J Med 
Sci Sports. 2023;33:857- 871.

 6. Nuzzo JL, Pinto MD, Nosaka K. Muscle strength and activity in 
men and women performing maximal effort biceps curl exer-
cise on a new machine that automates eccentric overload and 
drop setting. Eur J Appl Physiol. 2023;123:1381- 1396.

 7. Tinwala F, Cronin J, Haemmerle E, Ross A. Eccentric strength 
training: a review of the available technology. Strength Cond J. 
2017;39(1):32- 47.

 8. Gandevia SC. Spinal and supraspinal factors in human muscle 
fatigue. Physiol Rev. 2001;81(4):1725- 1789.

 9. Komi PV, Rusko H. Quantitative evaluation of mechanical and 
electrical changes during fatigue loading of eccentric and con-
centric work. Scand J Rehabil Med Suppl. 1974;3:121- 126.

 10. Komi PV, Viitasalo JT. Changes in motor unit activity and me-
tabolism in human skeletal muscle during and after repeated 
eccentric and concentric contractions. Acta Physiol Scand. 
1977;100(2):246- 254.

 11. Baudry S, Klass M, Pasquet B, Duchateau J. Age- related 
fatigability of the ankle dorsiflexor muscles during con-
centric and eccentric contractions. Eur J Appl Physiol. 
2007;100(5):515- 525.

 12. Grabiner MD, Owings TM. Effects of eccentrically and concen-
trically induced unilateral fatigue on the involved and unin-
volved limbs. J Electromyogr Kinesiol. 1999;9(3):185- 199.

 13. Hortobágyi T, Tracy J, Hamilton G, Lambert J. Fatigue effects 
on muscle excitability. Int J Sports Med. 1996;17(6):409- 114.

 14. Mullaney MJ, McHugh MP. Concentric and eccentric 
muscle fatigue of the shoulder rotators. Int J Sports Med. 
2006;27(9):725- 729.

 15. Grant MJ, Booth A. A typology of reviews: an analysis of 14 
review types and associated methodologies. Health Info Libr J. 
2009;26:91- 108.

 16. Munn Z, Peters MDJ, Stern C, Tufanaru C, McArthur A, 
Aromataris E. Systematic review or scoping review? Guidance 
for authors when choosing between a systematic or scoping re-
view approach. BMC Med Res Methodol. 2018;18(1):143.

 17. Greenhalgh T, Peacock R. Effectiveness and efficiency of search 
methods in systematic reviews of complex evidence: audit of 
primary sources. BMJ. 2005;331(7524):1064- 1065.

 18. Nuzzo JL, Pinto MD, Nosaka K, Steele J. The eccentric:con-
centric strength ratio of human skeletal muscle in vivo: meta- 
analysis of the influences of sex, age, joint action, and velocity. 
Sports Med. 2023;53(6):1125- 1136.

 19. Nuzzo JL. Narrative review of sex differences in muscle strength, 
endurance, activation, size, fiber type, and strength training par-
ticipation rates, preferences, motivations, injuries, and neuro-
muscular adaptations. J Strength Cond Res. 2023;37(2):494- 536.

 20. Kay D, St Clair Gibson A, Mitchell MJ, Lambert MI, Noakes 
TD. Different neuromuscular recruitment patterns during ec-
centric, concentric and isometric contractions. J Electromyogr 
Kinesiol. 2000;10(6):425- 431.

 21. Crenshaw AG, Karlsson S, Styf J, Bäcklund T, Fridén J. Knee 
extension torque and intramuscular pressure of the vastus lat-
eralis muscle during eccentric and concentric activities. Eur J 
Appl Physiol Occup Physiol. 1995;70(1):13- 19.

 22. Denis R, Bringard A, Perrey S. Vastus lateralis oxygenation 
dynamics during maximal fatiguing concentric and ec-
centric isokinetic muscle actions. J Electromyogr Kinesiol. 
2011;21(2):276- 282.

 23. Svantesson UM, Sunnerhagen KS, Carlsson US, Grimby G. 
Development of fatigue during repeated eccentric- concentric 

 16000838, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/sm

s.14419 by E
dith C

ow
an U

niversity, W
iley O

nline L
ibrary on [15/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0001-9081-0522
https://orcid.org/0000-0001-9081-0522
https://orcid.org/0000-0002-2616-2492
https://orcid.org/0000-0002-2616-2492
https://orcid.org/0000-0002-2616-2492
https://orcid.org/0000-0001-7373-4994
https://orcid.org/0000-0001-7373-4994
https://orcid.org/0000-0001-7373-4994
https://doi.org/10.1007/s40279-023-01842-z


   | 13NUZZO et al.

muscle contractions of plantar flexors in patients with stroke. 
Arch Phys Med Rehabil. 1999;80(10):1247- 1252.

 24. Gray JC, Chandler JM. Percent decline in peak torque produc-
tion during repeated concentric and eccentric contractions 
of the quadriceps femoris muscle. J Orthop Sports Phys Ther. 
1989;10(8):309- 314.

 25. Tesch PA, Dudley GA, Duvoisin MR, Hather BM, Harris RT. 
Force and EMG signal patterns during repeated bouts of 
concentric or eccentric muscle actions. Acta Physiol Scand. 
1990;138(3):263- 271.

 26. Linnamo V, Bottas R, Komi PV. Force and EMG power spec-
trum during and after eccentric and concentric fatigue. J 
Electromyogr Kinesiol. 2000;10(5):293- 300.

 27. Piitulainen H, Botter A, Merletti R, Avela J. Muscle fiber con-
duction velocity is more affected after eccentric than concentric 
exercise. Eur J Appl Physiol. 2011;111(2):261- 273.

 28. Ochi E, Tsuchiya Y, Nosaka K. Differences in post- exercise 
T2 relaxation time changes between eccentric and concen-
tric contractions of the elbow flexors. Eur J Appl Physiol. 
2016;116(11– 12):2145- 2154.

 29. Yoshida R, Kasahara K, Murakami Y, Sato S, Nosaka K, 
Nakamura M. Less fatiguability in eccentric than concentric re-
petitive muscle contractions. Eur J Appl Physiol. under Review. 
doi:10.1007/s00421-023-05178-4

 30. Baroni BM, Geremia JM, Rodrigues R, De Azevedo FR, 
Karamanidis K, Vaz MA. Muscle architecture adaptations to 
knee extensor eccentric training: rectus femoris vs. vastus lat-
eralis. Muscle Nerve. 2013;48(4):498- 506.

 31. Herbert RD, Gandevia SC. Changes in pennation with joint 
angle and muscle torque: in vivo measurements in human bra-
chialis muscle. J Physiol. 1995;484(Pt 2):523- 532.

 32. Hodges PW, Pengel LH, Herbert RD, Gandevia SC. Measurement 
of muscle contraction with ultrasound imaging. Muscle Nerve. 
2003;27(6):682- 692.

 33. Raj IS, Bird SR, Shield AJ. Reliability of ultrasonographic mea-
surement of the architecture of the vastus lateralis and gastroc-
nemius medialis muscles in older adults. Clin Physiol Funct 
Imaging. 2012;32(1):65- 70.

 34. Ruggiero M, Cless D, Infantolino B. Upper and lower limb 
muscle architecture of a 104 year- old cadaver. PLoS One. 
2016;11(12):e0162963.

 35. Strasser EM, Draskovits T, Praschak M, Quittan M, Graf A. 
Association between ultrasound measurements of muscle 
thickness, pennation angle, echogenicity and skeletal muscle 
strength in the elderly. Age. 2013;35(6):2377- 2388.

 36. Newton MJ, Morgan GT, Sacco P, Chapman DW, Nosaka K. 
Comparison of responses to strenuous eccentric exercise of the 
elbow flexors between resistance- trained and untrained men. J 
Strength Cond Res. 2008;22(2):597- 607.

 37. Michaut A, Babault N, Pousson M. Specific effects of ec-
centric training on muscular fatigability. Int J Sports Med. 
2004;25(4):278- 283.

 38. Huang MJ, Nosaka K, Wang HS, et al. Damage protec-
tive effects conferred by low- intensity eccentric contrac-
tions on arm, leg and trunk muscles. Eur J Appl Physiol. 
2019;119(5):1055- 1064.

 39. Azizi E, Roberts TJ. Geared up to stretch: pennate muscle 
behavior during active lengthening. J Exp Biol. 2014;217(Pt 
3):376- 381.

 40. Chen TC, Lin KY, Chen HL, Lin MJ, Nosaka K. Comparison 
in eccentric exercise- induced muscle damage among four limb 
muscles. Eur J Appl Physiol. 2011;111(2):211- 223.

 41. Jamurtas AZ, Theocharis V, Tofas T, et al. Comparison be-
tween leg and arm eccentric exercises of the same relative 
intensity on indices of muscle damage. Eur J Appl Physiol. 
2005;95(2– 3):179- 185.

 42. Paschalis V, Nikolaidis MG, Theodorou AA, Giakas G, Jamurtas 
AZ, Koutedakis Y. Eccentric exercise affects the upper limbs 
more than the lower limbs in position sense and reaction angle. 
J Sports Sci. 2010;28(1):33- 43.

 43. Saka T, Akova B, Yazici Z, Sekir U, Gür H, Ozarda Y. Difference 
in the magnitude of muscle damage between elbow flex-
ors and knee extensors eccentric exercises. J Sports Sci Med. 
2009;8(1):107- 115.

 44. Şenışık S, Akova B, Şekir U, Gür H. Effects of muscle architec-
ture on eccentric exercise induced muscle damage responses. J 
Sports Sci Med. 2021;20(4):655- 664.

 45. Chen TC, Yang TJ, Huang MJ, et al. Damage and the re-
peated bout effect of arm, leg, and trunk muscles induced 
by eccentric resistance exercises. Scand J Med Sci Sports. 
2019;29(5):725- 735.

 46. Bottas R, Linnamo V, Nicol C, Komi PV. Repeated maximal ec-
centric actions causes long- lasting disturbances in movement 
control. Eur J Appl Physiol. 2005;94(1– 2):62- 69.

 47. Muthalib M, Lee H, Millet GY, Ferrari M, Nosaka K. Comparison 
between maximal lengthening and shortening contractions for 
biceps brachii muscle oxygenation and hemodynamics. J Appl 
Physiol. 2010;109(3):710- 720.

 48. Hermann KM, Barnes WS. Effects of eccentric exercise on 
trunk extensor torque and lumbar paraspinal EMG. Med Sci 
Sports Exerc. 2001;33(6):971- 977.

 49. Beck TW, Kasishke PR 2nd, Stock MS, DeFreitas JM. Neural 
contributions to concentric vs. eccentric exercise- induced 
strength loss. J Strength Cond Res. 2012;26(3):633- 640.

 50. Pasquet B, Carpentier A, Duchateau J, Hainaut K. Muscle fa-
tigue during concentric and eccentric contractions. Muscle 
Nerve. 2000;23(11):1727- 1735.

 51. DeNuccio DK, Davies GJ, Rowinski MJ. Comparison of quadri-
ceps isokinetic exercise and isokinetic concentric data using a 
standard fatigue protocol. Isokinet Exerc Sci. 1991;1(2):81- 86.

 52. Ye X, Beck TW, Defreitas JM, Wages NP. An examination of the 
strength and electromyographic responses after concentric vs. 
eccentric exercise of the forearm flexors. J Strength Cond Res. 
2014;28(4):1072- 1080.

 53. Ye X, Beck TW, Wages NP. Acute effects of concentric vs. ec-
centric exercise on force steadiness and electromyographic 
responses of the forearm flexors. J Strength Cond Res. 
2015;29(3):604- 611.

 54. Bilcheck HM, Kraemer WJ, Maresh CM, Zito MA. The effects 
of isokinetic fatigue on recovery on maximal isokinetic con-
centric and eccentric strength in women. J Strength Cond Res. 
1993;7(1):43- 50.

 55. Kawakami Y, Kanehisa H, Ikegawa S, Fukunaga T. Concentric 
and eccentric muscle strength before, during and after fa-
tigue in 13 year- old boys. Eur J Appl Physiol Occup Physiol. 
1993;67(2):121- 124.

 56. Svantesson U, Österberg U, Thomeé R, Peeters M, Grimby 
G. Fatigue during repeated eccentric- concentric and pure 

 16000838, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/sm

s.14419 by E
dith C

ow
an U

niversity, W
iley O

nline L
ibrary on [15/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1007/s00421-023-05178-4


14 |   NUZZO et al.

concentric muscle actions of the plantar flexors. Clin Biomech. 
1998;13(4– 5):336- 343.

 57. Douris PC. The effect of isokinetic exercise on the relationship 
between blood lactate and muscle fatigue. J Orthop Sports Phys 
Ther. 1993;17(1):31- 35.

 58. Mathiassen SE. Influence of angular velocity and move-
ment frequency on development of fatigue in repeated isoki-
netic knee extensions. Eur J Appl Physiol Occup Physiol. 
1989;59(1– 2):80- 88.

 59. Morel B, Clémençon M, Rota S, et al. Contraction velocity in-
fluence the magnitude and etiology of neuromuscular fatigue 
during repeated maximal contractions. Scand J Med Sci Sports. 
2015;25(5):e432- e441.

 60. Flanagan SD, Mills MD, Sterczala AJ, et al. The relationship 
between muscle action and repetition maximum on the squat 
and bench press in men and women. J Strength Cond Res. 
2014;28(9):2437- 2442.

 61. Carrasco DI, Delp MD, Ray CA. Effect of concentric and eccen-
tric muscle actions on muscle sympathetic nerve activity. J Appl 
Physiol. 1999;86(2):558- 563.

 62. Durand RJ, Kraemer RR, Hollander DB, et al. Different effects 
of concentric and eccentric muscle actions on plasma volume. 
J Strength Cond Res. 2003;17(3):541- 548.

 63. Hollander DB, Durand RJ, Trynicki JL, et al. RPE, pain, and 
physiological adjustment to concentric and eccentric contrac-
tions. Med Sci Sports Exerc. 2003;35(6):1017- 1025.

 64. Miller PC, Hall EE, Chmelo EA, Morrison JM, DeWitt RE, 
Kostura CM. The influence of muscle action on heart rate, RPE, 
and affective responses after upper- body resistance exercise. J 
Strength Cond Res. 2009;23(2):366- 372.

 65. Thompson E, Versteegh TH, Overend TJ, Birmingham TB, 
Vandervoort AA. Cardiovascular responses to submaximal 
concentric and eccentric isokinetic exercises in older adults. J 
Aging Phys Act. 1999;7:20- 31.

 66. Vallejo AF, Schroeder ET, Zheng L, Jensky NE, Sattler FR. 
Cardiopulmonary responses to eccentric and concentric resis-
tance exercise in older adults. Age Ageing. 2006;35(3):291- 297.

 67. Cherouveim ED, Margaritelis NV, Koulouvaris P, et al. Skeletal 
muscle and cerebral oxygenation levels during and after sub-
maximal concentric and eccentric isokinetic exercise. J Sports 
Sci. 2022;40(2):195- 202.

 68. Kelly SB, Brown LE, Hooker SP, et al. Comparison of concentric 
and eccentric bench press repetitions to failure. J Strength Cond 
Res. 2015;29(4):1027- 1032.

 69. Shibata K, Yamaguchi T, Takizawa K, Nosaka K. Comparison 
in repetitions to failure between concentric- only and eccentric- 
only dumbbell arm curl exercise at four different relative in-
tensities. J Strength Cond Res. 2023; Publish Ahead of Print. 
doi:10.1519/JSC.00000 00000 004470

 70. Gentil P, Campos MH, Soares S, et al. Comparison of elbow 
flexor isokinetic peak torque and fatigue index between men 
and women of different training level. Eur J Transl Myol. 
2017;27(4):7070.

 71. Shelley S, James RS, Eustace S, Eyre E, Tallis J. The effects of 
high adiposity on concentric and eccentric muscle performance 
of upper and lower limb musculature in young and older adults. 
Appl Physiol Nutr Metab. 2021;46(9):1047- 1057.

 72. Hoeger WWK, Barette SL, Hale DF, Hopkins DR. Relationship 
between repetitions and selected percentages of one repetition 
maximum. J Appl Sport Sci Res. 1987;2(1):11- 13.

 73. Hoeger WWK, Hopkins DR, Barette SL, Hale DF. Relationship 
between repetitions and selected percentages of one repetition 
maximum: a comparison between untrained and trained males 
and females. J Appl Sport Sci Res. 1990;4(2):47- 54.

 74. Okamoto T, Masuhara M, Ikuta K. Cardiovascular responses in-
duced during high- intensity eccentric and concentric isokinetic 
muscle contraction in healthy young adults. Clin Physiol Funct 
Imaging. 2006;26(1):39- 44.

 75. Kraemer RR, Castracane VD. Endocrine alterations from con-
centric vs. eccentric muscle actions: a brief review. Metabolism. 
2015;64:190- 201.

 76. Hortobágyi T, DeVita P. Favorable neuromuscular and car-
diovascular responses to 7 days of exercise with an eccentric 
overload in elderly women. J Gerontol A Biol Sci Med Sci. 
2000;55(8):B401- B410.

 77. Douglas J, Pearson S, Ross A, McGuigan M. Chronic adapta-
tions to eccentric training: a systematic review. Sports Med. 
2017;47(5):917- 941.

 78. Roig M, O'Brien K, Kirk G, et al. The effects of eccentric ver-
sus concentric resistance training on muscle strength and mass 
in healthy adults: a systematic review with meta- analysis. Br J 
Sports Med. 2009;43(8):556- 568.

 79. Schoenfeld BJ, Grgic J. Eccentric overload training: a viable 
strategy to enhance muscle hypertrophy? Strength Cond J. 
2018;40(2):78- 81.

 80. Schoenfeld BJ, Ogborn DI, Vigotsky AD, Franchi MV, Krieger 
JW. Hypertrophic effects of concentric vs. eccentric muscle ac-
tions: a systematic review and meta- analysis. J Strength Cond 
Res. 2017;31(9):2599- 2608.

 81. Wagle JP, Taber CB, Cunanan AJ, et al. Accentuated eccentric 
loading for training and performance: a review. Sports Med. 
2017;47(12):2473- 2495.

 82. LaStayo P, Marcus R, Dibble L, Frajacomo F, Lindstedt S. 
Eccentric exercise in rehabilitation: safety, feasibility, and ap-
plication. J Appl Physiol. 2014;116(11):1426- 1434.

 83. Frizziero A, Trainito S, Oliva F, Nicoli Aldini N, Masiero S, 
Maffulli N. The role of eccentric exercise in sport injuries reha-
bilitation. Br Med Bull. 2014;110(1):47- 75.

 84. Goode AP, Reiman MP, Harris L, et al. Eccentric training for 
prevention of hamstring injuries may depend on intervention 
compliance: a systematic review and meta- analysis. Br J Sports 
Med. 2015;49(6):349- 356.

 85. Murtaugh B, Ihm JM. Eccentric training for the treatment of 
tendinopathies. Curr Sports Med Rep. 2013;12(3):175- 182.

 86. Abt G, Boreham C, Davison G, et al. Power, precision, and sam-
ple size estimation in sport and exercise science research. J 
Sports Sci. 2020;38(17):1933- 1935.

 87. Vagenas G, Palaiothodorou D, Knudson D. Thirty- year trends of 
study design and statistics in applied sports and exercise biome-
chanics research. Int J Exerc Sci. 2018;11(1):239- 259.

 88. Caruso JF, Skelly WA, Cook TD, Gibb GJ, Mercado DR, Meier 
ML. An isokinetic investigation of contractile mode's effect on 
the elbow flexors. J Strength Cond Res. 2001;15(1):69- 74.

 89. Löscher WN, Nordlund MM. Central fatigue and motor corti-
cal excitability during repeated shortening and lengthening ac-
tions. Muscle Nerve. 2002;25(6):864- 872.

 90. Latella C, Goodwill AM, Muthalib M, et al. Effects of eccen-
tric versus concentric contractions of the biceps brachii on in-
tracortical inhibition and facilitation. Scand J Med Sci Sports. 
2019;29(3):369- 379.

 16000838, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/sm

s.14419 by E
dith C

ow
an U

niversity, W
iley O

nline L
ibrary on [15/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1519/JSC.0000000000004470


   | 15NUZZO et al.

 91. Hortobágyi T, Barrier J, Beard D, et al. Greater initial adapta-
tions to submaximal muscle lengthening than maximal short-
ening. J Appl Physiol. 1996;81(4):1677- 1682.

 92. Baroni BM, Stocchero CMA, do Espirito Santo RC, Ritzel CH, 
Vaz MA. The effect of contraction type on muscle strength, 
work and fatigue in maximal isokinetic exercise. Isokinet Exerc 
Sci. 2011;19:215- 220.

How to cite this article: Nuzzo JL, Pinto MD, 
Nosaka K. Overview of muscle fatigue differences 
between maximal eccentric and concentric 
resistance exercise. Scand J Med Sci Sports. 
2023;00:1-15. doi:10.1111/sms.14419

 16000838, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/sm

s.14419 by E
dith C

ow
an U

niversity, W
iley O

nline L
ibrary on [15/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/sms.14419

	Overview of muscle fatigue differences between maximal eccentric and concentric resistance exercise
	Overview of muscle fatigue differences between maximal eccentric and concentric resistance exercise
	Abstract
	1|INTRODUCTION
	2|METHODS
	3|RESULTS AND DISCUSSION
	3.1|ECCmax versus CONmax resistance exercise
	3.1.1|Study characteristics
	3.1.2|Acute strength loss
	3.1.3|Physiological outcomes

	3.2|Coupled ECCmax-CONmax resistance exercise
	3.3|Submaximal ECC and CON resistance exercise with equal relative loads
	3.4|Future research
	3.5|Practical applications
	3.6|Limitations
	3.7|Conclusion

	4|PERSPECTIVES
	ACKNOWLEDGMENT
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


