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ABSTRACT

Mohamad, NI, Cronin, JB, and Nosaka, KK. The effect of aerobic

exercise during the interset rest periods on kinematics, kinetics

and lactate clearance of two resistance loading schemes.

J Strength Cond Res 26(1): 73–79, 2012—It may be possible

to enhance set and session kinematics and kinetics by

engaging in low-intensity aerobic exercise during the interset

rest period. The purpose of this study therefore was to quantify

the change in session kinematics and kinetics of 35% 1RM and

70% 1RM loading schemes equated by volume, when aerobic

exercise or passive rest was undertaken between sets. Twelve

male student athletes were recruited for this study. Squat

average force, peak force, average power, peak power, total

work, and total impulse were quantified using a force plate and

linear transducer. Blood lactate samples were taken before set

1, after set 1, after set 2, and after the last set performed. No

significant (p , 0.05) differences (0.37–9.24%) were found in

any of the kinematic and kinetic variables of interset after active

or passive interset rest periods. Significant increases (64–76%)

in blood lactate occurred from the inception of exercise to

completion, for both the heavy and light loading schemes.

However, no significant differences in lactate accumulation

were noted, whether active or passive recovery was undertaken

in the interest rest period. It was concluded that active recovery

in the form of low-intensity cycling offered no additional

benefits in terms of lactate clearance and enhancement of

set and session kinematics and kinetics.

KEY WORDS active recovery, rest interval, force, power, work,

impulse, low-intensity aerobic exercise

INTRODUCTION

A
great deal of research work has been conducted to
investigate the work period during resistance
strength training with the intent of maximizing
the mechanical stimuli (e.g., force and time under

tension) that we present to the muscular system. Improving
our mechanical understanding of the training stresses that we
impose upon muscle is important because it is thought that
strength and power adaptation is mediated by mechanical
stimuli and their interaction with hormonal and metabolic
factors. In terms of rest however, apart from research that has
investigated rest durations between sets (1,11,21,22,29), there
has been a paucity of research that has investigated how the
rest period may be optimized to enhance session kinematics
and kinetics. That is, there may be activities that can be
engaged in during the rest period that may enhance the
ensuing set and total workout kinematics and kinetics. The
net result could be a session with increased mechanical,
hormonal, neural, and metabolic outputs and hence the
opportunity for improved strength and power adaptation.
For this to occur, the interset rest period needs to be viewed,
not as a period of passive rest but as a period of recovery, and
then use activities that maximize recovery between work
bouts for a given purpose.

Of interest to this study is whether active recovery in the form
of light aerobic exercise in the interset rest period enhances
session kinematics and kinetics. Engaging in active recovery in
the interset rest period may enhance transport of glucose,
phosphorcreatine regeneration and repletion (36) and positively
influence lactate clearance, without adversely affecting session
kinematics and kinetics (5,17). Studies have shown that active
recovery is an effective means of significantly reducing blood
lactate concentration during recovery and increasing perfor-
mance (5,17) compared with passive recovery. However, we
need to be mindful that acute metabolite buildup may increase
the secretion of various anabolic hormones or lead to a greater
motor unit activation at a given load (14,19,33,34) and in the
long term may contribute to some form of strength and power
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adaptation, for example, hypertrophy (14). Therefore, if
metabolite accumulation is an important mediator for hyper-
trophy by promoting better anabolic hormonal responses, faster
lactate clearance may have a negative influence. Conversely,
a greater mechanical stimulus (higher forces or greater time
under tension) may result from faster lactate clearance and
subsequently provide a better strength and power stimulus.
Consequently, determining whether light aerobic exercise
undertaken in the interset rest period does affect lactate
clearance and enhance session kinematics and kinetics should
be of interest to the strength and conditioning coach. With this
in mind, the purpose of this study is to determine if the lactate
clearance and session kinematics and kinetics of 2 loading
schemes (35 and 70% 1RM) are affected when short-duration
low-intensity aerobic exercise (cycling) is performed during the
interset rest periods. The 35 and 70% loads were used as
indicative of loading commonly used by practitioners when
training power and strength (hypertrophy type loading).

METHODS

Experimental Approach to the Problem

In this acute randomized within-subject crossover design, 12
recreationally trained male student athletes were recruited to
investigate the effects of load on set and session free weight
squat kinematics and kinetics and lactate clearance. Active
(indoor cycling) or passive (standing) rest was undertaken
during the interset rest periods. Two loading schemes were
equated by volume (3 sets of 12 reps at 70% 1RM vs. 6 sets of 12
reps at 35% 1RM) and the dependent variables of interest that
were quantified during the eccentric and concentric phases
were as follows: average force (AF), peak force (PF), average
power (AP), peak power (PP), work (TW), and total impulse
(TI). The average repetition value for each set and the total set
and session values of each of the variables for both the eccentric
and concentric phases were then used for statistical analysis.

Subjects

Twelve recreationally trained male athletes volunteered to
participate in this research. Subject mean (6SD) age, height,
mass, and 1RM squat strength were 26.0 (3.5) years, 173.4
(5.9) cm, 79.3 (10.2) kg, and 119.8 (30.5) kg, respectively. All
the subjects recruited were considered injury free as indicated
by no lower limb and spine injury record for the past 2 years.
The subjects completed an informed consent form before the
experiment. Ethics approval from the Human Research
Committee of Edith Cowan University was also obtained
before commencing the study.

Equipment

The subjects performed the squat on a force plate (400 Series,
Fitness Technology, Adelaide, Australia) supported by a Power
Cage (FT 700, Fitness Technology). The Olympic bar was
interfaced with the Ballistic Measurement System (BMS,
Fitness Technology), which consisted of a position transducer
(Celesco, PT5A-0150-V62-UP-1K-M6, Chatsworth, CA,
USA), computer interface (XPV Interface, Fitness Technology),

and the BMS software (BMS, Version 2007.2.3, Innervations,
Adelaide, Australia). The sampling frequency of the BMS
system was set at 200 Hz. Rest period duration was determined
by an electronic stopwatch. Cycling was performed on a cycle
ergometer (Repco, Australia) placed next to the power cage
where the subjects performed the squat. Cycling exercise heart
rate was monitored using a Polar heart rate monitor (Polar
S810, Pursuit Performance Pty Ltd, Adelaide, Australia).

Finger prick blood lactate samples were collected and
analyzed using spring loaded lancets, test strips, and a lactate
analyzer (Lactate ProTM LT 1710, Arkray Factory, Inc., Kyoto,
Japan).

Procedures

The procedures involved one familiarization and 4 testing
sessions. The testing sessions were randomized to eliminate
any learning, order, or fatigue effects that could confound the
statistical analysis. A minimum of 72 hours’ rest was given
between all sessions to ensure full recovery. The participants
were asked to replicate exercise and dietary intake 24 hours
before each testing occasion.

Preliminary Assessments and Familiarization. During the first
session, technique and maximum squat strength (1RM) were
assessed and anthropometric measurements taken. The anthro-
pometric variables of interest included standing height
(centimeters) and body mass (kilograms). Movement for the
half-squat was analyzed, and corrections to technique were
made as necessary. Half-squat 1RM was determined according
to standardized procedures. The participants were asked to
provide their estimated half-squat 1RM based on their past
performance. A 5-minute general warm-up was undertaken.
Each participant was then required to perform 2 warm-up sets of
8 reps at 50% of estimated 1RM and 3 reps at 70% of estimated
1RM, respectively. After a 5-minute rest, each subject’s 1RM was
determined (4- to 5-minute rest in between 1RM lifts).

Squat Technique. The squat movement began from a standing
position with the feet approximately shoulder width apart.
The squat was initiated by a controlled downward eccentric
knee bend until the top of the thighs became parallel to the
floor, which was followed by a concentric phase.

Cycling Exercise. Cycling exercise was undertaken during the
90-second interset rest period at a self-selected resistance with
velocity between 50 and 70 rpm and heart rate response of
50–60% of the maximum heart rate (MHR), this intensity
having been reported as a suitable warm-up intensity (12,13).
The MHR was calculated using the following equation:
MHR = 205.8 2 (0.685 3 age) (30).

Intervention. The subjects were randomly allocated to 1 of 4
interventions (35% of 1RM [active and passive recovery] and
70% of 1RM [active and passive recovery]). The participants
warmed up as described previously before each testing
session, for example, jogging and warm-up sets. The subjects
then performed either 6 sets of 12 reps at 35% of 1RM or 3 sets
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of 12 reps at 70% of 1RM loading. A 90-second interset rest
period was used for all conditions. For the active recovery
intervention sessions, the subjects used the 90 seconds of the
rest period to cycle on the cycle ergometer as described
previously, before continuing the next squat set.

Statistical Analyses

The force plate was synchronized with a linear position
transducer attached to the bar to measure the various
dependent variables of interest. Data were collected with an
analog-to-digital conversion rate of 200 Hz. Displacement
data from the linear position transducers were smoothed with
a cut-off frequency of 10 Hz using low-pass fourth order
Butterworth filter. The eccentric (maximum to minimum
vertical displacement) and concentric (minimum to maxi-
mum vertical displacement) phases were determined from the
linear position transducer. All variables of interest (AF, PF,
AP, PP, TW, and TI) were calculated for each eccentric and
concentric contractions for each repetition, and for each set
and session involved, via the BMS software data analysis
program. System mass was used (sum of external load and
body mass) in the force calculation of the BMS. The reliability

and validity of the force plate and position transducers used in
this study have been widely established via many similar
previous studies (6,8,9,31), with reliability and validity report
of the BMS measurement being also available within the
manufacturer’s website at http://www.innervations.com/
ballistic/validationofsystem.htm.

The average repetition value for each set was calculated and
used for the repetition analysis (Tables 1 and 2). The summed
repetition and set values for each session were used as the
total session kinematics and kinetics and compared between
loading schemes (Tables 3 and 4).

Finger prick blood samples (5 mL) for lactate concentration
were collected before set 1, after set 1, after set 2, and after the
last set performed using the method as described by Corder
et al. (5). Collected finger prick blood samples were
immediately placed on test strips and analyzed using the
lactate analyzer for lactate concentration. After completing
the exercise sets, the subjects waited passively in the
laboratory until all data were collected.

Means and SDs were used to represent centrality and
spread of data. The analysis of interest was whether the
aerobic intervention affected the session kinematics and

TABLE 1. Average total eccentric values (mean 6 SD) for the 35% 1RM schemes with active and passive recovery
intervention in between sets.*

Variable 35% 1RM (passive) 35% 1RM (active) % Difference Significance

Average force (N) 4,729 6 2,371 4,996 6 2,056 5.34 0.495
Peak force (N) 14,623 6 2,037 14,248 6 2,374 2.56 0.214
Average power (W) 10,907 6 2,628 10,319 6 2,202 5.39 0.165
Peak power (W) 21,313 6 6,134 19,980 6 4,850 6.25 0.211
Total work (J) 5,483 6 845 5,342 6 890 2.57 0.477
Total impulse 7,794 6 1,295 7,605 6 1,580 2.42 0.437

*1RM = 1 repetition maximum.

TABLE 2. Average total concentric values (mean 6 SD) for the 35% 1RM schemes with active and passive recovery
intervention in between sets.*

Variable 35% 1RM (passive) 35% 1RM (active) % Difference Significance

Average force (N) 13,965 6 1,837 14,017 6 2,213 0.37 0.861
Peak force (N) 22,318 6 3,329 21,413 6 2,983 4.06 0.100
Average power (W) 10,753 6 2,015 10,166 6 2,002 5.92 0.104
Peak power (W) 22,178 6 6,220 20,665 6 5,916 6.82 0.138
Total work (J) 103,169 6 20,676 97,644 6 21,516 5.36 0.212
Total impulse 7,064 6 1,326 6,860 6 1,545 2.89 0.439

*1RM = 1 repetition maximum.
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kinetics of each loading scheme (i.e., 35% 1RM with and
without cycling and 70% 1RM with and without cycling).
With this in mind, Paired sample t-test comparisons were
used to determine if significant differences existed between
the dependent variables (eccentric and concentric AF, PF,
AP, PP, TW, and TI) across the 2 loading schemes. The
percent difference between loading schemes were calculated
(% Difference = (1 2 Lowest Variable/Highest Variable) 3

100. Repeated measures analyses of variance with post hoc
contrasts were used to determine if significant differences
existed across time points for the lactate measurements. An
alpha level of 0.05 was set to assess the statistical significance
for all tests.

RESULTS

As can be observed from Table 1 (eccentric contraction) and
Table 2 (concentric contraction), the percent differences
between variables for the 35% 1RM condition ranged from
0.37 to 6.82%, and most of the variables apart from AF (5.34%)
were less after the active recovery intervention. However, none
of these differences were statistically significant.

With regards to the 70% 1RM condition, it can be
observed from Table 3 (eccentric contraction) and Table 4
(concentric contraction) that the differences between
variables for the 70% 1RM condition ranged from 1.68 to
13.9%. Except for TW, all other variables in both the
eccentric and concentric phases were greater after the
cycling intervention. Once more, none of these differences
were statistically significant.

In terms of blood lactate accumulation and clearance,
nonsignificant differences in lactate levels for both the 35 and
70% 1RM loading were found when both active and passive
recovery methods were used. These nonsignificant differ-
ences were found between all time points (i.e., before and post
each set) and ranged from 0.15 to 27% (Tables 5 and 6).
However, blood lactate levels were found to significantly
increase (;65–77%) from the inception of exercise across the
time points for both loadings either with or without active
recovery. Interestingly, lower levels of lactate accumulation
(;65–68%) were associated with the lighter loading scheme
even though both loading schemes were equated by volume
(p , 0.05).

TABLE 3. Average total eccentric values (mean 6 SD) for the 70% 1RM schemes with active and passive recovery
intervention in between sets.*

Variable 70% 1RM (passive) 70% 1RM (active) % Difference Significance

Average force (N) 12,654 6 3,506 13,440 6 5,894 5.85 0.641
Peak force (N) 19,126 6 3,136 19,816 6 5,990 3.48 0.637
Average power (W) 7,521 6 1,535 7,805 6 3,213 3.64 0.732
Peak power (W) 14,395 6 2,921 14,966 6 5,508 3.82 0.664
Total work (J) 6,948 6 2,119 7,179 6 3,220 3.22 0.761
Total impulse 17,455 6 5,659 19,232 6 8,248 9.24 0.296

*1RM = 1 repetition maximum.

TABLE 4. Average total concentric values (mean 6 SD) for the 70% 1RM schemes with active and passive recovery
intervention in between sets.

Variable 70% 1RM (passive) 70% 1RM (active) % Difference Significance

Average force (N) 18,831 6 3,151 19,152 6 6,391 1.68 0.835
Peak force (N) 23,384 6 2,956 23,835 6 6,177 1.89 0.781
Average power (W) 8,789 6 1,320 9,441 6 3,336 6.91 0.472
Peak power (W) 16,507 6 3,545 18,066 6 6,464 8.63 0.328
Total work (J) 96,523 6 19,704 83,097 6 42,260 13.9 0.577
Total impulse 14,321 6 4,402 15,230 6 6,671 5.97 0.502

*1RM = 1 repetition maximum.
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DISCUSSION

Although the effectiveness of active recovery after moderate-
duration exercise is well documented (2,10,20,25), few
investigations (4,32,37) have determined the impact of
short-duration active recovery (,10 minutes) on high-
intensity exercise, and most of these studies are not specific
to resistance strength training nor have they investigated
active recovery specific to the 60- to 90-second interset rest
periods used in this study. This study found that low-intensity
aerobic exercise performed during the interset rest period did
not have a statistically significant influence on the kinematics
and kinetics of the ensuing sets. Our results also indicated
that blood lactate accumulation and clearance remained
relatively similar irrespective of the type of recovery (active
vs. passive) and training load (35 vs. 70% 1RM). An elevation
in lactate levels was observed in both loading schemes;
however, the magnitude of this increase was less in the light
load scheme.

Previous studies have found that active recovery increased
blood flow to the previously exercised muscle and was more
effective compared with short-term body massage and
passive rest in improving lactate removal (4,16). Hannie
et al. (17) found that active recovery was more effective in
clearing lactate and producing greater isometric force as

compared with passive rest. However, the effect of active
recovery on session kinematics and kinetics and lactate
clearance was not statistically different (p . 0.05) to passive
rest in this study. The differences between the findings of this
study and those of other studies may be explained by the
methodological design differences. For example, Hannie et al.
(17) did not equate workload, because the maximum number
of exercise repetitions performed was of primary importance
in their study. Furthermore, the differences in work:rest ratios
make comparisons between studies difficult.

Even though no significant differences were found in
session kinematics and kinetics when active recovery was
used in the interset rest period, this does not preclude the
contention that other benefits may be afforded by performing
light aerobic exercise between sets. For example, aerobic
exercise that has increased and maintained muscle temper-
ature has been shown to enhance neural transmission (15,24),
increase muscle compliance (23), and improve mechanical
efficiency (3).

It should be realized that the methodology used in this
study is only a snapshot of what typically occurs in a resisted
strength training session. For example, a typical hypertrophy
loading scheme would be characterized by a greater volume
and can include at least 6–8 exercises per session, the total sets

TABLE 6. Average blood lactate accumulation values (mean 6 SD) for the 35% 1RM loading scheme before and after
active and passive recoveries.*

Set 35% 1RM (passive) 35% 1RM (active) % Difference Significance (t-test)

Before set 1 1.58 6 0.63 1.58 6 0.40 0 0.967
Post set 1 3.59 6 1.60 2.62 6 0.36 27.0 0.084
Post set 2 4.13 6 1.15 3.56 6 0.63 14 0.244
Post final set 4.93 6 1.80 4.47 6 0.68 9.00 0.378
% Difference 68.0 64.7

*1RM = 1 repetition maximum.

TABLE 5. Average blood lactate accumulation values (mean 6 SD) for the 70% 1RM loading scheme before and after
active and passive recoveries.*

Set 70% 1RM (passive) 70% 1RM (active) % Difference Significance (t-test)

Before set 1 1.75 6 0.56 1.55 6 0.56 11.0 0.420
Post set 1 4.38 6 1.16 5.37 6 2.79 18.0 0.179
Post set 2 5.64 6 1.21 5.84 6 1.69 3.00 0.693
Post final set 6.67 6 1.67 6.66 6 1.93 0.15 0.984
% Difference 73.8 76.7

*1RM = 1 repetition maximum.
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per session could be between 24 and 32 sets per session
(7,8,18,26–28). This combined with interset rest periods of
approximately 60–90 seconds results in total session
durations of at least 60 minutes and total session recovery
of approximately 24–40 minutes. Implicitly in this is that
a great deal of more work is performed in a typical training
session, and with the possibility of 30–40 minutes of aerobic
exercise, the results of this study then, will not be able to be
generalized into a typical training session as the acute
adaptations may differ markedly.

Another limitation of this study revolves around de-
termining the individual appropriate aerobic threshold that
might stimulate the sought-after adaptations. That is, subjects’
exercise intensity was self-selected and therefore might not
have been appropriate to stimulate the required adaptation,
that is, better kinematics and kinetics and lactate clearance.
Furthermore, finding appropriate aerobic thresholds that
positively influence hormonal, metabolic, neural, and me-
chanical responses certainly needs investigation.

Even though both the loading schemes were equated by
volume, significantly lower lactate levels were associated with
the lighter load intervention. Heavier loading has long been
found to elicit greater metabolic stress (35) and trigger higher
rate of anabolic hormones secretion (14,19,33,34). Therefore,
if metabolite accumulation is an important mediator for
adaptation such as hypertrophy by promoting better
anabolic hormonal responses, the heavier loading scheme
would seemingly optimize this response, because faster
lactate clearance may have a negative influence. Conversely,
a greater mechanical stimulus (higher forces or greater time
under tension) may result from faster lactate clearance and
provide a better strength stimulus. However, longitudinal
studies need to be conducted before this contention can be
ascertained.

PRACTICAL APPLICATIONS

Currently, most typical resistance loading schemes use
passive recovery in between sets. It was thought that active
recovery using low-intensity aerobic exercise may have
beneficial effects for a training session in terms of better
lactate clearance and enhanced session kinematics and
kinetics. Even though this was not found to be the case in
this study, the strength and conditioning coach should not
dispel the utility of such a practice, given the limitations of
this study. Some of the benefits of including light aerobic
activity in the interset rest period that were not measured
include improved substrate repletion; increased anabolic
hormonal responses; improved neural transmission; in-
creased muscle compliance; and, improved mechanical
efficiency. However, whether such adaptations occur is no
doubt dependent on the intensity and the duration of the
aerobic activity used in the interset rest period. Finding
individualized aerobic thresholds that positively influence
hormonal, metabolic, neural, and mechanical responses
certainly needs a great deal more research. In the first

instance, it needs to be determined whether such interset
aerobic activity (individualized thresholds) negatively influ-
ences total session kinematics and kinetics. If there is no
significant decrease in session kinematics and kinetics, then
the acute effects of interset aerobic activity on the variables
of interest need investigation. Finally, longitudinal studies are
needed to quantify the change in the variables of interest
using such recovery periods.
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