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neuromuscular function was assessed from resting twitches, 
quadriceps maximal voluntary contraction (MVC) force, 
and potentiated twitch force (Qtw).
Results Study-1 showed that SIT did not elicit signifi-
cant neuromuscular adaptations. Study-2 showed that N-3 
PUFA supplementation had no significant effect on neuro-
muscular adaptations. Training caused lower MVC force 
[mean ± SD; N-3 PUFA −9 ± 11%, placebo −9 ± 13% 
(p < 0.05 time)] and Qtw peripheral fatigue [N-3 PUFA 
−10 ± 19%, placebo −14 ± 13% (p < 0.05 time)]. TT time 
was lower after training in all groups [Study-1 −10%, 
Study-2 N-3 PUFA −8%, placebo −12% (p < 0.05 time)].
Conclusion Two weeks of SIT improved TT performance 
in the absence of measurable neuromuscular adaptations. 
N-3 PUFA supplementation had no significant effect on 
SIT training adaptations.

Keywords Sprint interval training · Omega-3 · 
Neuromuscular · Adaptations to training · Nutrition 
supplementation

Abbreviations
DHA  Docosahexaenoic acid
DPA  Docosapentaenoic acid
EMD  Electromechanical delay
EMG  Electromyography
EPA  Eicosapentaenoic acid
HR  Heart rate
LFF  Low-force frequency fatigue
MAMP  M-wave amplitude
N-3  Omega-3
MCT  Monocarboxylate transporter
MVC  Maximal voluntary contraction
PUFA  Polyunsaturated fatty acid
Qtw  Potentiated twitch force

Abstract 
Purpose Sprint interval training (SIT) stimulates rapid 
metabolic adaptations within skeletal muscle but the nature 
of neuromuscular adaptions is unknown. Omega-3 polyun-
saturated fatty acids (N-3 PUFA) are suggested to enhance 
neuromuscular adaptations to exercise.
Methods We measured the neuromuscular adaptations 
to SIT (Study-1) and conducted a placebo-controlled ran-
domized double blinded study to determine the effect 
of N-3 PUFA supplementation on neuromuscular adap-
tations to SIT (Study-2). In Study-1, seven active men 
(24.4 ± 2.6  years,  VO2 peak 43.8 ± 8.7  ml  kg  min−1) 
completed 2-weeks of SIT with pre- and post-training 
10 km cycling time trials (TT). In Study-2, 30 active men 
(24.5 ± 4.2 years,  VO2 peak 41.0 ± 5.1 ml kg min−1) were 
randomly assigned to receive N-3 PUFA (2330 mg day−1) 
(n = 14) or olive oil (n = 16) during 2-weeks of SIT with 
pre- and post-training TTs. Four week post-training, a 
SIT session and TT were also performed. Change in 
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RFD  Rate of force development
SIT  Sprint interval training
tAUC  Twitch area under the curve
tHRT  Time to half relaxation
tPF  Twitch peak force
tRFD  Twitch rate of force development
tTP  Twitch time to peak force
TT  Time trial
VA  Voluntary activation
VL  Vastus lateralis
VM  Vastus medialis
VO2  Volume of oxygen consumed
Wmax  Watt max

Introduction

Sprint interval training (SIT) consists of repeated periods 
of brief maximal exercise interspersed with longer rest 
periods. Metabolic adaptations within skeletal muscle have 
been suggested as the primary contributor to increased 
sprint peak power, fatigue resistance, and exercise capacity 
(Burgomaster et al. 2005) and cycling performance (Burgo-
master et al. 2006). Reported metabolic adaptations include 
increased muscle glycogen storage, greater muscle mito-
chondrial number and enzyme concentration, and increased 
membrane glucose transporters and monocarboxylate 
transporter concentrations (Burgomaster et al. 2007, 2005; 
Little et al. 2011).

It is well established that SIT can cause metabolic adap-
tations; however, it is unknown if neuromuscular adapta-
tions contribute to previously reported improvements in 
exercise capacity (Burgomaster et  al. 2005) and perfor-
mance (Burgomaster et al. 2006). Previous work has shown 
that the neuromuscular system is directly involved in the 
initial adaptations to training (Rich and Cafarelli 2000; Sale 
1988). When muscles are challenged with a novel stimu-
lus, the neuromuscular system rapidly adapts, leading to 
improvements in muscle coordination, activation and ulti-
mately force-generating capacity (Sale 1988). Furthermore, 
the neuromuscular system has been identified as a primary 
contributor to increased muscle strength in new exercis-
ers when adopting a new training technique (Griffin and 
Cafarelli 2003; Rich and Cafarelli 2000).

It is important to investigate the extent of neuromuscular 
adaptations to SIT to understand the physiological effects 
of this style of training. Furthermore, investigation of nutri-
tional ergogenic aids to enhance adaptations to SIT has been 
limited thus far. Cochran et  al. (2015a, b) investigated the 
effect of beta-alanine and altered carbohydrate availability on 
metabolic adaptations to SIT; however, there as yet to be any 
investigation of ergogenic aids that might support potential 
neuromuscular adaptations to SIT. Omega-3 polyunsaturated 

fatty acid (N-3 PUFA) supplementation has been identified 
as a potential ergogenic aid for neuromuscular adaptations to 
exercise (Lewis et al. 2015; Rodacki et al. 2012). N-3 PUFA 
supplementation increases membrane fluidity and therefore 
might increase the rate of action potential transmission to the 
neuromuscular junction and throughout the muscle mem-
brane. Furthermore, there is evidence that N-3 PUFA sup-
plementation can increase acetylcholine concentration and 
acetylcholinesterase activity at the neuromuscular junction 
(Patten et al. 2002).

Seal oil was chosen as the experimental N-3 PUFA sup-
plement for this study because mammalian triacylglycerol 
molecules have N-3 PUFA fats primarily in the sn-1 and 
sN-3 positions, as opposed to the sn-2 position of fish oil 
N-3 PUFA (Brockerhoff et al. 1968; Wanasundara and Sha-
hidi 1997). Fats in the sn-3 position are preferentially cleaved 
by sublingual lipases, and the sn-1 fat is cleaved in the small 
intestine, while the sn-2 fatty acid is left for later esterifica-
tion (Bracco 1994; Paltauf et al. 1974). These structural dif-
ferences enable chylomicrons and chylomicron remnants 
containing mammalian N-3 PUFA to have a higher rate of 
clearance from the blood compared to fish oil intake in ani-
mal studies (Christensen et  al. 1995; Yoshida et  al. 1996). 
These differences in structure and digestibility are thought to 
increase bioavailability and rate of uptake into membranes; 
however, this has yet to be examined in humans.

To elucidate the neuromuscular adaptations to SIT and 
the potential ergogenic effect of N-3 PUFAs on neuromus-
cular adaptations to SIT, two experiments were performed. 
Experiment one investigated the neuromuscular adaptations 
to SIT and experiment two investigated effect of N-3 PUFA 
supplementation on neuromuscular adaptations to SIT. 
The purpose of Study 1 was to describe the neuromuscular 
adaptations to 2-weeks of SIT. We hypothesized that neuro-
muscular function as measured by quadriceps maximal vol-
untary contraction (MVC) force would improve following 
SIT and fatigue would be lower on the last training session 
compared to the first.

The purpose of Study 2 was to determine the effect of 
N-3 PUFA supplementation combined with SIT on neu-
romuscular adaptations compared to placebo. We hypoth-
esized that N-3 PUFA supplementation would enhance 
neuromuscular adaptations, such that the increase in MVC 
force would be greater in the N-3 PUFA group compared to 
placebo.

Methods

Ethics statement

The protocol and consent procedures were approved by 
the University of Toronto Research Ethics Board. All 
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participants were informed of study procedure and gave 
written informed consent.

Participants

Males ≥18 years from the University of Toronto area, that 
were recreationally active (<5 h week−1) but not following 
a structured exercise program were recruited for these stud-
ies. All prospective participants were screened for eligibil-
ity by measuring BMI (within 18.5–29.9) and assessing 
cardiac function using 12-lead electrocardiography (Car-
dioPerfect Workstation, Welych-Allyn, Skaneateles Falls, 
New York, USA) that was reviewed by a physician. The 

PAR-Q exercise readiness questionnaire was used for addi-
tional physical activity readiness screening (http://www.
csep.ca/english/view.asp?x=698).

Participants in Study 2 were further screened for HIV 
and hepatitis C to prevent any potential adverse events 
with the study supplement and exercise training. A dietary 
screen was used to ensure that these participants were not 
consuming any form of N-3 PUFA supplement or consum-
ing fish ≥3 times per week for 4-weeks prior to beginning 
the study.

Seven healthy males were recruited for Study 1. This 
was exploratory in nature and used a sample size similar to 
training groups in previous SIT studies (Burgomaster et al. 
2005, 2006, 2007). Thirty healthy males were recruited 
for Study 2 separately from Study 1. This sample size 
was determined from the post-training difference in maxi-
mal voluntary contraction force between groups receiving 
placebo or fish oil N-3 PUFA during resistance training 
(Rodacki et al. 2012). Using a difference in means of 25 N 
(SD 15), α = 0.05 and β = 0.8, 14 participants per group are 
required to detect a significant difference between the pla-
cebo and N-3 PUFA group.

The descriptive data for the participants is shown in 
Table  1. Figure  1 shows an overview of the progression 
of each study. Study 1 used a one-way, repeated measures, 
within-participant design. Study 2 was conducted as a par-
allel design, placebo-controlled, randomized control trial.

Descriptive characteristics

At the first visit, participants height, weight, and 
body fat percentage (Omron Fat Loss Monitor, model 

Table 1  Participant descriptive data

Data is shown as mean ± SD. P value for independent samples t test 
between groups in Study 2

Measure Study 1 Study 2
Placebo

Study 2
N-3 PUFA

P

Age (years) 24.4 ± 2.6 24.8 ± 4.7 24.1 ± 3.6 0.7
Height (cm) 182.4 ± 4.8 176.1 ± 6.2 176.9 ± 7.1 0.7
Weight (kg) 82.1 ± 12.4 77.7 ± 13.3 75.5 ± 10.7 0.6
Body fat (%) 17.4 ± 5.2 17.4 ± 6.0 15.4 ± 4.6 0.4
VO2 peak (L min−1) 3.6 ± 0.8 3.1 ± 0.6 3.2 ± 0.7 0.6
VO2 peak 

(mL kg min−1)
43.8 ± 8.7 40.0 ± 3.6 42.3 ± 6.4 0.2

Watt max 310 ± 50 260 ± 40 275 ± 40 0.4
Max Heart Rate 

(b min−1)
192.7 ± 7.3 187.1 ± 14.8 187.6 ± 8.9 0.9

Training (h week−1) 4.3 ± 1.0 2.6 ± 2.1 3.9 ± 1.5 0.1

Fig. 1  Flowchart of the protocol used to assess global fatigue, and ventral and peripheral neuromuscular fatigue. Single arrows represent single 
stimulations, double arrows represent doublets

http://www.csep.ca/english/view.asp?x=698
http://www.csep.ca/english/view.asp?x=698
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HBF-306CAN, Omron Healthcare, Bannockburn, Illinois, 
USA) were measured.

Participants’  VO2max was determined using breath-
by-breath gas-analysis (MetaMax 3B, CORTEX, Leip-
zig, Germany) during an incremental cycling test on an 
ergometer (Monark 839E, Vansboro, Sweden) as previ-
ously described (Lewis et  al. 2015). Work rate was set at 
50, 100, and 150  W for 2  min each before increasing by 
25 W min−1 thereafter.  VO2peak was determined as the high-
est value achieved over a 20-s period. Watt max (Wmax) was 
determined from the stage at which participants’ cadence 
dropped below 50 rpm. Maximum heart rate was the high-
est recorded during the test (Polar Electro, Finland).

10 km time trial performance test

Participants cycled on an electronically braked ergometer 
(Monark 839E, Vansboro, Sweden) with no feedback other 
than distance completed displayed on a computer monitor. 
Cycling work rate was set at 60% of Wmax as determined 
from the  VO2max test with the ergometer in hyperbolic 
mode. This fixed work rate allowed participants to vary 
their cadence to adjust cycling speed. TT cadence and heart 
rate were averaged over the test.

Sprint interval training protocol

Training started at least 3  days after visit (V) V2. Six 
SIT sessions were completed over 2-weeks as previously 
described (Burgomaster et al. 2005). Participants increased 
the number of sprints from four to seven and completed 
four on the final day of training (Fig. 1). Training occurred 
on alternating days (i.e., Monday, Wednesday, and Friday) 
with 2 days rest between V5 and V6. Each visit started with 
a 5-min self-paced warm-up on a stationary cycle ergom-
eter. Participants were then fitted to a mechanically braked 
cycle ergometer (Monark 894E, Vansboro, Sweden) and 
repeated 30-s maximal effort sprints against 0.075 kg kg−1 
body weight with 4-min of recovery between bouts. Partici-
pants were instructed to begin sprinting ~5-s before each 
interval to achieve a high cadence before the load was auto-
matically applied by the manufacturers’ software (Anaero-
bic Test Software version 3.2.1.0, Monark). Participants 
were strongly encouraged by the research team to maintain 
maximal effort throughout the 30-s intervals. Light pedal-
ing was encouraged between sprints to promote recovery. 
Peak, mean and minimum power and percent power drop 
(fatigue index) were recorded for each interval.

Neuromuscular testing

Neuromuscular function was assessed before and 3-min 
after SIT on V3, V8, and V10. Testing involved a train of 

5 maximal stimulations of the femoral nerve to measure 
twitch characteristics, followed by three MVCs described 
below. Participants were seated in a custom-built isomet-
ric dynamometer with their hip and knee angle fixed at 90° 
throughout. Force was measured using a load cell (SM-
500-I9; Durham Instruments, Pickering, Ontario, Canada) 
adjusted to each participant. The load cell was connected 
in a direct line to the right ankle at the level of the malle-
oli. Change in neuromuscular variables from pre- to post-
exercise was considered as neuromuscular fatigue. Data 
were collected using PowerLab 8/35 (ADInstruments, 
Colorado Springs, Colorado, USA). The EMG signals were 
amplified with a Dual BioAmp amplifier (ADInstruments, 
Colorado Springs, Colorado, USA; bandwidth frequency 
10–500  Hz input impedance 200 MΩ, common mode 
rejection ratio = 85 dB, gain = ±1%). The placement of the 
EMG and stimulating electrodes were outlined in indelible 
ink to ensure similar placement after training. All data were 
transmitted to a laptop and analyzed using a custom analy-
sis program (Matlab 6.0; Mathworks Inc.).

Measurement of global fatigue

Quadriceps peak force was measured during three 5-s max-
imal voluntary contractions (MVC), each separated by 60-s 
rest. The highest force achieved was reported as MVC peak 
force. Change in MVC force was considered as global neu-
romuscular fatigue.

Measurement of central neuromuscular fatigue

Quadriceps voluntary activation (VA) was used to meas-
ure central neuromuscular fatigue. A high-frequency dou-
blet (100  Hz; 10  ms inter-stimulus interval) was given at 
2.5-s into the MVC and at 2-s after the contraction with the 
muscle in a potentiated state as described by (Millet et al. 
2011). Stimulation intensity was set at 120% of optimal 
intensity. The ratio of the amplitude of the superimposed 
twitch during the MVC over the potentiated twitch (Qtw) 
was used to calculate voluntary activation as follows:

Stimulations of the femoral nerve were delivered from a 
high-voltage (400 V) constant current stimulator (Biopac, 
BSLSTMA, Santa Barbara, California, USA), controlled by 
a custom-designed program (LabChart  7, ADInstruments, 
Colorado Springs, Colorado, USA). A square wave, 1-ms 
stimulation was delivered from a cathode (10 mm diame-
ter) (Kendall 100, Covidien, Saint-Laurent, Quebec, Can-
ada) placed over the femoral nerve at the femoral triangle 
beneath the inguinal ligament. The anode (5 × 10 cm, DJO, 
Vista, California, USA) was placed on the lower portion 
of the gluteal fold opposite to the cathode. Determination 

VA (%) = (1 − superimposed twitch∕Qtw) × 100.
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of optimal stimulation intensity was achieved by increas-
ing stimulation intensity until a further 5 mA increase did 
not alter peak quadriceps twitch force and vastus lateralis 
M-wave amplitude and was reassessed at each visit.

Skin on the vastus lateralis (VL), vastus medialis (VM), 
and the patella were shaved and cleaned with alcohol wipes 
to ensure low signal impedance (Z < 5  kΩ). EMG signals 
were recorded using Ag–AgCl electrodes (Kendall 100, 
Covidien, Saint-Laurant, Quebec, Canada; inter-electrode 
distance 25  mm) placed lengthwise over the mid-belly of 
the muscle with the reference electrode over the patella 
(Hermens et  al. 2000). Muscle activation was determined 
by calculating the EMG root mean square (RMS) averaged 
over 0.2-s periods from when muscle force began to pla-
teau until immediately before the superimposed stimulation 
(Martin et al. 2010). Mean EMG RMS MVCs was normal-
ized by mean MAMP (RMS/MAMP) as a measure of descend-
ing neural drive.

Measurement of peripheral neuromuscular fatigue

The femoral nerve was stimulated with a train of five stimu-
lations, each separated by 5-s rest at 100% of optimal inten-
sity. Twitch peak force (tPF), rate of force development 
(tRFD), time to peak (tTP), and time to half relaxation 
(tHRT) and total twitch area under the curve (tAUC) were 
measured and averaged. Corresponding M-wave data from 
the lateralis (VL) were measured for amplitude (MAMP).

The rate of force development (RFD) from 20 and 80% 
of peak force was calculated for each MVC and averaged. 
The electromechanical delay (EMD) was calculated from 
the time difference from the increase in quadriceps EMG 
activity and force >10 standard deviations from resting 
baseline.

Changes in Qtw is a sensitive method for detecting neu-
romuscular fatigue from cycling (Amann and Dempsey 
2008) and provides a method to quantify peripheral fatigue 
compared to the previously described critical threshold 
of peripheral neuromuscular fatigue (Amann et  al. 2006; 
Thomas et  al. 2015). Five seconds after Qtw, a low fre-
quency doublet (10  Hz; 100  ms inter-stimulus interval) 
was given. The ratio of this stimulation to Qtw was used to 
measure low-force frequency fatigue (LFF) as previously 
described (Verges et al. 2009).

Figure  1 shows an overview of the protocol used to 
assess global fatigue as well as central and peripheral neu-
romuscular fatigue.

Training and dietary controls

All participants were asked to refrain from any strenuous 
activity for 24 h prior to testing and were instructed not to 
participate in any exercise beyond activities of daily living 

during the 2-weeks of training. In Study 2, participants 
were allowed to return to their pre-study exercise habits 
during the 4-week washout period.

Participants were asked to complete a 3-day food record 
culminating on V2. During the study, participants were 
encouraged to eat similar foods and not alter their diet with 
the exception of the provided supplement in Study 2. Prior 
to the second and third TT (Study 2), participants were 
given a copy of their food record for the day prior to the 
TT and asked to follow the food choices and quantities as 
closely as possible.

Study 2 experimental and placebo supplements

Participants in Study 2 were randomized to either the 
experimental N-3 PUFA group or placebo. The supplement 
was given to the participant in a sealed opaque envelope at 
the end of V3. Participants consumed their supplement for 
the duration of training (12-days). Participants consumed 
5 mL of seal oil containing 1115 mg N-3 PUFA (375 mg 
EPA, 230 mg DPA, 510 mg DHA and with 5000 IU retinyl 
palmitate and vitamin D3) (Auum Inc., Timmons, Canada) 
(NPN 80021190) or 5 mL olive oil (Bertolli, Mississauga, 
Canada) matched with 5000 IU retinyl palmitate and vita-
min D (Auum Inc., Timmons, Canada). Participants were 
instructed to take 1–2.5 mL servings orally twice daily, and 
to let the oil remain in the mouth for 1-min before swal-
lowing to allow for potential sublingual absorption (Paltauf 
et al. 1974).

Randomization and concealment

Participants were assigned a sequential study ID based 
on their enrollment. Treatment assignment (N-3 PUFA 
or placebo) was determined from a computer-generated 
random number sequence using variable block sizes to 
enhance concealment. Supplement bottles were then sealed 
in opaque envelopes and labeled with participant ID by a 
researcher not involved in the study. Participants received 
their supplement at the end of the first SIT session. Study 
researchers were unblinded after neuromuscular and 
plasma N-3 PUFA analysis was completed.

Blood sampling

A resting 8 mL blood sample from the antecubital vein was 
collected into K3-EDTA Vacutainer tubes (BD Vacutainer, 
Mississauga, Canada) at the beginning of Visit 3, 8, and 10. 
Samples were centrifuged (3000  rpm for 15 min at 4 °C). 
Plasma samples were collected and stored at 80 C for later 
analysis of plasma N-3 PUFA concentration.
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At visit 3, 8, and 10, a finger prick blood lactate sample 
was taken prior to training and 3-min after sprint 4 (Lactate 
Scout, Cardiff, UK).

Lipid extraction and gas chromatography-flame 
ionization detection

All lipid extraction techniques have been previously 
described by Chen et  al. (2011). To extract total lipids, 
Folch, Lees, and Sloane Stanley’s method was applied by 
use of chloroform:methanol:0.88% KCl (2:1:0.75 by vol.) 
with a known quantity of heptadecanoic acid (17:0) as 
internal standard. Following extraction, total lipid extracts 
(TLE) were heated for 1h at 100 °C with 14% boron trif-
luoridemethanol in methanol to transesterify lipids to fatty 
acid methyl esters (FAME; ester-linked fatty acids). Gas 
chromatography-flame ionization detection (GC-FID) was 
used to quantify FAME.

A Varian-430 gas chromatograph (Varian, Lake Forest, 
California, USA) with an Agilent capillary column (DB-
23ms; 30 m · 0.25 mm i.d. · 0.25 μm film thickness) and an 
FID was used to analyze FAME injected in splitless mode. 
Injector and detector ports were set at 250 °C, and helium 
carrier gas was set at a constant flow rate of 0.7 mL/min. 
A specific temperature program was used during FAME 
elution; it was set at 50 °C for 2 min, slowly increasing by 
20 °C/min, and held at 170 °C for 1 min, then at 3 °C/min 
and held at 212 °C for 5 min to complete the run at 28 min. 
Retention times of authentic FAME standards (Nu-Chek 
Prep, Inc., Elysian, MN, USA) were used to identify peaks. 
Internal standard (17:0) peaks were compared to FAME 
peaks to calculate fatty acid concentrations, with final val-
ues expressed percent concentration in plasma.

Statistics

All data are presented as means ± SD (SPSS v22; IBM 
Corp., Armonk, NY, USA). Mauchley’s test of sphericity 
was used to assess the variance of data and where viola-
tions occurred, corrections were made using the Green-
house–Geisser adjustment to prevent inflation of F ratios.

Study 1 Wingate and TT data were analyzed using a 
paired samples t test. Neuromuscular data were analyzed 
using a one-way repeated measures analysis of variance 
(ANOVA) with Bonferroni’s pairwise comparison to 
determine differences between times.

Two analyses were performed in Study 2 to exam-
ine effect of N-3 PUFA supplementation on adaptations 
to training (V2/3 vs. V8/9) and the subsequent effect of 
N-3 PUFA washout and detraining compared to baseline 
(V2/3 vs. V10/11). This analysis plan was selected as 
V10 and V11 data were exploratory and to account for the 
number of participants lost to follow-up after V9 (Fig. 2). 
Wingate, plasma fatty acid composition, TT, and within 
visit neuromuscular percent change data were analyzed 
using a group (2) by time (2) repeated measures ANOVA. 
Neuromuscular data were analyzed with a group (2) by 
time (4) repeated measures ANOVA. Where there was a 
main effect for time, Bonferroni’s pairwise comparison to 
determine differences between times. Study 2 descriptive 
data were analyzed using an independent samples t test. 
Significance was set at p ≤ 0.05.

Study 1 results

Adaptations to SIT

In response to training, participant’s body weight 
decreased from 82.1 ± 12.4  kg to 81.0 ± 13.0  kg 
(p = 0.007) with no change in body fat [13.4 ± 7.8 vs. 
12.9 ± 7.8% (p = 0.2)].

After 2-weeks of SIT, first sprint peak power increased 
21% from 710 ± 210  W to 860 ± 230  W (p = 0.05) and 
peak power in the fourth sprint tended to be higher as well, 
670 ± 160  W compared to 790 ± 180  W (p = 0.08). Aver-
age power in the first sprint was unchanged at 645 ± 161 W 
compared to 655 ± 140 W (p = 0.4), whereas average power 
in the fourth sprint increased 12.5% from 480 ± 100 W to 
540 ± 110 W (p = 0.03). There was no change in the percent 
power drop on the first or fourth sprint.

Fig. 2  Flow diagram showing 
the experimental overview of 
participants in Study 1 and 2. 
Studies occurred separately. 
Black arrows indicate blood 
sampling. White arrows indicate 
neuromuscular testing. SIT-4 
indicates the number of sprints 
intervals performed by partici-
pants
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Global fatigue

MVC force was not significantly different between pre-V3 
and pre-V8 (Table 2).

Central neuromuscular fatigue

Quadriceps VA was not different within or between V3 and 
V8. No differences were observed within or between V3 
and V8 for EMG RMS/ MAMP (p = 0.1) measured during 
MVCs.

Peripheral neuromuscular fatigue

tPT was not different between pre-V3 and pre-V8, but was 
significantly lower after each training session (p < 0.001). 
tRFD was lower after V3 training (p = 0.02) but not after 
V8 (p = 0.1). tAUC was not different between pre-V3 and 
pre-V8 (p = 0.7), but was significantly lower after each 
training session (p = 0.001). There were no differences 
within or between V3 and V8 for tTP (p = 0.6) or tHRT 
(p = 0.6) (data not shown). Qtw was not different between 
pre-V3 and pre-V8 (p = 0.8), but was significantly lower 
after each training session (p < 0.02). There was a signifi-
cant increase in LFF after V3 and V8 training sessions 
(p < 0.05). There were no differences between or within 
V3 and V8 for MVC RFD (p = 0.1) or EMD (p = 0.8). No 
differences were found within or between V3 and V8 for 
M-wave MAMP (p = 0.2).

10 km TT performance

TT time was improved by 10% after training, decreas-
ing from 1263 ± 244  s to 1137 ± 248  s (p < 0.001). Mean 
RPM tended to increase in response training from 95 ± 10 
to 100 ± 13 (p = 0.1), while heart rate was not different 
between tests (p = 0.8).

Study 2 results

Of the 30 participants that started the study, two did not 
complete the training protocol and one participant’s data 
was excluded for inconsistent effort (n = 27) (Fig. 2). Seven 
participants were lost to follow-up for visit 10 (n = 20).

Adaptations to SIT

Neither SIT nor placebo and N-3 PUFA supplementation 
had any significant effect on body mass for either group; 
however, body composition showed a main effect for time 
with lower percent body fat (p = 0.05).

After 2-weeks of SIT, there were no interaction effects, 
main effects for group or time in first sprint peak power 
(p = 0.2), average power (p = 0.3), or minimum power 
(p = 0.4) (Fig.  3). First sprint percent power drop (fatigue 
index) showed a main effect for time from V3 to V8 and 
decreased from 59 ± 12 to 53 ± 11% (p = 0.04). Fourth 
sprint average power showed a main effect for time from 

Table 2  Neuromuscular changes in response to a single SIT session and 2-weeks of training

Study 1 was analyzed using a one-way ANOVA. Data is shown as mean ± SD. P value for absolute (Abs) and percent change (%) interaction 
effect
MVC maximal voluntary contraction force, VA voluntary activation, VL rms/MAMP ratio of vastus lateralis EMG root mean squared to M-wave 
amplitude, tPF twitch peak force, RFD rate of force development, Qtw potentiated twitch force, LFF low-force frequency fatigue, MAMP M-wave 
amplitude
a Indicates different from Pre-values (p < 0.05)

Visit 3 Visit 8 P time

Pre Post % Change Pre Post % Change Abs %

Global fatigue
 MVC force (N) 592 ± 147 499 ± 128 −14 ± 15 634 ± 212 559 ± 191 −11 ± 11 0.04 0.4

Central fatigue
 VA (%) 88 ± 9 82 ± 10 −7 ± 4 87 ± 5 86 ± 5 −1 ± 4 0.2 0.04
 VL (rms/MAMP) 0.11 ± 0.03 0.11 ± 0.04 −8 ± 23 0.12 ± 0.05 0.10 ± 0.05 −15 ± 34 0.7 0.2

Peripheral fatigue
 tPF (N) 123 ± 25 71 ± 28a −41 ± 22 121 ± 36 71 ± 17a −38 ± 19 <0.001 0.5
 RFD (N s−1) 2043 ± 872 1212 ± 494 −34 ± 27 2041 ± 1158 1553 ± 826 −13 ± 42 0.1 0.1
 Qtw (N) 190 ± 57 116 ± 32a −36 ± 18 199 ± 43 122 ± 26a −38 ± 9 <0.001 0.6
 LFF (AU) 0.80 ± 0.11 1.0 ± 0.22 31 ± 22 0.78 ± 0.11 0.95 ± 0.09 24 ± 17 0.003 0.4
 MAMP (mV) 7.0 ± 1.8 7.1 ± 2.0 1 ± 17 6.1 ± 2.4 7.7 ± 1.9 38 ± 50 0.5 0.2
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V3 to V8 and increased from 366 ± 71 to 390 ± 89  W 
(p = 0.02).

After 4-weeks of washout, there were no interaction 
effects, main effects for group or time in first sprint peak 
power (p = 0.4), average power (p = 0.4), minimum power 
(p = 0.2), percent power drop (p = 0.8).

Global fatigue

Quadriceps MVC force showed a main effect for time from 
V3 vs. V8 and V3 vs. V10 (p < 0.001) (Table 3). Pairwise 
comparisons showed MVC force was also lower at pre-V8 
compared to pre-V3 (p = 0.006) and that post-SIT MVC 
force was lower at after all SIT session (p < 0.001). MVC 
force percent change from V3 to V8 showed an interac-
tion effect as the placebo group decreased 11% and the 
N-3 PUFA group was unchanged (p = 0.04). A main effect 
for time showed V10 percent change was lower than V3 
(p = 0.03). Figure  4 shows representative force trainings 
from V3 and V8.

Central neuromuscular fatigue

VA showed a main effect for time from V3 vs. V8 and V3 
vs. V10 (p < 0.02) (Table 3). Pairwise comparisons showed 
that pre-V8 tended to be lower than pre-V3 (p = 0.055). VA 
percent change showed no difference between V3 and V8 
or V3 and V10 (p > 0.05). There were no interaction, time 

or group effects for EMG RMS/MAMP between V3 and V10 
(p = 0.08) or V3 and V11 (p = 0.6) (Table 3).

Peripheral neuromuscular fatigue

Peripheral neuromuscular data is shown in Table  3. tPF 
showed a main effect for time from V3 vs. V8 and V3 vs. 
V10 (p < 0.001). Pairwise comparisons showed that post-
SIT tPF was lower after all SIT session (p < 0.01). tPF per-
cent change showed a main effect for time and was lower at 
V8 and V10 compared to V3 (p < 0.02).

tRFD showed a main effect for time from V3 vs. V8 and 
V3 vs. V10 (p < 0.001). Pairwise comparisons showed that 
post-SIT tRFD was lower at after all SIT session (p < 0.01). 
Pairwise comparison showed that post V10 was higher than 
post V3 (p = 0.03). tRFD percent change showed no differ-
ence between V3 and V8 but V10 was lower compared to 
V3 (p < 0.02).

tAUC showed a main effect for time from V3 vs. V8 and 
V3 vs. V10 (p < 0.03). Pairwise comparisons showed that 
post-SIT tAUC was lower at after all SIT session (p < 0.01). 
tAUC percent change showed no difference between V3 
and V8 or V3 and V10 (p > 0.05). tTP and tHRT were not 
significantly different at V8 or V10 compared to V3.

MVC RFD showed a main effect for time from V3 vs. 
V8 and V3 vs. V10 (p < 0.01). Pairwise comparisons 
showed that post-SIT Qtw was lower at after all SIT V3 and 
V8 only (p < 0.01). RFD percent change at V8 or V10 was 
not significantly different from V3.

Qtw showed a main effect for time from V3 vs. V8 and 
V3 vs. V10 (p < 0.001). Pairwise comparisons showed that 

Fig. 3  Study 2 peak, average, 
and percent power drop in the 
first sprint of each training ses-
sion. Placebo and N-3 PUFA 
groups are combined. Values 
are mean ± SD Main effect for 
time for percent power drop 
(*p < 0.05)
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Table 3  Neuromuscular 
changes in response to a single 
SIT session, 2-weeks of training 
with placebo or N-3 PUFA 
supplementation and follow-up

Data were analyzed using a group (2) by time (4) repeated measures ANOVA comparing visit 3 vs. visit 
8 and visit 3 vs. visit 10. Percent change was analyzed using a group (2) by time (2) repeated measures 
ANOVA. Data is shown as mean ± SD. P value for absolute (Abs) and percent change (%) interaction effect
MVC maximal voluntary contraction force, VA voluntary activation, VL rms/MAMP ratio of vastus lateralis 
EMG root mean squared to M-wave amplitude, tPF twitch peak force, RFD rate of force development, Qtw 
potentiated twitch force, LFF low-force frequency fatigue, MAMP M-wave amplitude
a Indicates main effect for time (p < 0.05)
b Indicates different from Pre-values (p < 0.05)
c Indicates different from Pre-V3
d Indicates dicfferent from V3 percent change

Placebo N-3 PUFA P interac-
tion

Pre Post % Change Pre Post % Change Abs %

Global fatigue
 MVC force (N)a

  V3 579 ± 124 415 ± 129b −29 ± 16 598 ± 137 440 ± 86b −24 ± 12
  V8 516 ± 94c 408 ± 10b −18 ± 12e 536 ± 94c 425 ± 83b −24 ± 11d 0.9 0.03
  V10 544 ± 75 453 ± 103b −18 ± 15e 519 ± 101 418 ± 126b −20 ± 16d 0.9 0.3

Central fatigue
 VA (%)a

  V3 91 ± 4 89 ± 6 −2 ± 8 89 ± 7 85 ± 7 −4 ± 6
  V8 89 ± 6 85 ± 14 −5 ± 10 85 ± 8 81 ± 10 −3 ± 12 0.9 0.4
  V10 87 ± 8 83 ± 7 −0 ± 8 83 ± 9 79 ± 10 −8 ± 8 0.9 0.08

 VL (rms/MAMP)
  V3 0.17 ± 0.11 0.14 ± 0.05 −3 ± 37 0.10 ± 0.04 0.12 ± 0.04 12 ± 20
  V8 0.12 ± 0.05 0.11 ± 0.03 −1 ± 32 0.12 ± 0.05 0.13 ± 0.05 16 ± 41 0.08 0.9
  V10 0.13 ± 0.03 0.17 ± 0.24 8 ± 51 0.07 ± 0.03 0.07 ± 0.02 7 ± 28 0.6 0.7

Peripheral fatigue
 tPF (N)a

  V3 106 ± 25 52 ± 23b −50 ± 12 122 ± 32 54 ± 23b −56 ± 19
  V8 101 ± 38 57 ± 28b −48 ± 24 106 ± 32 65 ± 34b −43 ± 18 0.7 0.6
  V10 110 ± 21 80 ± 36b −35 ± 32 115 ± 24 78 ± 29b −32 ± 20 0.3 0.3

 RFD (N s−1)a

  V3 1622 ± 596 1211 ± 519b −32 ± 26 1785 ± 777 1167 ± 514b −23 ± 21
  V8 1544 ± 636 1081 ± 51b −30 ± 25 1655 ± 748 1120 ± 579b −25 ± 24 0.9 0.7
  V10 1628 ± 746 1365 ± 620 −1 ± 28 1780 ± 510 1391 ± 643 −19 ± 42 0.9 0.1

 Qtw (N)a

  V3 184 ± 47 97 ± 35b −45 ± 15 200 ± 34 101 ± 25b −49 ± 13
  V8 156 ± 46c 99 ± 36b −39 ± 14d 176 ± 38c 107 ± 38b −36 ± 13d 0.5 0.8
  V10 179 ± 34 118 ± 52b −38 ± 21d 180 ± 33 113 ± 39b −38 ± 13d 0.7 0.8

 LFF (AU)a

  V3 0.78 ± 0.10 1.10 ± 0.33b 39 ± 35 0.77 ± 0.12 1.00 ± 0.14b 32 ± 26
  V8 0.82 ± 0.13 0.97 ± 0.15b 20 ± 17 0.79 ± 0.11 0.95 ± 0.15b 24 ± 31 0.7 0.4
  V10 0.74 ± 0.05 0.96 ± 0.13b 30 ± 15 0.77 ± 0.09 0.96 ± 0.10b 24 ± 13 0.5 0.2

 MAMP (mv)
  V3 7.2 ± 3.3 7.0 ± 2.4 −3 ± 24 6.2 ± 1.9 6.0 ± 2.2 −5 ± 15
  V8 6.2 ± 1.9 7.0 ± 2.4 −8 ± 75 6.1 ± 2.0 5.2 ± 1.9 8 ± 9 0.2 0.7
  V10 6.2 ± 3.0 4.9 ± 2.2 −12 ± 43 5.2 ± 1.9 5.6 ± 2.3 11 ± 18 0.4 0.1
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pre-V8 was lower than pre-V3 and post-SIT Qtw was lower 
after all SIT session (p < 0.01). Qtw percent change showed 
a main effect for time and was lower at V8 and V10 com-
pared to V3 (p < 0.02).

LFF showed a main effect for time from V3 vs. V8 and 
V3 vs. V10 (p < 0.001). Pairwise comparisons showed that 
post-SIT LFF was higher after all SIT session (p < 0.03). 
LFF percent change at V8 and V10 was not significantly 
different from V3.

There were no interaction, time or group effects for 
MAMP between V3 and V10 (p = 0.2) or V3 and V11 
(p = 0.7) (Table 3).

Blood lactate

Blood lactate showed no difference between groups but 
a main effect for time, increasing at V3 from 1.9 ± 0.8 
to 15.1 ± 2.7  mmol  L−1 and at V8 from 1.9 ± 0.5 to 
14.5 ± 3.3 mmol L−1 (p < 0.001). At V10, lactate increased 
from 2.0 ± 0.4 to 13.7 ± 5.5 mmol L−1 (p < 0.001).

Plasma N-3 PUFA

Plasma N-3 PUFAs are shown in Table  4. Between V3 
and V8, there was an interaction effect for eicosapentae-
noic acid (EPA) showed an interaction effect with the N-3 
PUFA group increasing 40% and placebo group decreasing 
5% at visit 8 (p = 0.02). Docosapentaenoic acid (DPA) did 
not show an interaction effect (p = 0.6) but a main effect for 
time was present with the N-3 PUFA and placebo groups 
increasing (p = 0.04). Docosahexaenoic acid (DHA) tended 
to be higher with the N-3 PUFA group increasing 15% 
compared to 6% placebo group (p = 0.06); however, a main 
effect of time (p = 0.02). There was a main effect of time for 
N-6 PUFA arachidonic acid (ARA) that decreased during 
supplementation (p = 0.003). The N-6 PUFA:N-3 PUFA 
showed an interaction effect with a 20% decrease in the 
N-3 PUFA group compared to a 5% decrease in the placebo 
group. At V10, a main effect for time was still present for 
DPA and ARA (p < 0.05).

Fig. 4  Representative force tracings from Study 2. The arrows indicate where superimposed stimulation occurred

Table 4  Study 2 absolute fatty acid concentration in plasma (mg/100 mL)

Change in plasma fatty acid percent composition was analyzed using a group (2) by time (2) repeated measures ANOVA comparing visit 3 vs. 
visit 8 and visit 3 vs. visit 10. Data is shown as mean ± SD
a Indicates main effect for time (p < 0.05)

V3 V8 P interaction V10 P interaction

Placebo N-3 PUFA Placebo N-3 PUFA Placebo N-3 PUFA

EPA 1.51 ± 0.87 1.64 ± 0.76 1.44 ± 0.84 2.29 ± 0.85 0.02 1.49 ± 0.81 1.63 ± 1.44 0.7
DPA 1.85 ± 0.67 2.00 ± 0.61 2.05 ± 0.68a 2.03 ± 0.37a 0.6 2.20 ± 0.75a 2.00 ± 0.57a 0.4
DHA 3.13 ± 1.30 3.34 ± 0.57 3.26 ± 1.41a 3.85 ± 0.62a 0.06 3.03 ± 1.15 3.15 ± 1.15 0.7
Total N-3 9.99 ± 6.56 9.59 ± 1.95 9.71 ± 4.64 10.15 ± 1.80 0.2 10.67 ± 7.25 9.58 ± 3.52 0.9
ARA 0.28 ± 0.14 0.28 ± 0.12 0.25 ± 0.13a 0.20 ± 0.07a 0.3 0.25 ± 0.12a 0.23 ± 0.08a 0.08
Total N-6 111.37 ± 44.93 112.44 ± 23.91 107.20 ± 38.19a 95.69 ± 17.77a 0.1 117.41 ± 63.01 99.89 ± 30.08 0.2
Total HUFA 27.18 ± 10.21 28.46 ± 5.48 27.92 ± 10.60 27.35 ± 4.79 0.7 27.53 ± 9.76 25.36 ± 6.75 0.2
N-6:N-3 12.09 ± 2.41 11.86 ± 2.07 11.48 ± 1.90a 9.49 ± 1.16a 0.04 11.74 ± 2.21 11.05 ± 2.71 0.8
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10 km TT performance

There was a main effect for time as TT time decreased from 
V2 to V9 by −8 and −12% for the N-3 PUFA and placebo 
groups, respectively (p < 0.001) (Fig. 5). Comparison of V2 
and V11 showed a main effect for time with a decrease of 
−10% for both groups (p = 0.001).

Cycling cadence showed a main effect for time as mean 
RPM increased from V2 to V9 (p = 0.02) (Fig.  5). At 
V11, RPM tended to be higher than V2 (p = 0.06). Mean 
heart rate was not different between groups or time at V9 
(p = 0.4) or V11 (p = 0.2).

Discussion

These studies are the first to report changes in neuromus-
cular function following acute Wingate-based SIT and 
investigate the role of neuromuscular adaptations in over-
all adaptations to SIT. Findings from Study 1 and 2 dem-
onstrate that acute SIT causes neuromuscular fatigue pri-
marily from peripheral factors. Two weeks of SIT does not 
appear to promote measurable neuromuscular adaptations, 
and in fact this type of training appears to cause residual 
neuromuscular fatigue. However, we did observe cycling-
specific training adaptations measured from Wingate vari-
ables and improved 10  km TT performance in both stud-
ies that might have been the result of previously described 
metabolic adaptations (Burgomaster et al. 2007, 2005; Lit-
tle et al. 2011).

Neuromuscular adaptations to SIT

Findings from Study 1 and 2 indicate that 2-weeks of SIT, 
with or without N-3 PUFA supplementation, does not stim-
ulate neuromuscular adaptations as measured by quadriceps 
MVC force, contrary to our hypotheses. A single session of 
SIT was a potent stimulator of neuromuscular fatigue, elic-
iting a −14 to 29% change in MVC force, which is similar 
to the −18% change reported by Fernandez et al. (Fernan-
dez-del-Olmo et al. 2011) after two Wingates. Surprisingly, 
there was no evidence of central neuromuscular fatigue in 
the present studies; however, peripheral neuromuscular 
fatigue was pervasive as evident from lower resting twitch 
characteristics including tPF (−41 to 56%) and Qtw (−36 
to 49%). Here, we report Qtw peripheral fatigue beyond the 
previously suggested critical threshold of ~35% after con-
stant cycling exercise (Amann and Dempsey 2008; Amann 
et  al. 2006, 2009). In our neuromuscular testing protocol, 
we did not have any MVCs without superimposed stimula-
tion. Reports have shown that study participants might not 
provide maximal force in anticipation of the superimposed 
stimulus (Button and Behm 2008). Some participants did 
show an acute decrease in force prior to stimulation; how-
ever, this was after peak force was achieved. To further 
address this limitation, we selected the highest force read-
ing of the three MVCs per testing session.

It is possible that the intermittent nature of SIT training, 
compared to constant cycling, allowed the metabolic stress 
within the muscles to partially resolve between each bout, 
thus enabling participants to continue training at maxi-
mal effort while allowing fatigue to progressively increase 
after each sprint. We measured a significant increase in 

Fig. 5  Study 2 10 km time trial 
performance. Overall time is 
displayed on the primary axis. 
Mean cycling cadence (RPM) is 
displayed on the secondary axis. 
Asterisk cycling time different 
from Visit 2 (p < 0.05). Plus 
cadence different from visit 2 
(p < 0.05)
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blood lactate in response to training; however, it is likely 
that metabolic stress from multiple factors, including the 
accumulation of H + and inorganic phosphates, altered 
calcium balance, and glycogen depletion, were involved 
in the manifestation such high peripheral neuromuscular 
fatigue. Interestingly, recreationally active participants in 
the study by Place et al. (Place et al. 2015) showed higher 
MVC force loss and LFF compared to the present study. 
This could have been the result of higher baseline fitness, 
as these participants had a mean  VO2max 10 mL kg min−1 
higher than the present study. This higher level of fitness 
could have resulted in higher fatigue from more cycling 
work completed.

Despite the intense nature of the SIT protocol and acute 
neuromuscular fatigue measured during the first train-
ing session, neuromuscular adaptations to SIT at V8 were 
not apparent in either study. Study 2 participants showed 
residual training-induced neuromuscular fatigue in pre-V8 
neuromuscular testing. Residual peripheral neuromuscular 
fatigue was also present as measured from Qtw. Given this 
residual fatigue, it is surprising that there was no low-force 
frequency fatigue from training. Neuromuscular measure-
ment after V8 training showed similar global and periph-
eral neuromuscular fatigue as measured after V3 training. 
Percent change in Qtw was significantly less than that meas-
ured at V3; however, we do not interpret this as a training 
adaptation given the pre-training fatigue.

The exploratory endpoint of V10 showed that partici-
pants’ neuromuscular function returned to pre-training 
baseline. Training-induced global and peripheral fatigue 
was attenuated in both groups as demonstrated by MVC 
and Qtw suggesting SIT-induced neuromuscular adaptations 
might have been realized during the post-training period. 
Previously observed increases in glucose transporter 4 and 
cytochrome C oxidase subunit-4 during 6-weeks of SIT are 
maintained up to 6 weeks post-training (Burgomaster et al. 
2007); however, the observed increase in monocarboxylate 
transporter (MCT) that regulate muscle lactate and H + are 
only maintained 1-week post-training (Burgomaster et  al. 
2007). Therefore, the attenuated neuromuscular fatigue 
observed at V10 might be the result of both neural and met-
abolic adaptations to SIT.

N-3 PUFA supplementation does not alter 
neuromuscular adaptations to SIT

Plasma N-3 PUFA EPA concentrations increased, while 
DHA tended to be higher in response to 12-days of sup-
plementation and subsequently returned to baseline over 
the 4-week washout period (Table 4). Previous reports have 
suggested that N-3 PUFA supplementation can enhance 
neuromuscular adaptations to exercise training in well-
trained males (Lewis et al. 2015) and previously sedentary 

elderly females (Rodacki et  al. 2012). From these studies 
and others, N-3 PUFAs have been suggested to enhance 
adaptations to exercise through a variety of mechanisms 
including increased acetylcholine concentration and acetyl-
cholinesterase activity at the neuromuscular junction (Pat-
ten et al. 2002); altered membrane dynamics from increased 
N-3 PUFA incorporation that could increase nerve conduc-
tion velocity (Stiefel et  al. 1999); or improved peripheral 
blood flow (Schiano et al. 2008). In the present study, N-3 
PUFA supplementation had no effect on adaptations to SIT 
or detraining. This might have been the result of the sup-
plementation duration used in the present study. Previous 
findings have suggested that 3-weeks of N-3 PUFA supple-
mentation is the minimum duration to promote any neuro-
muscular ergogenic effects (Lewis et  al. 2015) as 14-days 
of supplementation is necessary for incorporation into mus-
cle membranes (McGlory et  al. 2014). Alternatively, the 
intensity of training could have overwhelmed the potential 
influence of N-3 PUFA as was observed in recent evalua-
tion of beta-alanine on adaptations to SIT (Cochran et  al. 
2015b). As such, future SIT investigations could evaluate 
a higher N-3 PUFA supplementation dose during a longer 
period of training.

SIT adaptations are cycling specific

SIT training data indicates participants in Study 1 improved 
cycling force generating a capacity (peak power), whereas 
Study 2 participants showed improvements in muscle 
endurance (percent power drop). Previous investigation of 
SIT has demonstrated an improvement in cycling perfor-
mance more consistent with Study 1 as a result of increased 
muscle glycogen storage and metabolic capacity (Burgo-
master et  al. 2005); however, these metabolic adaptations 
along with increased muscle MCT concentration could also 
enhance cycling performance as observed in Study 2.

Participants in both studies decreased 10  km TT time 
(−8 to 12%) after 2-weeks of SIT, which is consistent with 
previous findings (Burgomaster et al. 2006). After 4-weeks 
of detraining, TT time was still improved (−10%) com-
pared to V2, which is consistent with SIT-associated main-
tenance of glucose transporter 4 and cytochrome C oxidase 
subunit-4 during detraining (Burgomaster et  al. 2007). 
Improved TT performance was related to higher cycling 
cadence, which provides some evidence of cycling-spe-
cific neuromuscular adaptations. However, the metabolic 
cost of higher cadence cycling is fueled by carbohydrate-
based metabolism (Beelen and Sargeant 1993), thus, sug-
gesting that cycling-specific neuromuscular and metabolic 
adaptations might have occurred in concert to improve TT 
performance.
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Conclusions

Findings from these studies show that a single SIT session 
causes peripheral neuromuscular fatigue. Furthermore, 
2-weeks of SIT with or without N-3 PUFA supplementa-
tion does not enhance neuromuscular function measured by 
change quadriceps MVC force, contrary to our hypothesis. 
The residual neuromuscular fatigue observed from train-
ing in Study 2 suggests neuromuscular adaptations may not 
have been realized without a post-training recovery period. 
N-3 PUFA supplementation increased plasma concen-
tration of EPA, DPA, and DHA, but did not significantly 
enhance or impair adaptations to training from similar 
improvements in 10  km TT performance between studies 
and groups. It appears that the stress and neuromuscular 
fatigue from training were more pervasive than the previ-
ously reported ergogenic effect of N-3 PUFA supplementa-
tion during prolong training (Rodacki et al. 2012). As such, 
2-weeks of SIT training improved 10 km cycling TT per-
formance; however, previously reported metabolic adapta-
tions to SIT appear to have been the primary contributor to 
these cycling adaptations with neuromuscular adaptations 
potentially playing a secondary role.
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