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Introduction

Reductions in muscle glycogen content have been shown to 
compromise resistance exercise (RE) performance1-3, typically 
performed by short-term contractions of relatively high intensity 
against an external resistance4. Carbohydrate supplementation 
(CS) attenuates reductions in muscle glycogen content during 
RE, which could result in improved performance5. However, 
the data in the literature are conflicting5-9 which causes uncer-
tainty regarding the efficacy of CS as an ergogenic aid in this 
type of exercise.

Haff et al.3 observed during the second session of a training 
day a significant improvement of multiple sets of squat exercise 
performance to exhaustion at 55% of one repetition maximum 
(RM) when CS was ingested by the participants compared to 
placebo. Conversely, no improvement was observed in squat 
at 85% of 1RM until voluntary failure with CS9. Additional 
investigation8 have reported no significant alteration in the 
number of repetitions (performance evaluation) in a bout with 
seven REs performed at 70% of 1RM when resistance-trained 
individuals ingested CS or placebo.

The effects of CS on isokinetic exercise performance are also 
contradictory5,7,10. Previous research7 indicate that the use of this 
supplement during high-volume isokinetic exercise allows more 

total work. However, the CS prior to a free-weight RE bout did 
not result in improved performance of subsequent isokinetic 
exercise10. Likewise, no effect of CS on isokinetic exercise 
performed after three isotonic RE bouts was reported although 
significantly lower glycogen degradation was observed in the 
CS condition compared to the placebo5.

These contrasting results may be related to different exercise 
protocols and the supplementation employed, as well as the 
type of exercise used (isokinetic or isotonic)11. Furthermore, 
the duration of exercise seems to be an important factor for the 
potential ergogenic effect of CS to occur, since protocols with 
durations longer than 40 minutes could result in a greater volume 
of exercise generating greater stress of the glycolytic system11,12 
with greater decreases in muscle glycogen content occur when 
high volume training with moderate loads is employed13.

It is also interesting to note that in the majority of cases, 
these investigations7-10 have focused on the effect of this sup-
plement on external load parameters, with little information on 
the effect of CS on internal load parameters, for example, the 
rate of perceived exertion14,15.

To investigate the effect of prior carbohydrate supplemen-
tation on both external load and internal load parameters on 
RE, further investigations are required and the use of isoki-
netic dynamometer may help in understanding the effects of 
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supplementation on specific muscle groups (and not only on 
specific exercises) and on conditions related to muscle fatigue 
with accuracy, once the isokinetic testing has been regarded as 
a principal method to evaluate muscle function16. Thus, the aim 
of the present study was to examine the effects of previous car-
bohydrate supplementation on the performance of high-volume 
isokinetic leg exercise as well as the internal load parameter 
assessed through the session rate of perceived exertion.

Methods

Participants

Twenty male physically independent adults aged ≥ 18 years 
voluntarily participated in this study. Subjects with diabetes 
mellitus, current smokers, individuals with musculoskeletal 
injuries and diagnosed clinical pathologies and/or cardiovascular 
changes confirmed by medical evaluation and ingestion of any 
other dietary supplements for a minimum of 12 weeks before 
the initiation of this study were excluded.

This study was conducted according to the guidelines laid 
down in the Declaration of Helsinki and all procedures involving 
human subjects were approved by the Research Ethics Committee 
of the Sao Judas Tadeu University, number 786.06-2014. Written 
informed consent was obtained from all subjects.

Anthropometric measurements

Anthropometric assessment was performed following the 
model previously outlined by our group17. Briefly, height was 
measured with a Cardiomed stadiometer (WCS model), with a 
115/120 cm range. The measurement was performed with the 
cursor placed at a 90º angle with the scale in the upright posi-
tion, and feet placed together in contact with the stadiometer. 
Subjects were instructed to hold their breath and keep the head 
parallel to the ground. Weight was measured with a calibrated 
electronic scale (Filizola - Personal Line Model 150), with a 
range of 100 g, and maximum capacity of 150 kg. Body mass 
index was calculated and recorded from the equation kg/cm2.

Procedures

Carbohydrate supplementation

All participants were instructed to eat as they normally 
would in preparation for a fatigue protocol and to replicate the 
same dietary strategy before each trial. Participants recorded 
their intake on the day leading up to each trial. All subjects 
presented adequate energy intake in agreement to according to 
previously recommendations18.

This was a double blind, randomized, placebo-controlled 
crossover study. During the study, the participants were asked 
to maintain their dietary patterns and abstain from other nutri-
tional supplements, nonprescription drugs, and caffeine. Prior 

to the testing, each participant was randomly assigned to either 
the placebo or carbohydrate (maltodextrin) supplementation 
(CS) approach. The carbohydrate supplementation (6% - 60g 
of maltodextrin. L-1) was adapted from the previous studies5,19. 
The placebo or CS were the same color, flavor, and consistency, 
and were administered for all groups and administered in water 
(500 ml) 60 minutes before the fatigue protocol.

Fatigue induction protocol

The experimental fatigue protocol design is according 
to previous publications of our group17. Briefly, all subjects 
attended in the laboratory four times to perform the isokinetic 
evaluation by using a Biodex System 3 (Biodex, Inc., Shirley, 
NY) at the same time in all experimental condition (from 14 
to 16 pm). The validity coefficient of this instrument is 0.99, 
and the reproducibility measuring peak torque during knee 
extension was 0.92 at younger’s subjects. On the first day, the 
subjects signed consent forms and completed the International 
Physical Activity Questionnaires (IPAQ). On the second day, the 
anthropometric data (height, and weight) was evaluated. On the 
third and fourth day, the subjects were placed on the Isokinetic 
Dynamometer in a comfortable, upright, seated position for 
familiarization procedures. Straps were used to fix the thigh, 
pelvis, and trunk to prevent extraneous body movement. The 
axis of the dynamometer was aligned with the axis of right knee 
joint rotation. Arms were placed across the chest with hands 
grasping the straps.

The experimental protocol consisted of tests of maximum 
voluntary isometric contraction (MVIC) and dynamic protocol. 
The MVIC tests were performed before (pre-MVIC test) and 
after (post-MVIC test) the dynamic protocol and consisted of 
the execution of three maximal isometric contractions of the 
dominant leg knee extensors with duration of five seconds and 
five minutes of recovery intervals between contractions. Five 
minutes recovery intervals separated the MVIC tests from the 
dynamic protocol. The determination of the MVIC of the knee 
extensor muscles was performed on the two days of intervention. 
For the isometric tests, the participant’s knee was positioned at 
an angle of 60º, considering the 0º point a total knee extension.

For the dynamic protocol, ten sets of eight repetitions of 
concentric knee extension/flexion at 120o.s-1 were performed. 
The knee joint range of motion was 90 to 10º of knee flexion. 
The calibration of the Isokinetic Dynamometer was performed 
according to the specifications of the manufacturer before 
each test, and finally, on the fourth day, the fatigue protocol 
was performed. All testing and experimental procedures were 
performed at the same time of day to exclude diurnal variation.

Perceived exertion and training load evaluation

In both experimental treatments, session rate of perceived 
exertion (internal load) in arbitrary units was calculated by 
multiplying the duration of the session by perceived exertion 
(CR-10 scale) evaluated 30 minutes after the end of the session20.
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Statistical analysis

The analyses were performed using the IBM SPSS Statistics 
version 21.0 (SPSS, Chicago, IL, USA). The D’Agostino-
Pearson was used to test the normality of the data distribution. 
The Student’s t-test was used to compare the variables of pre 
e post MVIC test. The two-way repeated-measures analysis of 
variance (ANOVA) design followed by a post-hoc Bonferroni 
was used to compare group (CS and placebo) vs sets (multiple 
comparisons). The effect sizes (ES) were calculated, and evalu-
ated based on the following criteria proposed by Rhea21: < 0.50 
trivial, 0.50 to 1.25 small, 1.25 to 1.9 moderate and > 2 large. 

Data are expressed as the mean and standard error of the mean, 
and the significance level was set at p <0.05.

Results

No participants experienced any injuries before, during or 
after both fatigue protocols. The biometric and physical activity 
level parameters assessed are described in Table 1. No differ-
ence (p> 0.05) was found on energy intake independently of 
experimental condition (No Carbo: 2680 ± 340, Carbo: 2750 
± 480; Kcal)

Figure 1. Values expressed in mean ± SD of isometric peak torque (panel A) and rate of torque development (Panel B) before and after fatigue 
induction protocol after placebo or carbohydrate supplementation intake.
* significantly different from before (p=0.01).
†significantly different from no carbo (p=0.01).

Table 1.  Sample characteristics.

Parameters Mean ± SD 95% of IC
Age (years) 25.13 ± 4.35 21.48 - 28.77
Body mass (kg) 76.25 ± 7.59 69.90 - 82.60
Height (cm) 1.77 ± 0.06 1.72 - 1.83
BMI (kg/cm2) 24.00 ± 1.06 23.11 - 24.89
Physical activity level (min/week) 309.83 ± 1.06 239.90 – 367.90

Values are presented as mean ± standard deviation. BMI: body mass index.

As showed in Figure 1 a significant difference (p <0.001) 
was observed in the isometric peak torque with CS prior to the 
fatigue protocol. After the fatigue protocol, significant reductions 
(p <0.001) were found in both isometric peak torque and rate 
of torque development after the CS and placebo approaches. 
However, placebo presented a greater (p <0.001) impairment 
in isometric peak torque (before: 321 ± 74 Nm, after: 144 ± 57 
Nm) and in rate of torque development (before: 137 ± 54 Nm/s, 
after: 33 ± 13 Nm/s) compared to CS treatment, isometric peak 

torque (before: 343 ± 68 Nm, after: 238 ± 61 Nm) and rate of 
torque development (before: 137 ± 51 Nm/s, after: 67 ± 24 Nm/s). 
No significant interactions were found on isometric peak torque 
(interaction: 17.62, F: 0.6450, p= 0.7134) and rate of torque 
development up from the chair test and arm flexion (Interaction: 
10.20, F: 0.3351, p= 0.9261). The analysis of the effect size and 
both isometric peak torque and rate of torque development param-
eters of placebo (2.39, 1.92) and CS (1.54, 1.37) presented large 
effects, however, the alterations of placebo were more evident.
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Significant differences (p <0.001) were found in the absolute 
torque in both CS and placebo after the second set in both con-
centric (Figure 2A) and eccentric (Figure 2C) muscular action. 
Significant differences (p <0.001) were observed in the peak 
torque between the treatments, with and without CS from the 
second set in both concentric (Interaction: 39.81, F: 20.10, p= 
0.004) and eccentric (Interaction: 17.42, F: 4.766, p= 0.0443) 
actions. However, there were no significant differences (p> 0.05) 
in the slope of the force-repetition curve in either the concentric 
(placebo: -10.67 ± 1.97; CS: -7.44 ± 4.58; Nm/set) or eccentric 
action (placebo: -15.24 ± 7.82; CS: -12.28 ± 4.45; Nm/set). In 

addition, no differences were found between the muscle action 
lines independent of the CS.

A significant percentage reduction (p <0.001) was found 
after 10 sets in the maintenance of concentric and eccentric 
torque, respectively, in both the placebo (concentric: -43 ± 9, 
eccentric: -49 ± 17) and CS (concentric: -23 ± 11; eccentric: 
-35 ± 12) as shown in figures 2B and 2D. The analysis of the 
effect size of both muscle action of peak torque of placebo 
(3.36, 2.91) and with CS (1.17, 2.18) presented large effect; 
however, such as isometric peak torque, the alterations of CS 
were more evident.

Figure 2. Values expressed in mean ± SD of decline of concentric (panel A) and eccentric peak torque (panel C) during 10 sets of isokinetic mode 
knee extensions at 120º sec-1 and perceptual changes of concentric (panel B) and eccentric peak torque (panel D) after fatigue induction after 
placebo or carbohydrate supplementation intake.
*significantly different from 1ª set (p=0.01).
†significantly different from no carbo (p= 0.01).
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Additionally, as shown in figure 3, the CS present less (p <0.05) 
internal load (787 ± 83 au) compared to placebo (950 ± 75 au).

Discussion

The purpose of the present study was to examine the effects 
of previous carbohydrate supplementation on high-volume isoki-
netic leg exercise performance. Two important points should 
be addressed to clarify this study. First, according to Hofman, 
Van Buul, Brouns22 the maltodextrins was used in the present 
study due to fast digestibility and absorption in the small intes-
tine and subsequently used in metabolism. Second, although 
isokinetic actions are not common everyday actions, the use 
of isokinetic dynamometry allows the continuous monitoring 
of external load of exercise with greater accuracy of musculo-
skeletal performance16.

As expected, the fatigue protocol resulted in significant 
decrease in concentric and eccentric peak torque values, with 
or without carbohydrate supplementation. However, the main 
finding of this study was that both concentric and eccentric 
peaks brought about an attenuation of the fatigue process after 
the CS compared with placebo.

The high-volume moderate-load ERs are partially dependent 
on the muscular glycogen store, with several investigations1,2 
showing a reduction in the content of this substrate after multiple 
sets of ERs and, therefore, the improvement of the performance 
we observed may have occurred due to the smaller reduction of 
muscle glycogen content after CS5.

Additionally, the ergogenic effect of supplementation may also 
have occurred due to a lower rate of glycogenolysis resulting from 
increased glycogen synthesis during the rest intervals between 
sets5,23 since the protocol consisted of 10 sets with 45 seconds of 
rest between them. However, it is important to note that the content 
of this substrate was not evaluated in the present investigation.

The data about the effect of carbohydrate supplementation on 
neuromuscular performance using the isokinetic evaluation are 
contradictory and inconclusive5,7,10. Although the use of isoki-
netic dynamometer may help in understanding the conditions 
related to muscle fatigue with accuracy allowing to verify some 
muscular characteristics as the torque16, in isokinetic exercise the 
force is only applied during a relatively small range of motion, 
which can result in a decreased amount of work (compared with 
isotonic exercise) and mask the potential ergogenic effect of 
supplementation24. In addition, the discrepancies found in both 
isokinetic protocols and conventional RE (e.g., free-weights) 

6,8,9 can be attributed to the total duration of the session since 
the amount of glycogen utilization seems to be influenced by 
the duration of the protocol. Indeed, a greater ergogenic effect 
in response to CS occurs in protocols of longer duration12.

However, our findings challenge this premise because the 
ergogenic effect of supplementation was demonstrated even 
with an isokinetic exercise protocol with a total duration of 
only 29 minutes. Previous studies have showed improvement 
in performance after approximately 57 minutes7 and 56 minutes6 
whereas another study25 failed to find an improvement in exercise 
after approximately 35 minutes.

Consistent with our findings, Haff, Schroeder, Koch, 
Kuphal, Comeau, Potteiger7 also observed improvement in the 
performance of isokinetic leg exercise with CS. In the study in 
question, a significantly greater amount of work was observed 
during the performance of 16 sets of 10 repetitions at 120º s-1, 
in knee extension and flexion with CS compared with placebo. 
In contrast with the present study, the supplementation protocol 
in Haff, Schroeder, Koch, Kuphal, Comeau, Potteiger7 was 
performed both before and during exercise, and as mentioned, 
exercise duration was longer (57 min). Thus, it is possible that 
the ergogenic effect of CS may be associated with the high 
volume of exercise performed, and not necessarily the duration 
of the effort or the supplementation mode.

In the present investigation, the MVIC test was performed 
before and after the dynamic fatigue protocol. The concentric 
and eccentric peak torque values did not differ in the MVIC 
pre-dynamic protocol between treatments, indicating that the 
isometric strength and the ability to produce maximum activation 
in the initial phases (rate of torque development) of the exercise 
were not affected by the supplementation. The short duration of 
effort in the MVIC test may explain the results observed, since 
most of the energy required for short-term muscle contraction 
is available from the ATP-CP pathway and not from the glyco-
lytic system, and therefore the muscle glycogen content is not 
significantly reduced1. However, after the dynamic protocol, 
both concentric and eccentric peak torques were less compro-
mised when subjects were supplemented with carbohydrate, 
demonstrating the ergogenic effect of CS.

After the dynamic protocol, it is likely that the MVIC test 
was performed with the greater participation of the glycolytic 
system and, therefore, a lower decrease of muscle glycogen 
content when subjects were supplemented with carbohydrate and 
may have resulted in lower isometric peak torque impairment. 
Although related to prolonged exercise, the positive effect on the 
central nervous system (central fatigue attenuation) associated 

Figure 3. Values expressed in mean ± SD of internal load in arbitrary 
units evaluated 30 minutes after the end of the session after placebo 
or carbohydrate supplementation intake. au: Arbitrary units
*significantly different from no carbo (p= 0.005).
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with carbohydrate intake may have contributed to the higher 
rate of torque development in this situation5.

Compared to placebo, the CS attenuated the internal load 
evaluated through session rate of perceived exertion, which 
was indicated as a valid method to monitor the intensity of the 
exercise session20. Some studies have investigated the effect of 
CS on the rate of perceived exertion responses in endurance 
exercises14,26 with less attention given to REs15.

For example, the attenuation of the rate of perceived exer-
tion in the final phase (last 30 min) of prolonged running (3 h) 
on the treadmill after CS was attributed to a greater use of the 
blood glucose available by carbohydrate intake14. However, 
no relationship was found between CS and rate of perceived 
exertion (Borg 6-20 scale) during RE with a duration of 2 h15. 
The mechanisms pointed to attenuation of the rate of perceived 
exertion response in the endurance exercises15 are difficult to 
extrapolate to the REs, which could be characterized by short 
and intermittent efforts with greater anaerobic contribution4.

Conclusions

In conclusion, the present findings suggest that previous 
carbohydrate supplementation may attenuate the muscle fatigue 
process in a high-volume isokinetic leg exercise and result in 
lower session rate of perceived exertion, even with total exercise 
duration of fewer than 40 minutes. However, considering the 
small number of studies examining the effects of CS on the rate 
of perceived exertion in resistance training, future investigations 
in this area are necessary. Our data also suggest that the previ-
ous supplementation with carbohydrate is essential for better 
performance in REs since when individuals followed their usual 
diets a greater impairment in performance was observed. The 
potential ergogenic effect of CS can ultimately allow individuals 
who perform REs to train at higher intensities or do more work 
during daily training sessions, enhancing the physiological 
adaptations that are associated with resistance training.
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