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Introduction
▼
Resistance training has been widely accepted as 
the most popular exercise training mode for 
increasing muscular strength, endurance, hyper-
trophy and muscular power [18]. For efficient 
and safe training it is important to design resist-
ance training programs based on scientific evi-
dence. In order to maximize strength training 
benefits, the empirically based manipulation of 
acute training variables including intensity, fre-
quency, volume, exercise choice, rest interval (RI) 
and exercise order [32, 33, 38] are critical. Many 
studies have been conducted to evaluate the 
effects of different rest intervals between sets on 
acute responses and chronic adaptations of 
resistance training [9, 11, 12, 18, 32, 33, 38, 40]. 
Adequate between-sets resting periods are nec-
essary for appropriate muscle recovery to miti-
gate the effects of fatigue, and thus properly 
achieve increases in training volume [32, 33].
Several studies have compared RI between sets 
not only in younger but also in special popula-
tions, such as children, young adults and the 
elderly [8, 9, 12]. It has been reported that older 
men are more fatigue-resistant than younger 
adults [6, 7, 9, 22–24]. Further, younger women 

have greater resistance to fatigue than men 
[13, 31]. In addition, older women seem to be 
more fatigue-resistant than older men [6, 21]. 
Theou et al. [40] found that older women required 
a 1:1 exercise-to-rest ratio for knee flexor recov-
ery, while young women required a longer 1:2 
exercise-to-rest ratio. In addition, Bottaro et al. 
[9] reported a significant decline in PT when 1 
and 2 min rest intervals were used for young 
men, but not when a 2 min rest interval was 
applied for elderly men. They reported that 
young men need longer RI because they produce 
more force and the resistance to fatigue is 
inversely related to force production.
Cancer-related fatigue (CRF) is a very common 
side effect experienced by breast cancer survi-
vors who underwent chemotherapy and/or radi-
ation therapy [16]. CRF is a multifactorial process 
involving cancer treatment-related negative 
alterations to many physiological systems, sleep 
disturbances, and dietary intake alterations. All 
these are factors that can influence the com-
monly observed reduction in overall physical 
activity levels, leading to a downward spiral of 
reduced physical functioning and worsening of 
fatigue [3]. Regular exercise has been shown to 
be an intervention that can disrupt this down-
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Abstract
▼
The purpose of this study was to compare the 
acute effect of 2 different resting intervals (RI) 
between sets of isokinetic knee extension exer-
cise on peak torque (PT) and total work (TW) in 
breast cancer survivors (BCS) and control group 
(CNT). 16 BCS (52 ± 4 years) and 14 CNT (53 ± 6 
years) performed 3 sets of 10 unilateral isoki-
netic knee extension repetitions at 60 °.s− 1 on 2 
separate days with 2 different RI between sets (1 
and 2 min). There was a significant interaction 
between groups vs. exercise sets (p = 0.03) and RI 

vs. exercise sets (p < 0.001) for PT. PT was greater 
in CNT at 1st and 2nd sets compared to BCS group 
(CNT, 133.4 ± 20.8 and BCS 107.6 ± 19.9 Nm, 
p = 0.012 and CNT, 118.9 ± 19.6 and BCS, 
97.1 ± 15.9  Nm, p = 0.045, respectively). The TW 
of the knee extensor was significant greater in 
CNT than BCS group for all 3 knee extension 
exercise sets. In conclusion, the present study 
suggests that Breast Cancer Survivors women 
may need a longer rest interval (longer than 
2 min) to be able to fully recover during a 3 sets of 
isokinetic knee extension exercise training ses-
sion.
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ward spiral cycle of overall physical decline and debilitating 
fatigue [3]. Furthermore, significant benefits including improve-
ments in cardiopulmonary function (6 –39 % post training) as 
well as increases in muscle strength (11–110 % post training) 
[17] have been observed in different cancer populations, and 
these improvements have been associated with reduced overall 
physical dysfunction and fatigue levels [3]. Thus, since resistance 
to fatigue may influence rest periods during exercise, cancer sur-
vivors may experience different rest intervals between sets dur-
ing resistance exercise. Therefore, evaluating training variables 
included in a session of strength training, most specifically the 
resting periods necessary for optimizing training responses 
between exercise sets, is fundamental for the design of more 
efficacious resistance training programs in cancer patients.
The purpose of this study was to compare the acute effect of 2 
different RI between sets of knee extension exercise on muscle 
strength and muscle work capacity in breast cancer survivors. It 
was hypothesized that PT and TW in BCS would be lower than in 
the CNT group, and 1 min RI would be sufficient to recover PT 
and TW in the BCS group. The rationale for our hypothesis is that 
the RI required is dependent on muscle strength produced [9]. 
The results of this study may serve as a stepping-stone for future 
research in the area of the effects of resistance training in breast 
cancer survivors, so that more appropriate and effective exercise 
training interventions using resistance training can maximize 
training response.

Methods
▼
Experimental procedures
To test the effect of RI on peak torque (PT) and total work (TW), 
both the breast cancer survivors (BCS) and control group (CNT) 
performed an isokinetic knee extension exercise training ses-
sion with 2 different RI (1 and 2 min) between sets on 2 separate 
days. Participants were randomly assigned to perform either the 
1 or 2 min RI trials based on the website randomization.com 
(http://www.randomization.com). The 2 exercise training ses-
sions were conducted with a minimum of 72 h and a maximum 
of 1 week between each session. The resting periods and the 
number of sets were selected following recommendations by 
the American College of Sport Medicine (ACSM) for resistance 
training designed for the development of muscle strength [34]. 
The total volume of training used in this study was based on pre-
vious studies conducted with elderly people [40] with the veloc-
ity of exercise set at 60 °.s− 1, a speed often used for the isokinetic 
testing in both young [41] and older adults [11, 40]. The decline 
of torque between exercise sets, which has been commonly used 
to quantify muscle fatigue in isokinetic testing of older people 
[19], was used for quantification of muscular fatigue during the 
exercise sessions. To avoid circadian influence, participants per-
formed under both conditions at the same time of day.

Participants
All participants were informed of the purpose, procedures, pos-
sible discomforts, risks and benefits of the study prior to signing 
an informed consent form approved by the University Institu-
tional Ethics Committee (Protocol: 126/12). The study was per-
formed in accordance with the ethical standards of this journal 
[20]. The inclusion criteria for participation in the study for the 

BCS group included: age-range 44–65 years, post-menopausal, 
sedentary (not involved in any regular exercise training within 
the past 12 months), cancer therapy completion, including sur-
gery, radiotherapy, and/or chemotherapy, and were at least 6 
months post-treatment. For the CNT group, the criteria for inclu-
sion included: age-range 44–65 years, post-menopausal, seden-
tary, and sufficiently healthy to participate in resistance training. 
The criteria for determining post-menopausal status for both 
groups followed recommendations by the World Health Organi-
zation [29]. Participants were excluded from this study if diag-
nosed with lymphedema (BCS group), advanced hypertension, 
cardiovascular disease, and/or any orthopedic limitation that 
would preclude the ability to complete the study protocol.

Familiarization and warm-up
As part of familiarization with isokinetic knee extension and 
warm-up, volunteers performed 2 sets of 5 knee extension rep-
etitions at 60 °.s− 1 with 1 min rest between sets [30]. 3 min after 
the familiarization/warm-up session, volunteers performed 
either the 1 or 2 min RI exercise training sessions. Both days of 
testing followed the exact same format.

Measurement of isokinetic torque
The isokinetic training session consisted of 3 sets of 10 unilateral 
isokinetic knee extension (right leg) repetitions at 60 °.s− 1. Isoki-
netic PT, as well as TW during knee extension were measured 
using a Biodex System 3 Isokinetic Dynamometer (Biodex Medi-
cal, Inc., Shirley, NY, USA). Subjects were positioned comfortably 
on the dynamometer seat with safety belts fastened to the trunk, 
pelvis and thigh to minimize extraneous body movements 
which could affect the PT and TW output values. The lateral epi-
condyle of the femur was used as a marker to align the knee 
rotation axis and the instrument rotation axis, allowing free and 
comfortable knee flexion and extension from 80 ° flexion to full 
extension. With the subjects positioned on the seat, the follow-
ing measures were recorded: seat height, backrest inclination, 
dynamometer height and lever arm length. These measures 
were recorded during the familiarization session and standard-
ized as the test position for both testing sessions. Gravity correc-
tion was obtained by measuring the torque exerted by the lever 
arm and the subject’s leg at full extension as well as in a relaxed 
position. The values of the isokinetic variables were automati-
cally adjusted for gravity with the software Biodex Advantage 
(Biodex Medical, Inc., Shirley, NY, USA). All these procedures 
have been previously described [9].
The calibration of the Biodex dynamometer was carried out 
according to the specifications contained in the instruction 
manual. For the test, the subjects were asked to cross their arms 
across the chest [39]. During the tests, subjects received verbal 
encouragement throughout the session. The same tester carried 
out the test procedures for all subjects.

Statistical analysis
Data are presented as mean ± standard deviation. The Kolmogo-
rov-Smirnov test was used to determine whether the sample 
data was normally distributed. A 3-way mixed model ANOVA 
[Group (BCS and CNT) vs. Rest Interval (1 and 2 min) vs. set (1st, 
2nd and 3rd)] was used to analyze knee extension PT and TW. In 
the case of significant differences, a LSD post hoc test was used. 
Significance level was set a-priori at P < 0.05.
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Results
▼
The BCS group was selected from 111 medical histories from the 
University Hospital files. After phone contact, 31 BCS volun-
teered to participate in the study protocol. However, only 19 BCS 
met the inclusion criteria and 16 finished the study protocols. 
The CNT group was selected at random from the respondents to 
fliers distributed to social clubs, public offices, and by word-of-
mouth. 25 women volunteered to participate, and 14 met the 
inclusion criteria and finished the study protocol ( ●▶  Fig. 1 for 
Flow of participants enrollment in the study). Participant char-
acteristics are presented in  ●▶  Table 1.
The BCS group participants were 16.2 ± 6.77 months post-treat-
ment. 11 women in the BCS group had undergone surgery, 
chemotherapy and radiation therapy, 3 had undergone surgery 

and chemotherapy, and 2 had surgery and radiation therapy. All 
BCS were undergoing hormonal therapy with tamoxifen during 
the study.
PT and TW for the BCS and CNT group in both 1 min and 2 min RI 
sessions are presented in  ●▶  Table 2.
There were no significant interactions between groups vs. rest 
interval vs. exercise sets for knee extension PT (p = 0.41) or TW 
(p = 0.62). However, there was a significant interaction between 
groups vs. exercise sets (p = 0.03) and rest interval vs. exercise 
sets (p < 0.001) for PT. PT was significantly higher in the CNT 
group in the 1st and 2nd set compared to BCS group (p = 0.012 and 
p = 0.045, respectively). PT was also higher in 2 min rest interval 
condition at 2nd and 3rd set compared to 1 min rest condition for 
both groups (p < 0.001). In addition, PT significantly decreased 
throughout exercise for both groups in both RI (p < 0.05).

Table 1  Participants characteristics.

Groups Age Mean ± SD 

(years)

Height 

Mean ± SD (cm)

Weight 

Mean ± SD (kg)

BMI Mean ± SD 

(kg/m2)

Menopausal status Mean ± SD

BCS (n = 16) 52.0 ± 4.0 152.7 ± 4.8 71.1 * ± 10.9 30.6 ± 4.97 Post-menopausal within the previous 12–84 months 
(23.4 ± 22.12 months)

CNT (n = 14) 53.0 ± 6.0 162.6 ± 7.8 79.8 * ± 9.7 30.1 ± 2.8 Post-menopausal within the previous 12–48 months 
(14.9 ± 9.6 months)

 * Significant different (p < 0.05)

Table 2  Peak torque (PT) and total work (TW) in breast cancer survivors and control group.

Breast Cancer Survivors (n = 16) Control Group (n = 14)

SET 1st 2 nd 3 rd 1 st 2 nd 3 rd

PT (N.m) 1 min 107.6 ± 19.9 97.1 ± 15.9 # 88.0 ± 15.1 *  133.4  ± 20.8 § 118.9 ± 19.6 #§ 108.9 ± 17.2 * 
2 min 106.8 ± 16.7 103.5 ± 16.8 # † 98.6 ± 16.9 * † 135.3  ± 17.1 § 124.3  ± 17.0 # † § 117.5 ± 16.1 * †

TW (J) 1 min 897.4 ± 175.0 791.9 ± 138.4 # 680.5 ± 126.9 *  1158.7 ± 163.2 § 1009.1 ± 163.1 #§ 877.2 ± 143.7 * §

2 min 883.3 ± 175.2 832.2 ± 152.0 # † 786.6 ± 146.0 * † 1171.7 ± 159.4 § 1074.2 ± 146.7 # † § 980.7 ± 188.0 * †§

( * ) p < 0.05, lower than 1st and 2nd set
(#) p < 0.05, lower than 1st set
(†) p < 0.05, higher than 1 min
(§) Higher than breast cancer survivors

Fig. 1  Flow of participant enrollment in the study.

111 breast cancer survivors
identified/assessed through the

University of Brasilia hospital oncology
unit Registry

31 breast cancer survivors replied to a
recruitment phone call

19 breast cancer survivors met the study
criteria for participation; 3 breast cancer

survivors decided not to participate in the
study             (unwilling to travel)

16 breast cancer survivors were
enrolled and completed the study

protocol

CNT Group

25 women replied to
study advertisement
recruitment materials

16 women met the study
criteria for particpation; 2

women decided not to
participate in the study

(unwilling to travel)

14 women were enrolled
and completed the study

protocol

BCS Group
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TW of the knee extensor was significant greater in the CNT com-
pared to the BCS group for all knee extension exercise sets 
(p < 0.001). There was a significant correlation between rest 
interval and exercise sets (p < 0.001). TW was also higher in 
2 min rest interval condition in the 2nd and 3rd set compared to 
1 min rest condition for both groups (p < 0.05). TW significantly 
decreased throughout exercise for both groups in both RI 
(p < 0.05). The percent decline in PT and TW between 1st, 2nd and 
3rd sets were observed in both groups are presented in  ●▶  Table 
3,  4, respectively.

Discussion
▼
Despite the ever-growing number of studies examining the 
effects of exercise in cancer patients, and the promising results 
reported by studies since the mid-80 s, many fundamental ques-
tions including what is the optimum mode, intensity, and fre-
quency of exercise training for cancer patients remain 
unanswered. Until research addresses these fundamental ques-
tions, more specific exercise training guidelines cannot be 
devised.
Most recently, the use of resistance training has been explored 
as a mode of exercise designed to improve muscular fitness (i. e. 
development of strength) as well as provide positive changes in 
body composition [32]. However, in a recent systematic review 
of the literature on the effects of exercise training in breast can-
cer survivors, Battaglini et al. [5] reported that only 7 studies 
[14, 15, 27, 37, 42–44] used resistance exercise as a mode of exer-
cise training. Furthermore, just one study reported the RI used 
[42]. In this study [42], the authors used an RI between sets of 1 
and 2 min following resistance training recommendations set 
forth by the American College of Sports Medicine exercise guide-
lines for healthy adults [34] and for older adults [2]. However, 
taking into consideration that CRF is a very common side effect 
experienced by breast cancer survivors who undergo chemo-
therapy and/or radiation therapy [16], and the potential nega-
tive effects of anti-cancer treatment on muscle physiology, it can 
be speculated that cancer patients may require a different RI 
between sets than that required for healthy adults or older men 
in order to maximize training responses and attain the best pos-
sible benefits from resistance training. There is scientific evi-

dence regarding the benefits and safety of both resistance 
training and aerobic training administered to breast cancer sur-
vivors [36]; however, very few studies have provided detailed 
information on the resistance training regimens; more informa-
tion is available on the RI between sets [1, 15, 25, 28, 35]. An 
adequate interim RI during resistance training is a very impor-
tant variable that can be manipulated to characterize the objec-
tive of the training process, since it can affect metabolic, 
hormone, and cardiovascular responses to acute and chronic 
resistance training protocols [10]. Therefore, the purpose of this 
study was to compare the acute effect of 2 different RI between 
sets of knee extension exercise on muscle strength and muscle 
work capacity in breast cancer survivors and a control group.
In this study, it was hypothesized that PT and TW in BCS would 
be lower than in the CNT group, and 1 min RI would be sufficient 
to recover PT and TW in the BCS group but not in the CNT group. 
This might be due to the possibility of the CNT group being able 
to produce higher PT than the BCS, which would require a longer 
RI in the CNT group to recover before the following exercise set. 
The results of the analyses showed a lower PT and TW in the BCS 
group when compared to the CNT group; however, surprisingly, 
one of the main findings of the present study was that a 2 min RI 
was not sufficient recovery time to allow both the BCS and CNT 
groups to maintain PT and TW during the 3 sets of exercise.
Differing from the results of the present study, Bottaro et al. [9] 
showed that in older men, a significant decline in PT between 
sets was observed when using 1 min RI, whereas there was no 
significant decline in PT with 2 min RI. The difference between 
our study and Bottaro’s is an interesting finding and contra-
dicted our hypothesis. Although the BCS participants in the pre-
sent study produced low levels of force, they needed longer rest 
intervals than the older subjects, and this may be related to 
other physiological factors related to CRF [3]. Unfortunately, CRF 
was not assessed in the present study.
Theou et al. [40], also investigated the effects of 3 different RI (15, 
30 and 60 s) on PT and mean torque using 3 sets of 8 maximal 
isokinetic knee extension/flexion at 60 °.s− 1 in younger and older 
women. According to Theou and colleagues, the recovery time 
between sets of knee flexor exercise was faster among older 
women (30 s) than younger women (60 s). Theou and colleagues 
attributed the fast recovery in older women to the lighter loads 
they achieved during the exercise session. Although Theou et al. 
[40] also investigated postmenopausal women, their results are 
also not in agreement with the findings of the present study.
In another study by Bottaro and colleague [11], the researchers 
reported that 30 s RI between sets was also sufficient to mini-
mize the reduced PT in older men. However, the protocol used in 
Bottaro and colleague’s study [11] evaluated the effect of RI on 
isokinetic testing protocols by using 2 sets of 4 repetitions. Even 
though no direct comparisons can be made between Theou et al. 
[40] and Bottaro [9] studies to the current study, the results of 
the current study suggests that when older men and breast can-
cer survivors perform 10 repetitions of maximal isokinetic knee 
extension/flexion at 60 °.s−  1 a longer RI interval may be needed 
to minimize the decrease in PT between sets.
Repeated muscle contractions during resistance training result 
in muscular fatigue, usually expressed as a reduction in force-
producing capacity. Muscle fatigue response may be influenced 
by the manipulation of resistance training variables, among 
them RI [10]. In our study the TW was significantly greater in the 
CNT than in the BCS group for all knee extension exercise sets; 
TW was also higher in 2 min rest interval condition compared to 

Table 3  Decline ( %) of peak torque (Nm) between 1st, 2nd and 3rd sets for 
breast cancer survivors and control group.

Breast cancer survivors (n = 16) Control group (n = 14)

1 min 2 min 1 min 2 min

1st vs. 2nd set 9.81 % 3.13 % 10.94 % 8.09 %
2nd vs. 3rd set 9.37 % 4.76 % 8.30 % 5.53 %
1st vs. 3rd set 18.27 % 7.74 % 18.33 % 13.17 %

Table 4  Decline ( %) of total work (J) between 1st,2nd and 3rd sets for breast 
cancer survivors and control group.

Breast cancer survivors 

(n = 16)

Control group  

(n = 14)

1 min 2 min 1 min 2 min

1st vs. 2nd set 11.76 % 5.80 % 12.91 % 8.31 %
2nd vs. 3rd set 14.07 % 5.47 % 13.07 % 8.70 %
1st vs. 3rd set 24.17 % 10.95 % 24.29 % 16.29 %
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1 min rest condition for both groups. The lower TW values 
observed in the BCS group may be associated with CRF derived 
from decreased physical activity levels during and post comple-
tion of anti-cancer treatment as well as the direct effect of 
chemotherapy and/or radiation treatments commonly adminis-
tered to breast cancer patients. Furthermore, sleep disturbances, 
dietary intake alterations, and decreased muscle strength are all 
believed to contribute to the development of CRF which could 
significantly alter the BCS response to resistance training [3]. 
However, it is important to emphasize that this study was the 
first to evaluate the effect of RI between sets on muscle perfor-
mance in breast cancer survivors, and therefore, more research 
is needed to confirm or refute the results of this current study.
Unfortunately, due to some study limitations, generalization of 
the results cannot be made at this time. However, this current 
study can be seen as hypothesis-generating, providing initial 
information necessary for the development of future studies 
examining the acute responses of resistance training in breast 
cancer survivors. For future research, it is therefore recom-
mended that a larger sample size, different RI intervals, assess-
ment of CRF, and the evaluation of other muscle groups be taken 
into account. Since all muscles do not appear to be affected in a 
similar manner either qualitatively and quantitatively, and 
changes in different muscles may be influenced by the aging 
process [26] and in breast cancer survivors, the potential influ-
ence of anti-cancer treatments and reduced levels of physical 
activity on muscle integrity [4] should be studied.

Conclusion
▼
The results of this study suggest that breast cancer survivors may 
need a longer rest interval (longer than 2 min) to better recover 
between sets, thus minimizing the drop in PT and TW during 3 
sets of 10 repetitions of maximal isokinetic knee extension/flex-
ion at 60 °.s − 1. Translating the results of this study into practice, 
researchers and strength and conditioning professionals may 
begin to explore different RI intervals when working with breast 
cancer survivors as a means to allow BCS to complete a strength 
training session while maximizing their proposed training goals.
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