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The comparison of three type of exercise sequence

on maximum strength in untrained young men
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Annotation:

Aim: The purpose of this study
is comparison of three type of
exercise sequence on maximum
strength in untrained young
men after 8 weeks of resistance
training. Methods: Prior to the
training  program, participants
were randomly assigned to three
groups. One group began with
upper to lower body (G1) while
another performed lower to upper
body (G2) or one exercise in
upper body and one exercise in
lower body order (G3). Training
frequency was three sessions
per week with at least 48 h of rest
between sessions for a total of 24
sessions in the 8-week period.
One repetition maximum (1RM)
was assessed for all exercises
at baseline and after 8 weeks
of training. Results: The results
indicate that the maximum strength
increased after all sessions, but
the increase was not significantly
difference between groups (p <
0.05). These results indicate that
performing exercises first in upper-
body/lower-body or alternate in a
bout of resistance exercise was
not to leads difference in maximum
strength.  Conclusions: These
results indicate that one exercise
in upper body and one exercise
in lower body order not provided
greater strength gains than both
muscle group upper and lower
body exercises (p < 0.05).
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Kaszem Cotoopex, Aniakbap Anisagex,
Baxman Mip3aei. lMopiBHAHHA TpbOX
TUMNIB MOCNIAOBHOCTI BrpaB Ha MaKcu-
MarnbHYy CuUny y HeTpeHOBaHUX MOJo-
aux vonosikiB. Mema: Metoto pgaHoro
[OCMiAKEHHS € MOPIBHAHHA TPbOX TUNIB
nocnigoBHOCTI BMpaB Ha MakcuMarbHy
Cuny y HETPEHOBaHUX MONOAMX YOOBIKiB
nicnsi 8 TWXKHIB TPEHyBaHb 3 OOTHKEHHSAMMN.
Mamepian: [lo Hayana TpeHyBanbHoI Npo-
rpamy yvacHuku Oynu panOoMmi3oBaHi Ha
Tpu rpynu. lNMepla rpyna noymHana Brpa-
BW Bi BEPXHbOI 40 HWXHbLOI YacTuHU Tina
(G1), gpyra - BiA BEpPXHbOI YacTUHM Tina i
BHU3 (G2), TpeTs rpyna - Bif OfHiei BNpasu
y BEpPXHi YaCTuHi Tina i ofHiei Bnpasn B
HWXHIM YacTuHi Tina (G3). YacTtoTta TpeHy-
BaHb CTaHOBMIA TPY 3aHATTS Ha TWXKOEHb,
i, NpUHanNMHi, 48 roguH BIANOYMHKY B nepi-
0f MK TPEHYBaHHSAMM B LLiNIOMY 24 3aHATTA
B 8-TxxHeBOMY nepiogi. OaHe Makcumanb-
He MOBTOPEHHS OLjiHIOBanu y BCiX BnpaBax
novaTKoBO i Yepe3 8 TWKHIB TpeHyBaHb.
Pesynbmamu: Pesynstatv nokasyoTb, WO
MakcumarbHa cuna 36inbluyeTbcs nicns
BCiX 3aHsITb, ane 30inbLUeHHs He Mano 3Ha-
YHOI BiAMIHHOCTI Mix rpynamu (p <0,05).
Lli pesynbratyi nokasytoTb, LU0 BUKOHAHHS
BMpaB CrMoYaTKy Yy BEpXHil YacTuHi Tina -
HWKHBOI YaCTUHM Tina i YepryBaHHs TPeHy-
BaHb 3 OOTS>KEHHAMW He Befe A0 BiAMiH-
HOCTEN B MaKCUMAarbHin cuni. BucHOBKU:
pe3ynbTaT MoKasyloTb, L0 OfHa Brpasa Y
BEPXHI YacTUHI Tina i ogHa BNpaBa B HUX-
HIM YacTWHI Tina He Npu3BoAWTbL A0 30inb-
LUEHHS CMNW MOPIBHAHO 3 BnpaBamu ANS
rpynn M’s3iB BEPXHIX | HUXKHIX YaCcTuH Tina
(p <0,05).

m’a30ea cuna, rnocrioosHicmb, Mpose, He-
nideomosreHi rirodu.

Kaszem Cotoopex, Anuakbap Anusagex,
BaxmaH Mwup3aen. CpaBHeHMe Tpex TUMOB
nocrnefoBaTenibHOCTM  yNpaXHeHMW  Ha
MaKCMManbHYI CUNy y HeTPeHUPOBaHHbIX
MornoAbIX MyX4uH. Llesb: Llenbto gaHHoro uc-
crnefoBaHVs SBMSETCA CpaBHEHWE Tpex TUMOoB
nocrnefoBaTenbHOCTU YPaXKHEHWI Ha MaKcu-
MarbHYl CUMY Yy HETPEHUPOBAHHbLIX MOMOAbBIX
MYXX4MH nocne 8 Heaenb TPEHNPOBOK C OTAro-
LweHusMu. Mamepuan: [Jo Ha4ana TpeHupo-
BOYHOWN MpOrpammbl y4acTHWUKM Obinn paHgo-
MU3MpoBaHbl Ha Tpu rpynnel. [epsas rpynna
Ha4ymHana ynpaxHeHust OT BEpPXHEWN [0 HUXKHeEN
yactu Tena (G1), BTopasi - OT BepxHeW 4Yactu
Tena n BHU3 (G2), TpeTbsa rpynna — OT OJHOro
YNpaxHEeHWs1 B BEPXHEN YacTu Terna v OfHOro
ynpaxkHeHne B HWxHen vactu Tena (G3). Ya-
CTOTa TPEHWPOBOK COCTaBfsina TpU 3aHATUSA
B Hedenwo, u, No KpanHen mepe, 48 4 oTabl-
Xa B Mepvof Mexay TPeHUpoBKamu B obLuewn
CMOXHOCTN 24 3aHATUSA B 8-HeaenbHOM nepu-
one. OgHo MakcumarnbHoe nostopeHue (1RM)
OLieHMBanu BO BCEX YMPAKXHEHWUSX UCXOOHO W
yepe3 8 Hepenb TPEHWPOBOK. Pe3yibmambl:
PesynbTaThl nokasbiBaloT, YTO MakCUMaribHas
cuna yBenuyvBaeTcsi Nocne BcexX 3aHATUA, HO
yBenuyeHne He UMEeNo 3HaYUTENbHOIO pasnu-
una mexay rpynnamu (p <0,05). 3Tu pesynera-
Tbl NOKa3bIBaIOT, YTO BbINOMHEHUE YNPaXHEHUI
CHayarna B BepXHel 4acTu Tena - HXKHeW YacTtu
Tena v YepegoBaHWe TPEHUPOBOK C OTHAroLLe-
HUSIMU He BEeAET K pasnuyvsiM B Makcumarb-
HoW cune. Bbigodbl: pe3ynbTaThl NOKa3blBaloT,
4YTO OOHO YMpaxHeHVe B BEPXHEN YacTu Tena
N OQHO YMNpaxHEeHUe B HWXKHEN YacTu Tena He
NPUBOAMT K YBENNYEHNIO CUITY MO CPaBHEHWIO C
YNPaXHEHWUSIMU ANS TPYNMbl MbILLL, BEPXHUX U
HWKHUX YacTen Tena (p <0,05).

MblweyYHasi cuna, nocrnedogamesisbHoCMb, Mpo-
sereHue, HeroG2omoeieHHbIe 1o0U.

Introduction

When prescribed appropriately with other key
prescriptive variables (i.e. load, volume, repetition
velocity, failure versus or non-failure sets, rest interval
between sets and exercises), the exercise order can
influence the efficiency, safety and ultimate effectiveness
of an resistance training programmed (Simao et al.,2012).
It is generally recommended that exercises involving
multiple joint exercises be placed at the beginning of a
training session because this exercise sequence would
result in the ability to resist higher loads. The rationale
for performing multiple joint exercises in the beginning
of a training session is that total work (repetitions X
resistance) is greater when compared to performing
single-joint exercises first, and may result in greater long
term strength gains (Sforzo et al ). However, Kraemer
and Ratamess suggested the general recommendation
for exercise order of performing multiple joint exercises
first can be changed depending on the goals of the
training program (Fleck SJ, Kraemer et al). Observed
that performing multiple joint muscle group exercises at
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the early of an exercise sequence resulted in significantly
larger repetitions compared to when the single joint were
performed early in an exercise sequence (Sotoode et al).
Showed exercise order can facilitate the power developed
during an exercise placed at the end of a training
session despite reductions in total work and number of
repetitions performed in a set (Spreuwenberg et al).
Finally, recommended if the strength and conditioning
professional wants to maximize the Athlete’s performance
in one specific resistance exercise, this exercise should be
placed at the beginning of the training session (Gentil et
al.). To our knowledge, methodological training studies
manipulating three type of exercise sequence and the
investigation of the influence on strength have not been
conducted. Therefore, the purpose of the present study
was to examine the comparison of three type of exercise
sequence on maximum strength during 8 weeks of training
in untrained young men.

Methods and material

Thirty-six untrained young men from the Iran
University of Guilan were randomly assigned to three
groups. One group (23.7 + 1.5 years, 74.5+ 4.0 kg, 175.1
+2.0 cm, 24.4 £ 1.5 kg m™?) trained with upper to lower
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body group exercises (G1) (n = 12). The second group
(22.4 = 1.4 years, 72.7 = 44 kg, 1722 + 4.5 cm, 23.2
1.9 kg m2 ) trained using lower to upper body muscle
group (G2) (n = 12). The third group (24.8 £+ 1.6 years,
759 +4.4kg, 1753 3.0 cm, 24.2 = 1.9 kg m™2) trained
with one exercise in upper body and one exercise in lower
body order (G3) (n = 12) and continued performing the
regular military physical activity component during the
8 week period, but not the resistance training program.
There were no significant differences between groups in
anthropometric parameters or one repetition maximum
(1RM) prior to training. In addition, diet was the same for
all participants throughout the course of the study.
Inclusion criteria were the following characteristics
for all participants: (a) were physically active, but had not
taken part in resistance training for at least 6 months prior
to the start of the study; (b) not performing any type of
regular physical activity for the duration of the study other
than the prescribed resistance training; (c) did not have any
functional limitations for the resistance training program
or the 1RM tests; (d) not presenting any medical condition
that could influence the training program; and (e) did not
use any nutritional supplements. All participants read and
signed an informed consent document after being informed
of the testing and training procedures to be performed
during the study. The 1RM tests were performed on
two nonconsecutive days for all exercises as described
previously. Two weeks of familiarization took place
prior to the 1RM tests (four sessions) (Simao et al ). The
IRM tests were performed following the anthropometric
measurements on the first day. After 48 h, the IRM tests
were repeated to determine test-retest reliability. The
heaviest load achieved on either of the test days was
considered the pretraining IRM. No exercise was allowed
in the 48 h between 1RM tests, so as not to interfere with

the reliability results. The IRM was determined in fewer
than five Attempts with a rest interval of 5 min between
IRM attempts and 10 min were allowed before the start
of the test for the next exercise. Following the 8§ weeks
of training, the 1RM test was performed similarly to the
pre-training test in order to compare the strength changes
in those exercises. Again, the highest load achieved
in both days was considered as the 1RM. The exercise
sequence for G1 was barbell bench press (BP), machine
lat pull down (LPD), seated machine shoulder press (SP),
leg press (LP), seated machine leg extension (LE), seated
machine leg curl (LC). The exercise sequence for G2 was
LP, LE, LC, BP, LPD and SP. The exercise sequence for
G3 was BP, LP, LPD, LE, BS, and LC. All exercises for
three groups were performed for three sets. In addition,
an experienced strength and conditioning professional
supervised all training sessions. Frequency of the training
program was three sessions per week with at least 48 h
of rest between sessions and 2 minute between sets and
exercises. Twenty-four sessions were performed during
the 8 weeks training period Prior to each training session,
the participants performed a specific warm up, consisting
of 20 repetitions with approximately 50% of the resistance
used in the first exercise of the training session.

During the exercise sessions, participants were verbally
encouraged to perform all sets to concentric failure and
the same definitions of a complete range of motion used
during the 1RM testing were used to define completion
of a successful repetition. Adherence to the program was
100% for all groups. The total work performed by G1,
G2 and G3 were calculated by multiplying the number of
sessions by the number of sets and resistance load (session
x sets x load). Intra-class correlation coefficients (ICC)
were used to determine 1RM test—retest reliability. The
ICC method was used based on a repeat measurement of

Table 1

Intra-class correlation coefficients (ICC) and range values in kg for each exercise, between 1RM tests and retests at
baseline and after 8 weeks.

Group Bench press Lat pull down Shoulder press Leg press Leg extension

Baseline 8 week Baseline 8 week Baseline 8 week Baseline 8 week Baseline & week
Gl (n=12) r=0099, r=10.99, r=0.94, r=0.98, r=10.98, r=10.99, r=10.96, r=0.94, r=10.99, r=10.96,
58.7-60.9 82.1-83.3 49.8-51.0 70.0-71.9 34.8-35.6 51.7-52.8 70.5-71 83.0-84.5 65.8-66.6 74.1-75.8
G2 (n=12) r=0.99, r=0.99, r=0.96, r=10.96, r=0.98, r=10.98, r=0.97, r=0.97, r=0.99, r=0.98,
61.7-62.0 73.2-73.7 54.3-55.5 65.5-67.2 35.0-37.1 49.6-51.5 70.5-71.7 87.2-88.1 64.5-65.2 81.1-82.4
C3(n=12) r=098, r=0.99, r=0.99, r=0.97, r=0.98, r=10.98, r=10.98, r=0.96, r=0.98, r=10.99,
59.5-60.0 77.7-78.0 49.6-50.0 69.8-70.0 34.1-35.8 48.0-49.8 70.7-71.0 85.6-86.5 64.3-65.6 77.0-78.3
r=1CC.
Group Leg curl
Baseline 8 week
Gl(n=12) =099, 7=099,
63.7-64.9 71.1-72.3
G2(n=12) r=099, r=0.99,
65.7-66.0 80.2-81.7
C3(n=12) r=098, =099,
64.5-65.0 74.7-75.0
r=1CC.
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maximal strength. Coefficient of variation (CV) was used
to calculate within-subject variation (CV% = [standard
deviation/mean] x 100). All variables presented normal
distribution and homoscedasticity. Following two-way
(time) by three-way (groups) ANOVAs (time [baseline
vs. 8-week training] X group [GI vs. G2 vs. G3]) was
used to analysis for differences among the groups in the
1RM and kilogram of body mass (1RM load/body mass).
When appropriate, follow-up analyses were performed
using Fisher post hoc tests. T- Tests were used to analysis
for differences between 1RM test and retest, pre and post
training, and between the total works in three training
programs. An alpha level of p < 0.05 was considered
statistically significant for all comparisons.

Results

The results indicate that the maximum strength
increased after all sessions, but the increase was not
significantly difference between groups (p < 0.05). These
results indicate that performing exercises first in upper-
body/lower-body or alternate in a bout of resistance
exercise was not to leads difference in maximum strength.

Discussion

Thepurpose ofthisstudy wastoexamine the comparison
of three type of exercise sequence on maximum strength
in untrained young men. To our knowledge, this was the
first study to investigate the chronic effects the comparison
of three type of different exercise sequence. The current
results revealed not significant differences in strength
gains in large muscle group (lower-body) than small
muscle group (upper-body) exercises. Also, significant
differences were not found in lower and upper-body
muscle group exercises between the different exercise
sequences, suggesting exercise order may be particularly

important during the initial stages of resistance training in
untrained men, mainly in large muscle group exercises.
Generally, the length of the rest interval between sets is
prescribed based on the training goal. The recommended
rest interval increases when programs are designed for
strength or power (e.g., 2—5 minutes) and decreases
when programs are designed for hypertrophy (e.g., 30-90
seconds) or muscular endurance (e.g., less than or equal to
30 seconds) ( rest inter val) ( Willardson et al). compared
two protocols; one using eight sets of 8—12 repetitions of
arm exercises versus eight sets of I0RM of the leg press
followed by the same arm training (Hansen et al). The
authors of the study reported large muscle group exercises
for the lower body performed early in a training session
have a stimulatory effect on small muscle group exercises
for the upper-body performed later in the same session
(Hansen et al). In contrast to what was found by Hansen et
al., our findings indicated arm exercises provided greater
strength gains when performed early in the training
session. This discrepancy can be associated to the fact
that the sessions investigated in our study involved only
exercises for the upper-body and had the same total work.
This difference in total work might have influenced the
results of the study by Hansen et al., as well as the fact
the exercises used were for different parts of the body.
It is very difficult to compare our results with previous
similar studies, since none of these studies investigated
chronic effects of exercise order on strength. In addition,
all previous studies used trained participants. However,
the current study investigated the influence of resistance
training sessions in untrained men. The different exercise
orders did increase strength differently in three muscle
group lower and upper body or alternate exercises
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1RM strength progression (%) in each exercise of G1, G2 and G3 after 8§ weeks of resistance training (mean).
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throughout the course of the study, but the increase was not
significantly difference between groups. Nevertheless, it
should be noted three training groups revealed significant
increases in strength over the course (8 weeks) of the
training period in all exercises. Another interesting point
to observe was the strength progression in each exercise
in three sequences (Fig. 1).

The 1RM strength progression was higher for the
exercises performed earlier in a training session for three
training groups, but the increase was not significantly
difference between groups. The current results are in
agreement with previous studies (Sforza and Simao et
al) and suggest whenever an exercise is performed last in
an exercise sequence or training session, performance of
that particular exercise may be negatively affected. This
is true whether the exercise involves large or small muscle
groups. This negative effect on exercises performed later
inatraining session needs to be considered when designing
programs for both athletes and fitness enthusiasts. Simao
et al. investigated the influence of different exercise
sequences on the number of repetitions performed in a
group composed of both men and women with at least
2 years of recreational resistance training experience.
The exercise sessions, consisted of performing three sets
of each exercise with a resistance of 10RM and 2-min
rest periods between sets and exercises. The results
demonstrated performing either large or small group
exercises for the upper-body at the end of an exercise
sequence resulted in significantly fewer repetitions
compared to when the same exercises were performed
early in an exercise sequence (Simao et al).

Amorerecent study suggested a similar phenomenon in
trained women when both upper and lower body exercises
are performed in the same exercise session (Simao et al).

The previously mentioned studies demonstrated that an
exercise performed last in a training session, is negatively
affected in an acute manner whether the exercise involves
large or small muscle groups (Sforzo et at). Our findings
revealed those effects can influence the results also in a
chronic manner. These results suggest the exercise most
important for the training goals should be placed at the
beginning of the training session for larger strength gains,
independent of the size of the muscle groups involved.
Early muscular strength gains (during the first few weeks
of training) are predominantly mediated by the increase
in motor unit firing rate (Gabriel et al). Thus, an increase
in muscular strength without hypertrophy is commonly
observed in the initial stages of resistance training.
However, we are unaware if our results are associated
with neuromuscular adaptations only, given that muscle
volume and hypertrophy were not assessed. Therefore,
additional investigations with longer interventions and
using procedures to assess muscle volume and hypertrophy
are necessary to promote further understanding of the
chronic effects from the exercise order.

Conclusions

Our results indicate that performing exercises first in
upper-body/lower-body or alternate in a bout of resistance
exercise was not to leads difference in maximum strength.
Results also suggest that whenever one exercise is the
last of a sequence performed in a training session, its
performance will be negatively affected. Applying the
results to exercise prescription, a large to small muscle
group order might be more beneficial for untrained men,
when trying to improve health.
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