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Objectives: Athletes are often required to undertake multiple training sessions on the same day with these
sessions needing to be sequenced correctly to allow the athlete to maximize the responses of each session.
We examined the acute effect of strength and speed training sequence on neuromuscular, endocrine, and
physiological responses over 24 h.

Design: 15 academy rugby union players completed this randomized crossover study.

Methods: Players performed a weight training session followed 2 h later by a speed training session

_llfz:gg:g:;ne (weights speed) and on a separate day reversed the order (speed weights). Countermovement jumps,
Cortisol perceived muscle soreness, and blood samples were collected immediately prior, immediately post, and

24 h post-sessions one and two respectively. Jumps were analyzed for power, jump height, rate of force
development, and velocity. Blood was analyzed for testosterone, cortisol, lactate and creatine kinase.
Results: There were no differences between countermovement jump variables at any of the post-training
time points (p >0.05). Likewise, creatine kinase, testosterone, cortisol, and muscle soreness were unaf-
fected by session order (p >0.05). However, 10 m sprint time was significantly faster (mean + standard
deviation; speed weights 1.80+0.11s versus weights speed 1.76 +0.08s; p>0.05) when speed was
sequenced second. Lactate levels were significantly higher immediately post-speed sessions versus
weight training sessions at both time points (p <0.05).

Conclusions: The sequencing of strength and speed training does not affect the neuromuscular, endocrine,
and physiological recovery over 24 h. However, speed may be enhanced when performed as the second
session.
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1. Introduction

Elite athletes will often undertake a training program involving
multiple daily training sessions being repeated over the course of
a week.! In order for the athlete to adapt to such a program, the
loads must be applied in an order or spacing that allows the ath-
lete to have recovered to a point where they are able to meet or
exceed the requirements of the next training session.? One poten-
tial factor that will influence this is the order in which the sessions
are performed. For example, it has been reported that performing
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endurance training 6 h before strength training resulted in greater
fatigue the following day than when the order was reversed,> pos-
sibly due to variation in both the type of fatigue generated and
the time taken to recover from each session. In addition, running
performance has been shown to be impaired 8 h after a weight
training session,* thereby affecting session quality and, potentially,
the adaptive process. In contrast,a morning weight training session,
but not a speed session, has been shown to have a positive effect
on afternoon sprint performance.®

Furthermore, the residual fatigue associated with both speed®
and weight’ training has been reported to persist beyond the initial
hours following the training session, and therefore this timeframe
needs to be investigated, as it will have important implications for
training design. While several studies have examined the order
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Fig. 1. Schematic outlining the design of the speed weights and weights speed protocols. Assessments performed immediately prior session one, immediately post-session
one, immediately pre-session two, immediately post-session two, and 24 h post-session one during each protocol.

effect on weight and endurance training sessions,>%? to date,
no studies have examined the order effect of speed training and
strength training, highlighting a vital gap in our understanding of
program design given many sports perform both types of sessions
on the same training day. Therefore, the aim of this study was to
compare the neuromuscular, endocrine, and biochemical responses
ofatraining day during which maximal speed training was followed
2 h post by weight training, to a training day with the reverse order.
Specifically, the study set out to compare morning performance to
afternoon performance where it was preceded by a second session,
and to assess whether session order affected recovery at 24 h post.

2. Methods

Ethical approval for the study was granted from a university
research ethics committee. Fifteen academy level rugby players
provided written informed consent to participate in this study
(mean + standard deviation: age 21+1 years; 100.5+10.5kg;
height 185.7 + 6.6 cm). The study was undertaken at the end of the
regular playing season, and participants were performing physi-
cal training four days per week. The study utilized a randomized
crossover design, and each experimental protocol was completed
over two days, one consisting of maximal speed training followed
by a weight training session 2 h later (SW), and one consisting of
a weight training session followed by a maximal speed training
session 2 h later (WS) (Fig. 1). The 2-h break was chosen as previ-
ous research has suggested that this is sufficient to recover from
both speed® and weight training,” and is a common recovery time
used in elite sport settings.

Prior to arriving on day one of each protocol, participants were
given two days off training. Each participant was given an arrival
and start time that was maintained throughout the study to account
for circadian variation in hormones and body temperature.!? Upon
arrival (immediately pre-session one), participants filled out a
questionnaire on perceived muscle soreness (MS), and a blood
sample was collected for subsequent analysis for testosterone (T),
cortisol (C), creatine kinase (CK), and lactate. Participants then per-
formed a 10-min standardized warm-up before reporting to the
testing area where they performed three countermovement jumps
(CMJs), after which they performed either the SW or WS protocol.

In the SW protocol, participants proceeded to an indoor track to
perform a maximal speed training session. This session consisted
of a running specific warm up followed by 6x 50m maximal
sprints with 5 min recovery between each trial.® This speed training
session reflected a normal training sessions for team sport ath-
letes, and is in line with the volume of maximal speed running
per session suggested by elite track coaches.®!! After completion
of the final sprints, the participants again provided blood samples,
and information on MS before performing three CMJs (immediately

post-speed session time-point). Two hours later, blood, MS, and
CM]Js were collected again (immediately pre-weights session time
point), after which, the participants proceeded to the gym to under-
take a weight training session consisting of 5 sets of 4 repetitions
of the back squat and the Romanian dead lift (RDL), all at 85% 1RM,
and with 4 min recovery between sets and exercises. After comple-
tion of this session, the CM]s were repeated, and blood lactate was
taken once again (immediately post-weights session time-point).
Due to time constraints, it was not possible to collect blood samples
at this time point. Lactate, MS, CMJs, and blood were collected again
for a final time the following morning (24 h post-speed session
time-point).

In the WS protocol, the exact same training sessions were per-
formed, however, the order was reversed with the weight training
session being performed in the morning, and the speed session in
the afternoon.

During each protocol, the first day’s breakfast, lunch, snacks,
and dinner along with the following day’s breakfast were provided
(Soulmatefood, Lancashire, UK).

All CMJs were performed on a force platform (Type 9287CA,
Kistler Instruments Ltd., Farnborough, United Kingdom). After col-
lection, the vertical component of the ground reaction force-time
history was exported for analysis, and peak power (PP), average rate
of force development (aRFD), jump height (JH), and peak velocity
(PV) were calculated as per previously published literature.® The
participants were fully familiarized with CMJs, and performed them
weekly within the academy.

Blood samples were collected from the antecubital vein after
10min of lying supine. After collection, the samples were cen-
trifuged at 3000 rpm for 10 min at room temperature. Plasma was
analyzed for T, C, and CK activity (Roche Diagnostic Limited, Charles
Avenue, Burgess Hill) on a Cobas C8000 analyser (Roche Diagnos-
tics, Switzerland). The inter-assay CVs for T, C, and CK were 5.3,
3.7, and 1.4% respectively. The intra-assay CVs for T, C, and CK were
4.5,3.3,and 1.7% respectively. Lactate was analyzed using a lactate
analyser (Lactate Pro, Arkray). The CV for lactate was 2.8%.

Perceived muscle soreness (MS) was recorded at each data col-
lection point, using a 7-point Likert scale designed to measure
soreness in the lower body. The scale ranged from very, very good
(1) to very, very sore (7).'2

The participants recorded weights lifted during each of the
squat and Romanian deadlift work sets, and total tonnage was
calculated from this information. Each participant also provided
a Rate of Perceived Exertion, using the Borg 10 grade scale, for
the weight training sessions performed during each protocol upon
completion.’?

Sample size was determined using the methods of Hopkins,'#
and 15 subjects was found to be adequate to determine changes
with sufficient statistical power. All statistical analysis was
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Table 1
Total tonnage lifted and RPE for the weight training sessions and 10 m and 50 m
times for the two protocols. Data presented as mean + SD.

Speed weights Weights speed

RPE (scale 1-10) 6.87 + 1.19 6.50 + 1.18
Tonnage lifted (kg) 2771 £ 279 2812 + 318

10 m time (s) 1.80 £ 0.11 1.76 + 0.08
50 m time (s) 6.56 + 0.34 6.53 +£ 0.34

" Significant to 0.05 between the two protocols.

performed using the IBM SPSS (Version 20.0, SPSS Inc., Chicago,
IL) statistical data package. CK values were log transformed due
to large inter-participant variability. Differences between and
within protocol were assessed using a two way (time point and
protocol) repeated measure analysis of variance. Bonferroni adjust-
ments were run where relevant. Differences between the afternoon
and morning sprint and weight training performances were also
investigated to see if session order affected performance. These dif-
ferences were assessed using one-way t-tests. Effect size (ES) was
determined using partial n2. The level of significance was set at
p <0.05. Data is presented as the mean + standard deviation.

3. Results

There was no significant time-protocol interaction for 50 m
sprint times (effect size 72 =0.070, p>0.05) during the sprint train-
ing session confirming that performance did not differ across the
protocols. The protocols did differ with regard to peak 10 m time,
with performance in the afternoon (1.76 4- 0.08 s) being faster than
performance in the morning (1.80+0.115s) (p>0.05). There was
no significant different in the rate of perceived effort or total vol-
ume lifted for the weight training sessions between the protocols
(p>0.05) (Table 1).

Table 2

T, C, CK, lactate and MS responses to the two protocols. Data presented as mean + SD.

There was a significant time effect on T (effect size % =0.349,
p<0.05), and C (effect size n%2=0.751, p<0.05) (Table 2), but no
time—protocol interaction for T (effect size n%=0.115, p>0.05) or
C (effect size n% =0.026, p>0.05).

Both protocols had a significant time effect on lactate (effect
size n%2=0.923, p<0.05), MS (effect size n2=0.650, p<0.05) and
CK (effect size n2=0.882, p<0.05), and there was a signifi-
cant time-protocol interaction for lactate (effect size n2=0.932,
p<0.05), with lactate levels being significantly different imme-
diately post-session one (p<0.05), and immediately post-session
two (p<0.05), but not at any other time point (Table 2)
between protocols. No time-protocol interaction was found for
MS (effect size n2=0.024, p>0.05) or CK (effect size n%=0.063,
p>0.05).

Time effects were found for CM] PP (effect size n?=0.636,
p<0.05), JH (effect size n2=0.629, p<0.05), aRFD (effect size
n?=0.454,p <0.05),and PV (effect size n? =0.645, p < 0.05) (Table 3).
However, there was no significant time-protocol interaction for
CM] PP (effect size n%=0.114, p>0.05), JH (effect size n2=0.061,
p>0.05), aRFD (effect size n2=0.081, p>0.05), and PV (effect size
n?=0.143, p<0.05).

4. Discussion

To our knowledge, this is the first study to examine the influence
of manipulating the order of maximal speed training and weight
training on the same day on acute neuromuscular, physiological,
and endocrine responses. The primary finding from this investi-
gation was that, while the two sessions individually resulted in
significantly different metabolic responses, training order did not
result in different endocrine responses, patterns of muscle sore-
ness, muscle damage, or neuromuscular performance over a 24-h
period.

Immediately Immediately Immediately Immediately 24 h post-session
pre-session one post-session one pre-session two post-session two one
Speed weights protocol
Testosterone (nmol/l) 16.31 + 3.66 18.65 + 3.97 15.15 £ 5.06 n/a 17.38 + 3.96
Cortisol (nmol/1) 491 + 103 357 £ 114’ 297 + 73 nja 520 + 106
Creatine kinase (u/l) 485 + 420 582 + 454 589 + 423 n/a 1161 + 816
Lactate (mmol/I) 1.50 + 0.72 9.41 £ 1.38 1.41 + 0.64 245+1.19 0.89 + 0.49
Muscle soreness (Likert) 1.67 £ 0.82 3.20 + 1.01° 3.07 + 0.80 410+1.95 3.80 + 1.21°
Weights speed protocol
Testosterone (nmol/I) 17.12 £ 4.93 18.15 £ 4.95 15.63 £ 6.13 n/a 17.66 + 4.55
Cortisol (nmol/1) 516 + 99 373 + 136 290 + 103 n/a 514 + 100
Creatine kinase (u/l) 508 + 306 571 + 319 607 + 358 n/a 1122 + 946
Lactate (mmol/I) 1.25 + 0.66 3.15 + 1.07 1.25 £ 0.82 10.19+2.41 1.31 £ 0.77
Muscle soreness (Likert) 1.87 + 0.99 3.20 £ 0.77 3.33 £ 0.90 4.40+0.63 3.67 + 1.05

" Significant to 0.05 when compared to immediately pre-session one.

Table 3
Neuromuscular responses to both protocols. Data presented as mean =+ SD.

Immediately
pre-session one

Immediately
post-session one

Immediately
pre-session two

Immediately
post-session two

24 h post-session
two

Speed weights protocol

CM] peak power (W) 5371 + 452 5109 + 474
CM] jump height (m) 0.40 + 0.05 0.37 + 0.06
CM]J aRFD (ns™') 4972 + 1504 4742 + 944

CM] peak velocity (ms~1) 293 £0.18 2.88 £ 0.19

Weights speed protocol

CM]J peak power (W) 5368 + 446 5073 + 532
CM]J jump height (m) 0.39 + 0.06 0.37 £ 0.05
CM] aRFD (ns1) 4943 + 1204 4713 + 1338
CM] peak velocity (ms—1) 291 £0.20 2.83 £ 0.16

5408 + 429 5037 + 429 5174 + 415
0.39 + 0.06 0.36 £ 0.05° 0.37 £ 0.06
4913 + 1218 4492 + 1194 4343 £ 1102
293 £0.21 2.82 +0.18 2.84 + 021

5363 + 397 5168 + 463 5215 + 424
0.39 + 0.06 0.37 £ 0.05 0.37 + 0.06°
4775 + 1221 4709 + 1345 3965 + 1194
290 + 0.19 2.85 +£0.17 2.84 +0.19°

" Significant to 0.05 when compared to immediately pre-session one.
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In the current study, both the initial maximal speed training,
and weights sessions were found to result in similar depres-
sions in neuromuscular performance immediately post-session.
The response to the morning maximal speed training session in
the SW protocol is in line with previous findings.® However, given
that the acute fatigue response to exercise has been reported
to vary depending on the nature of the activity,”® the finding
that both types of sessions resulted in similar declines in per-
formance is somewhat unexpected, especially given the different
post-session metabolic responses (9.41 +1.38 mmol/l post-speed
versus 3.15+1.07 mmol/l post-weights). Therefore, while a link
between metabolic fatigue and loss in neuromuscular perfor-
mance has previously been reported,! it does not seem to have
differentiated the sessions in the current study. Instead, it is
possible that the strength levels (Squat 1RM 170+ 20kg, Bench
1RM 135 +10kg) of the participant group in the current study
contributed to the findings as it has been demonstrated that
strength-trained participants experience significantly more neural
fatigue than untrained participants'® and, therefore, the partici-
pants in this study may have experienced greater depressions in
neuromuscular performance immediately after a maximal strength
focused weight-training session than would have been expected
from a non-elite population.

Immediately after both the morning maximal speed training
and weight training sessions, C decreased significantly while T
increased significantly after the maximal speed training, and non-
significantly after the weight training session, with no difference in
the testosterone response between the protocols (Table 2). This lack
of difference in T occurred even though the sessions differed sig-
nificantly in terms of the metabolic response they inducted. While
several studies report a relationship between training-induced
elevations in lactate and post-exercise changes in T,!”:!8 others
have found elevations to occur in the absence of lactate.!® The
results of the current study suggest that metabolic accumulation
does not affect either T or C in an obvious dose response man-
ner.

When performance was reassessed 2 h after the morning ses-
sions and immediately prior to the start of the afternoon sessions,
all of the countermovement jump variables had recovered in
both protocols. While the time frames required for recovery
from different types of resistance training have previously been
demonstrated,”20 to our knowledge, this is the first study to com-
pare the time frames for recovery from maximal speed training to
a maximal strength-focused weight-training session.

Given the relationship between exercise intensity and neuro-
muscular adaptation,?! itis important that the second session of the
day is not performed in a fatigued state. The results showed no dif-
ference in either total tonnage lifted or rate of perceived effort when
the weight training sessions were compared (Table 1), suggest-
ing that performing a strength-training protocol 2 h post-maximal
speed training does not result in decreased performance. In con-
trast, 10 m-sprint time was significantly faster when performed 2 h
after a weights session versus the morning (0.04 second). While
this improved performance may have been a result of normal
circadian patterns associated with body temperature,?? it is also
possible that the weight training itself played a role in improv-
ing sprint performance 2h post. Cook et al.,”> reported morning
weight training to result in a change in the normal circadian pat-
tern of T, resulting in it being significantly elevated prior to the
speed testing versus the same time-point on a day where no morn-
ing session was performed. In the current study, T was unchanged
from its baseline levels 2h post-weight training, while in con-
trast C had declined significantly by this time point (Table 2).
While C does appear to degrade at a faster rate during the day
than T,2223 the lack of a significant decline in T coupled with
the changes in C further suggests that the morning training had

an effect on normal endocrine circadian rhythm, and that weight
training may have affected the normal circadian pattern associ-
ated with T. In doing so, it is possible the non-genomic effects,
notably increased aggression and muscle function, associated with
T24 accentuated the normal circadian patterns associated with
performance, and contributed to sprint performance at this time-
point.

The performance of a morning exercise session did not affect
metabolic response to either session in the current study, with sim-
ilar responses regardless of whether the session was performed
in the morning or afternoon. This conflicts with the findings of
Coffey et al.2> who reported the metabolic response to a second
session was affected by the first session of the training day. The
most likely explanation for the difference between these results
and the current study is the difference in the time between the ses-
sions, with Coffey et al.2> performing their sessions with a 15-min
recovery between them. In contrast, a 2-h recovery between ses-
sions was utilized in the current study and, as a result, sufficient
time was available for lactate concentrations to return to baseline,
in turn, allowing the participants to sufficiently recover from the
first session.

At the 24 h post-time-point, neuromuscular performance was
found to be significantly declined versus initial baseline measure-
ments in both protocols, however, there was no difference between
the protocols suggesting that session order does not affect the neu-
romuscular system at this time point (Table 3). While previous
research has reported similar findings when the two sessions were
identical in make-up,2627 this is the first study to suggest that, at
least on weights and speed training days, session order does not
seem to be a factor in neuromuscular performance the following
day. However, this finding conflicts with Doma and Deakin® who
found a strength session followed 6 h later by an aerobic run to
have a significantly greater negative effect on running performance
24 h post compared to when the order was reversed. One possible
explanation for the difference between the studies is the readiness
of the neuromuscular system to undertake the second session of
the day. While in the current study neuromuscular performance
had returned to baseline prior to the start of second session of
the day, Doma and Deakin? reported that maximal voluntary con-
traction (MVC) was still depressed 6 h after the strength training
session, and immediately prior to the start of the run session. This
was in contrast to the running-strength training sequence were
MVC had fully recovered between sessions. While the fact that the
participants in Doma and Deakin? lacked a resistance training back-
ground in resistance training, and this may have contributed to the
depressed MVC at 6 h, their findings still highlight the importance
of ensuring neuromuscular recovery prior to beginning session two
as training in a fatigued state may result in greater depressions 24 h
post.

5. Conclusion

In conclusion, this study demonstrated that two protocols
with different session order resulted in similar neuromuscular,
endocrine, and biochemical responses over a 24-h period in a well-
trained population. This was the case even though the metabolic
response was different between the sessions. This was potentially
due to the 2-h time period allowing the participants to have fully
recovered from the first session of the day.

Practical implications

e Two hours is sufficient for the recovery of neuromuscular per-
formance after both maximal speed training and weight training
sessions.
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¢ Providing sufficient recovery from the first training session, the
coach and athlete can structure their sessions in either order
without negatively affecting recovery 24 h post.

¢ There was a significant improvement in 10 m-sprint performance
in the afternoon when preformed 2 h after the weights session.
While several factors could have contributed to this, it is possible
the morning session enlisted some degree of priming.
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