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Abstract

Background/Objectives: Smelling salts are a commonly used ergogenic aid i various sports,
particularly in elite hockey. However, the extent of performance enhancing effects of smelling
salts on reaction time and performance remains unclear. Therefore, the purpose of this study was
to compare the effects of smelling salts vs. no salts on: 1) simple and choice reaction time tasks;
2) anaerobic power through measurement of peak power, mean power, and power drop of a
Wingate test and; 3) the sympathetic cardiorespiratory response as measured by heart rate and
breathing rate. It was hypothesized that smelling salts would stimulate the sympathetic nervous
system, which may in furn improve reaction time and anaerobic performance that may improve
hockey player performance.

Methods: Sxteen male hockey players (mean age = 21 =+ 2 years; height = 180 + 6 cm; weight
82.8 + 6.5 kg; BMI 25.58 = 2.93 kg/m’) participated in the study. Participants took part in a
randomized crossover design, with treatment (salts vs. no salts) and sequence (week one vs.
week two) as independent vanables. In both trials baseline supine resting heart rate (beats per
minute) and breathing rate (breaths per minute) were recorded, followed by a standardized five-
minute warm-up on the cycle ergometer. Participants were then seated in front of a computer
monitor during the reaction time testing. In the smelling salts trial, the participant inhaled a
smelling salt that was cracked capsule 30 cm away from nostrils and brought closer to nostrils
until withdrawal reflex, while their heart rate (beats per minute) and breathing rate (breaths per
minute) were continuously recorded (Zephyr Bioharness™). After 60 seconds of momitoring, a
series of simple and choice reaction time tasks (ms) (total of 60 trials) that involved keyboard
responses to visual stimuli on the monitor commenced. Reaction time testing lasted six nunutes
and was immediately followed by a maximal effort 30 sec Wingate cycle ergometer test. Peak
power (W/kg), mean power (W/kg), and power drop (W/sec/kg) were recorded. During the “no
salts’ trial participants performed the same tasks previously described followed by a deep
mhalation through the nostrils without the smelling salts.

Results: Seven 2 (qgeatment: saltvs. no salf) X 2 (sequence: week one vs. week two) I1Xed factor ANOVAs with
repeated measures on the first factor, were used to compare the effects of smelling salts on all the
dependent vanables mcluding simple and choice task reaction times, peak power, mean power,
and power drop as well as the cardiorespiratory measures of change in heart rate and change 1n
breathing rate. Analyses identified no interaction effect between treatment and sequence, nor
were there any main effects of treatment or sequence for the performance vaniables. The smelling
salts sigmficantly increased the cardiorespiratory variables between treatments (salts vs. no salts)
with no main effect of sequence.

Conclusion: Although heart rate and breathing rate were sigmficantly elevated following the
smelling salt inhalation, within six nunutes of mmhalation smelling salts do not serve as an
ergogenic aid for reaction time or anaerobic power of hockey players.
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Chapter 1
Introduction

Ammonium carbonate inhalants, frequently referred to as smelling salts, are most
collectively known for their ability to stimulate faint or unconscious people (Dynarex
Corporation, 2015). Despite ammoma products being well known for their hazardous properties,
with well-documented dangers of exposure to the substance, including addiction, bumns, toxicity,
and death, many athletes use smelling salts as an ergogenic aid to enhance performance (Herrick
& Hernick, 1986; Leduc, et al, 1992; Perkins et al , 2017). Hockey players often use smelling
salts in hopes to mncrease arousal and anaerobic power output (McCrory, 2006; Prewitt, 2016;
Velasquez, 2011). Research on the benefits of smelling salts 1s limited and inconsistent, leaving
the mechanism behind potential performance enhancement as highly speculative. The effects of
smelling salts on anaerobic power vary, this seems dependent on the duration of the event they
are used for. Research regarding the effects of smelling salts on ultra short-term anaerobic power
(1.e. powerlifting) demonstrates no effect (Perry, Pritchard, & Barnes, 2016; Richmond, Potts, &
Sherman, 2014; Vigil, Sabatin1, Hill, Swain, & Branch, 2017). However, research identifying the
mmpact of smelling salts on anaerobic power events of 30 seconds have shown significant
improvements i peak and mean power (Secrest, 2014).

Previous research has primanly focused on understanding the anaerobic benefits of
smelling salts on power-lifters. According to Pritchard and colleagues (2014) roughly 50 percent
of power-lifters use smelling salts in competition and/or training bouts. Preliminary evidence on
effects of smelling salts on ultra-short anaerobic performance suggests it 1s ineffectrve for
powerlifting one repetition maximum (1RM), nonetheless they have shown to be prevalent in the

sport (Perry et al , 2016; Pritchard et al |, 2014; Richmond et al., 2014; Vigil et al , 2017).
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Anecdotal evidence regarding the prevalence of use of smelling salts by hockey players suggests
a large population of hockey players use smelling salts regularly. For example, one professional
hockey player stated, “1t’s almost like a cerebral way of saying, ‘Hey, 1t’s game time now._ It’s
time to get going™ (Prewitt, 2016). Many hockey players have claimed a sinmlar cognitive and
performance benefit through this raised arousal, however the research as to how and/or 1f such
substances benefit performance has yet to be identified. Hockey 1s considered a metabolically
unique sport, so the current research around smelling salts effects on power-lifters should not be
extrapolated to the athletic performance involved in hockey (Cox, Miles, Verde, & Rhodes,
1995). The most notable difference between hockey players and power lifters 1s 1n energy
pathways accessed by athletes performing these two sports; hockey demands predominantly an
mtense glycolytic activity and aerobic fitness, power-lifters would rely more heavily on the ATP-
PC energy pathway (Cox et al , 1995; Rivera-Brown & Frontera, 2012).

The prevailing concept of the underlying physiological mechamics are that smelling salts
act as an imtant to the respiratory passages and this imtation stimulates the body’s autonomic
nervous system; specifically, the sympathetic nervous system (Velasquez, 2011). Stimulation of
the autonomic level 1s likely related to activation of the trigeminal and olfactory nerves (Bensafi
et al | 2002). The sympathetic nervous system division in turn primes the body for action by
releasing norepinephrine, activating the adrenergic receptors on the peripheral tissue, as well as
mcreasing cardiac output (Marshall, 1982).

As previously mentioned, the research surrounding smelling salts on powerhifting
1dentified no sigmificant effects on performance (Perry et al , 2016; Richmond et al, 2014; Vigil
etal , 2017). Some improving results, however, have been reported in studies using Wingate

anaerobic testing (1.e. a 30 second all out sprint cycle against a set resistance) (Secrest, 2014).
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The Wingate test has been recognized by many as the standard method for studymg anaerobic
power outputs due to its high reliability and 1s considered the standard to infer anaerobic power
for hockey performance (Bar-Or, 1987; Bringhurst, Wagner, & Schwartz, 2017; Malone, Blake,
& Caulfield, 2014). This anaerobic cycling test measures peak and mean power over a 30 second
period that test the ATP-PC (peak power) and glycolytic pathways (mean power) (Bar-Or, 1987).
Studies to date have not examined the claim of raised psychological arousal after exposure to
smelling salts in connection to athletic performance, however previous research has
demonstrated that psychological arousal can have a sipmificant positive effect on anaerobic
performance as well as reaction time performance (Parfitt, Hardy, & Pates, 1995; Santos et al |
2014).

Psychological arousal effect associated with smelling salts has been compared to the
responses resulting from the mgestion of caffeine (McCrory, 2006, Prewitt, 2016; Velasquez,
2011). The effects of caffeine as a psychological stimulant have been examined more thoroughly
than smelling salts, with findings that demonstrate an improvement in reaction time (Santos et al_,
2014; Sowssi et al | 2013). These improvements stem from an increased mnformation-processing
speed of relevant information along neuronal pathways (Dixit, Goyal, Thawam, & Vaney, 2012).
Despite the frequent companison of smelling salts to caffeine, the impact of smelling salts on
reaction time 1s not understood. Due to their similar psychological arousal effects, smelling salts
may have a comparable result on reaction time.

The proposed research aimed to exanune the effectiveness of smelling salts as an
ergogenic aid for elite hockey players. The impact of smelling salt usage on simple reaction time
tasks allows for inference on the stimulus identification of the speed of information processing,

and choice reaction time tasks allows for implications on decision making. Simple and choice
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reaction time tests are simplified versions of performances that hockey players complete during
gameplay; for example a faceoff draw, or quick decisions to advance the puck. The impact of
smelling salts on the Wingate anaerobic tests performance will demonstrate the affect on
anaerobic power. The Wingate test measures peak power, mean power, and power drop
(difference from peak to lowest power) over a 30 second time frame, which are key performance

characteristics associated with a hockey shift (Bringhurst et al., 2017).
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Purpaose

The purpose of this study was to compare the effects of smelling salts vs. no salts on: 1)
simple and choice reaction fime tasks; 2) anaerobic power through measurement of peak power,
mean power, and power drop of a Wingate test and; 3) the sympathetic cardiorespiratory
response as measured by heart rate and breathing rate_
Hypothesis
It was hypothesized that smelling salts would:
1) Improve reaction time on both simple and choice task reaction time (ms) suggestive of an
immprovement in the speed of relevant information processmg, with no difference seen across the
sequence of the study,
2) Improve peak and mean power (W/kg) potentially due to an arousing effect from the smelling
salts, which may increase sympathetic nervous system activity, leading to greater power values.
This would lead to an increase i power drop (W/sec/kg) due to raised peak power accelerating
ATP-PC depletion rate. A difference due to sequence may be observed in peak power and mean
power, as Wingate anaerobic results may be subject to a learning curve, and
3) Increase heart rate (beats per minute) and breathing rate (breaths per minute) within the 30
seconds after smelling salt inhalation by the uritation of the arway, which 1s indicative of an
mcrease i sympathetic nervous system activity. It was hypothesized there would be no
difference seen between the sequences of the study, as the order should not affect the individuals’
stimulation.
Significance

This research provided insight mto the possible effects of smelling salts on performance

or physiological response in male hockey players. Results from this study expand upon the
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limited knowledge on smelling salts effects as an ergogenic aid, with details on the cogmitive
arousal and reaction fime, anaerobic performance in a longer range of time, as well as the
sympathetic nervous system response through cardiorespiratory measures. There 1s a widespread
use of smelling salts i the sport of hockey, with no literature that support the validity of the
ergogenic properties. Because there 1s very little information regarding the acute effects of
smelling salts, and no research regarding the long term effects, information from this study will
be valuable for players and trainers to make informed decisions regarding the use of smelling
salts as a performance enhancer. They can then take into consideration the known hazardous
properties that can occur in large doses of ammomia including addiction, burns, toxicity, and
death, with the performance benefits that may or may not be present (Leduc et al , 1992 Perkins

etal , 2017; Perry et al , 2016).
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Chapter 2
Literature Review

As noted before, the relationship of smelling salts and key performance variables
associated with hockey has yet to be explored. This literature review will exanune the properties
of smelling salt capsules and detail the research surrounding their use as an ergogemic aid;
mcluding the mechanism involved, the dangers associated with use, and impacts smelling salts
have on the body. Particular performance vanables (reaction time and anaerobic performance)
associated with hockey performance will be outlined, with information on the influence that
stimulants may have on them. Lastly sympathetic nervous system activity and 1ts relation to
performance will be outhined. This review illuminates the gaps in the literature on smelling salts
as a stimulant for hockey players.
Smelling Salts

Ammonium carbonate mhalants [(INH;)>,CO3;H,0] are comprnised of 15% ammomnia and
35% alcohol, with the remainder of the capsule being composed of mactive mgredients red dye,
lavender o1l, lemon o1l, nutmeg o01l, and purified water (Dynarex Corporation, 2015). There are
different forms of the substance, however this capsule composition 1s the most commonly
observed form used in most anaerobic sports, with the exception of powerlifting that has a nux of
capsule and hquid vial users. Smelling salts are used by a large number of athletes mvolved in
anaerobic events for their purported stimulating effect in an attempt to gain an advantage over
their competitors (Pritchard et al , 2014; Velasquez, 2011). Athletes claim that smelling salts
provide them with an alert state of mind, which helps them perform a challenging task with less
effort or at a higher performance level (McCrory, 2006; Pritchard et al., 2014; Velasquez, 2011).

However, current literature contains little empirical evidence to substantiate these claims (Perry
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et al , 2016). Consequently, little 1s known about the extent to which performance can be affected
by smelling salt inhalation nor has there been consensus on the underlying mechamsm(s)
mvolved; without information regarding the underlying mechamsms and the response associated,
1t 15 not possible to make informed decisions on smelling salt usage (Ott & Vilstrup. 2014; Perry
etal , 2016; Velasquez, 2011).

Mechanism of Absorption. It 1s unclear how the nervous and cardiovascular system
responds to acute use of the ammoma. The mechanism behind the effects of smelling salts 1s not
clear, as different hypotheses have been noted in the literature. The effects of smelling salts may
be attributed to central nervous system stimulation of the sympathetic nervous system, leading to
an increased cardiovascular response, cognitive arousal, and anaerobic power output (McCrory,
2006; Perry et al_, 2016; Richmond, et al , 2014). Perry and colleagues (2016) suggested that
smelling salts act similar to the immediate effects of caffeine. If the mechanism associated with
the mtake of the salts mimics the mechamism associated with caffeine ingestion, then smelling
salts would release noradrenaline and methylxanthine in the brain, which increases arousal,
vigilance, and reduces fatigue (Nehhig, Daval, Debry, 1992). Though, there have also been noted
adverse effects associated with the use of caffemne, including anxiety, jitters, mability to focus,
gastromntestinal discomfort, insomma, irritability, cardiac arrhythoma, hallucinations, and even
death when used in conjunction with ephedrine (Silver, 2001). However, it remains unclear 1f the
positive and negative effects associated with the absorption of caffeine are consistent with those
when mhaling smelling salts.

It 15 also hypothesized that the mmcrease in respiratory rate 1s due to the writation of the
upper respiratory tract from ammoma (Church et al | 2016; McCrory, 2006; Velasquez, 2011).

Ammoma 1s highly soluble 1n water, and thus can be absorbed through the mucosa mn the
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respiratory tract. This uritant then causes the lungs to react by coughing, followed by an increase
mn respiratory rate (Widdicombe & Lee, 2001). The period of fime when ammoma increases
breathing rate 1s hypothesized to be the time when performance-enhancing effects are to be
observed. However, the exact physiological events and time span of effects resulting from acute
ammonia exposure remains unclear (Ott & Vilstrup. 2014; Perry et al , 2016; Velasquez, 2011).

Dangers of Ammonia. Ammonia i1s a common ingredient in fertilizers, pesticides, and
household cleaners (Leduc et al., 1992). There are well-documented dangers of exposure to
ammomnia gas through case studies and animal studies alike, including addiction, burns, toxicity,
and death (Hernick & Herrick, 1986; Leduc et al | 1992; Perkins et al | 2017). Ammonia 1s a
water-soluble gas; consequently it 1s readily absorbed by the mucosal membranes and writates
the skin when 1t reacts with moisture. Damage to the lungs after an exposure to ammoma gas 1s
dependent on the duration of exposure, the concentration of gas, and the volume nhaled (Leduc
et al | 1992)._ It has been observed that an exposure to a single dose of 20,000 ppm of ammomia
resulted in a sigmificant drop in body weight and damage to the lungs (Perkuns et al., 2017). Ths
quantity 1s significantly higher than the amount of ammonia gas mhaled from a smelling salt
capsule._ It 15 estimated that smelling salts release about 50-100 ppm of ammoma gas, whereas
death due to exposure has been reported at as low as 10,000 ppm for an undetermined amount of
time (“Ammomia”, 2017). An additional danger of using ergogenic aids includes addiction, but
mhalant disorders are one of the least prevalent substance use disorders with an estimated 0.6%
of the population between the ages of 15-24 (Anthony, Warner, & Kessler, 1994). Consequently,
1t does not appear that addiction to smelling salts 1s the cause of the high prevalence of use.

In one case study (Herrick & Herrick, 1996), the individual described was a consistent

smelling salt user during powerlifting competitions. She mnhaled the aromatic ammoma prior to a
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record attempting lift. Post-lift she started experiencing riumitis, rhinorrhea, conjunctivitis,
dizziness, and headaches. The reaction then turned mnto wheezing, shortness of breath, and loss
of vision after an hour. The symptoms were treated as an allergic reaction (to a filler product
mvolved in the capsule) and were resolved immediately. This example suggests caution should
be used when experimenting with inhaled ergogenic aids. The ingredients in the capsule should
be crossed-referenced with known allergies for anyone who may come mto contact with it.

Another prevalent danger of smelling salts use in sports 1s related to their onginal use.
Smelling salts are traditionally used to restore alertness to famnt/unconscious individuals,
however when athletes use this after concussions it can be extremely dangerous (McCrory, 2006;
Velasquez, 2011). If athletes become unconscious or dizzy after head contact, and then take a
smelling salt to restore their alertness or mask their symptoms, the diagnosis of a concussion may
be harder to make. This can result in a false negative decision, which may lead to a resumption
of play when 1t 1s not safe to do so (Velasquez, 2011). Smelling salts are charactenized by a
withdrawal reflex that 1s experienced after use. This quick and sudden motion can do further
unwanted damage to the brain of an athlete after a concussion (McCrory, 2006).

Impacts on the Cardiovascular System. Perry and colleagues (2016) investigated the
physiological effects on the cardiovascular and cerebrovascular systems i conjunction to
anaerobic outputs using fifteen active individuals. The study measured impact of smelling salts
on middle cerebral artery velocity (MCAV), heart rate (HR), pressure of end-tidal CO; (PgrCO-),
and mean arterial pressure (MAP). This was the first study to investigate the physiological
changes and performance changes as a result of inhalation of smelling salts. The results of the
study revealed that after ammomnia exposure, there was a significant increase m MCAv (6 cms

1)? and m HR. (6 bpm), however the MAP scores remained unchanged. The Pe7CO; also showed



EFFECTS OF SMELLING SALTS 11

an increase of 2 mmHg_ The results of this study suggested that the acute cerebrovascular
response to ammonia inhalation coincides with an elevated MCAv mediated by an ammomia
dependent vasodilation, however the method by which ammomia elevates cerebral blood flow has
not yet fully been defined (Ott & Vilstrup. 2014; Perry et al_, 2016). It has been suggested that a
decrease in MCAv as humans age could be associated with poor cogmitive function, so
consequently the relative increase in MCAv may suggest an increase in cogmitive function
(Bertsch et al_, 2009). All of these changes were observed 15 seconds post-inhalation. The
documented physiological changes were thought to be facilitating performance-enhancing effects.
Despite the promusing physiological effects of ammonium nhalant, they did not result in a
significant increase in anaerobic strength in the form of an increase m one rep maximum (1RM)
mid-thigh pull dead Lift (Perry et al |, 2016). These physiological changes are the only measured
responses to smelling salts to date, which again outlines how little 1s known about the effects of
smelling salts.

Impacts on Strength. The usage of smelling salts has been widely observed in some
predominantly anaerobic sports; for example Pnitchard and associates (2014) found that roughly
50% of power-lifters use smelling salts in competition. Also, anecdotal reports suggest that it has
been frequently used in professional sports such as hockey and football (Prewntt, 2016; Rivera-
Brown & Frontera, 2012). Such sports are under researched in their relation to the use of
smelling salts, as most research focused on the ergogenic effects on powerlifting or very short-
term maximal anaerobic power activities, such as dead lifts, bench press, or squats (Perry et al |
2016; Richmond et al., 2014; Vigil et al , 2017). These types of maximal anaerobic power
activities heavily rely on the ATP-PC energy pathway (Rivera-Brown & Frontera, 2012).

Whereas hockey players’ performance would more heavily rely on the glycolytic energy
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pathway for a large portion of the sport (Cox et al , 1995). There have been three studies
conducted on the effects of smelling salts on powerlifting, and only one on the predonunantly
glycolytic output.

Perry and colleagues (2016) examined the degree to which smelling salts effect muscle
strength and rate of force development by using electromyography (EMG) during a one
repetition maximum (1RM) mud-thigh pull. The protocol involved measuring muscle strength
using a custom-made dynamometer adjusted to 120-degree hip angle. The participants performed
four maximal exertion nud-thigh pulls (immediate, 15, 30, and 60 seconds following inhalation),
and then given five-minutes rest until they then performed another four maximal exertion nud-
thigh pulls. The results identified no sipmificant improvements for any of the strength related
measures. Based on these results, it could be speculated that there are no sigmificant
mmprovements m a 1RM from smelling salt inhalation. Similarly, Vigil and colleagues (2017)
examined the effects of smelling salts on ATP-PC anaerobic power. This study examined the
1RM duning a deadlift between control, water (placebo) and smelling salt supplement trials. The
outcome was similar to the previously described study as no significant changes in muscle
strength were observed. Collectively, the review of the research clearly showed that smelling
salts do not have a significant effect on 1RM powerlifting e performances that rely on the ATP-
PC energy pathway.

Richmond and associates (2014) examined the number of repetitions completed of back
squat and bench press at 85% of 1RM. The number of repetitions that can be completed at 85%
of 1RM ranges between two and five. The design 1s most similar to submaximal traiming
performances, rather than a competition performance because of its intensity effort. The

participants were also exposed to the smelling salts three seconds prior to the maximal effort
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testing. Participants were tested to see if smelling salts produced an increase in their anaerobic
muscular endurance, however no substantial effect was found. Although the timing of smelling
salts effects on performance has not yet been examined, three seconds may be too short for a
substance to spread through the body and take effect. As shown in other research (Perry et al |
2016) the ighest average force for mid-thigh pull was noted after 15 seconds of exposure. Asa
result, it appears the fiming between inhalation and performance may not have been 1deal for
performance benefits.

Secrest (2014) contrasted all other evidence regarding the impact of smelling salts on
performance and it was the only study conducted that involved a longer anaerobic power
performance. Designed as a crossover study, the impact of smelling salts as an aid to improve
anaerobic power and prevent fatipue amongst athletes was mvestigated. The affect of smelling
salts on anaerobic power was assessed using Wingate anaerobic test (a 30 second short-term
maximal cycle ergometer power test). This test has been shown to have reproducible results with
males (Jacobs, 1980). The participants were tested using a Wingate test before and after a
simulated football game. Significant differences between the control and the intervention trials
were noted in peak anaerobic power (p < 0.05) with the smelling salt exposure achieving higher
peak power, when compared to their confrol trial. The study also found significant differences
between control and intervention in mean power (p<0.01). This means the overall anaerobic
power production for the Wingate test was sigmificantly higher during the intervention than the
control trial.

Although research by Secrest (2014) showed advantageous findings for glycolytic type
anaerobic power through the use of smelling salts, the other previous studies indicate they are not

an effective ergogenic aid for power ifting competitions or weight training (Perry et al | 2016;
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Richmond et al., 2014; Vigil et al, 2017). Power lifting activities typically last less than five
seconds and primarily use the ATP-PC energy system. This may mean that smelling salts are not
an effective ergogenic aid for these particular types of activities. Secrest (2014) found a
significant ergogenic effect for the Wingate testing peak power, and mean power outcomes. The
Wingate test 1s 30 seconds n length and as such uses a mux of ATP-PC and glycolysis with an
emphasis on the latter. Maximal outputs lasting 10-180 seconds are primanly anaerobic and
predomunantly rely on the glycolytic energy pathway (Rivera-Brown & Frontera, 2012). The
significant differences from Secrest’s study suggest that the smelling salts may be a more
beneficial ergogenic aid in activities relying on the glycolytic energy pathway, such as a hockey
shift. However, the design of Secrest’s study does not minmuic the timing of the hockey players
smelling salt inhalation in relation to the pre-game mhalation. Prewitt (2016) suggests that most
players that use smelling salts use it as a pre-game nitual, rather than immediately before
performance. Therefore, a more externally valid approach to determune whether there 1s a true
mechanistic impact of smelling salts on hockey players would include a longer waiting period
(approximately one to six minutes) between inhalation and the anaerobic bout of exercise.
Reaction Time

In elite level sports, fractions of seconds can make the difference between winming and
losing. This competitive nature can be validation enough for athletes to seek ergogenic aids that
provide performance advantages to react faster than their opponents. It has been found that
athletes have better visual skills than non-athletes, suggesting the importance of visual skills and
response fime to the success of elite athletes (Christenson & Winkelstein, 1988). In a hockey
setting, the players are required to react to visual stiimmh dunng every shift; for example, to

recerve a passed puck, during face-offs and/or when shooting on net.
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Reaction time 1s the time elapsed between when a stimulus 1s presented and the
mdividual recognizes and responds to the stimulus (Magill, 2007). It 1s commonly misunderstood
as a skill, but 1t 1s instead a fundamental measure of the central nervous system capacity. It 1s
representative of the time 1t takes to absorb the stimulus, process and mtegrate 1t with other
sensory mputs, select a response, and execute the response (Kosinski, 2008). Reaction time can
be measured using a variety of tests including: simple reaction time, choice reaction time, and
discriminant reaction time. This study will focus on the first two types of reaction time tasks
mentioned. These tests vary through the methodology, number of stimuli, the number of
responses, intensity of the stimulus, and response selection; the less stimuli/response selections,
the less complex the reaction time experiment (Ilamkar, 2014). Performance on reaction time
tests has a measure of cognitive function and an indication of central nervous system health
(Aranha & Samuel, 2015; Jakobsen, Sorensen, Rask, Jensen, & Kondrup, 2011; Madden, 2001).

An example of choice reaction time being used as a measure of cognitive function can be
seen when exanuning its relationship to age. For example, there 1s a known relationship between
cognitive performance and age as there 1s a 5-10% decline m cogmitive performance and choice
reaction with every decade of life (Salthouse & Somberg, 1982). These declines appear to be
age-related and have been attributed to the progressive delay in the information-processing
continuum that commences around the nud 20°s (Der & Deary, 2006; Salthouse & Somberg,
1982). This example of the relationship between cognitive function (information processing) and
reaction time can be franslated to exanune the effects of shimulants on cognitive function through
reaction time tests. Stimulants such as caffeine and amphetanunes are commonly used for their

ergogenic properties that can raise arousal levels, and ultimately improve reaction time to a



EFFECTS OF SMELLING SALTS 16

stimulus (Avois et al |, 2006; Durlach et al , 2002). Smelling salt users have made claims that the
substance mstantly alerts them, preparmg them for action (Prewitt, 2016; MacGregor, 2018).

Simple and Choice Reaction Time. There are various reasons for utilizing the different
types of reaction time tests available. The use of simple reaction time paradigm mvolves: the
warning signal, the forepeniod, the reaction stimulus, the response, and the inter-tnal interval
(Donders, 1869, Naatanen, 1981). Sumple reaction time tests do not involve a response selection
stage, as there 1s only one response to the sttimulus. The warning signal precedes the reaction
stimulus, and 1s followed by the foreperiod, which 1s the time elapsed between the warning
signal and the shimulus. A simple reaction time test also has a reduced speed-accuracy trade off
established by Woodworth (1899), as the accuracy of the response 1s not affected by the presence
of different choices in response. This means the participant does not need to go through the
response selection stage to determine the appropnate response.

Choice reaction time mcorporates the same aspects, as a simple reaction time test, but
mvolves additional response time as the test involves multiple stitmuli and responses. Therefore,
the mformation-processing continuum requires fime to process the additional stitmulus and select
the correct response. This information-processing continuum requires evolution through the
following stages: stimulus identification, response selection stage, and response programming
(Lutz & Hutt, 2003). Hick’s law (1952) states that reaction time 1s linearly related to L':-g2 of the
number of stimulus-response alternatives in a choice reaction test; consequently, the more
stimul and responses that are involved in a choice reaction test, the longer processing time
needed for the person to select the appropriate response.

Factors Affecting Reaction Time. There are many factors that affect reaction time, such

as stimulus intensity, stimulus duration, age, gender, and compatibihity of the stitmulus and
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response (Der & Deary, 2006; Froeberg, 1907; Pieron, 1913; Wells, 1913). Stimulus mtensity
can be altered m a variety of ways; for example, a visual stimulus may mncrease in intensity by
mcreasing the size or the luminescence, whereas an auditory stimulus may mcrease m mtensity
by increasmg the volume (dB) produced. Pieron’s Law (1913) dictates that simple reaction time
decreases as stimulus intensity increases. This law has been further tested in the research,
determiming that 1t holds true for choice reaction time tests as well (Pins & Bonnet, 1996).

As stimulus mtensity increases, so does the rate of neuronal impulses. Stimulus duration
has been shown to affect reaction time as well A longer duration of a visual or auditory stimulus
has been showing to reduce reaction time (Froeberg, 1907; Wells, 1913). Ulrich and colleagues
(1998) examuned the effects of varying levels of stimulus mtensity and duration. The researchers
concluded that a longer duration of the stimulus for simple reaction time reduced the reaction
time (1.e_, improved performance). Peak duration of roughly 40-60ms was found to be the plateau
where a longer stimulus no longer improved reaction time. In addition, the longer the duration of
the stimulus, the longer the duration of the reaction force output.

A recent longitudinal study conducted by Der and Deary (2006) examuned simple
reaction fime and choice reaction time across different ages, ranging from 16 to 63. This study
also provided data regarding the differences of gender on reaction fime throughout the lifespan,
whiach will be discussed later. Der and Deary tested over 500 participants twice for simple
reaction fime and choice reaction time over an eight-year difference. The study illustrates the
change of reaction time over the aging process and found that there 1s improvement in simple
and choice reaction fime up until the mmd 20°s and then a gradual decline 1n reaction fime

performance. This was supported by Fozard and colleagues (1994) who found a gradual slowing
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of simple reaction time of 0.5ms/year within individuals, and an accelerated increase i reaction
time after the age of 60.

Many of the studies that looked at the cross-sectional or longitudinal differences between
reaction time amongst ages also examined the differences between reaction times of males
versus females. Der and Deary, (2006) examined simple and choice reaction time amongst males
and females and found no significant impact of gender. However, 1t was found that males had a
quicker choice reaction time than females and less vanability amongst the trials. Huppert and
Whattington (1993) also found that men had an advantage in both simple and choice reaction
time while Fozard and colleagues (1994) found that men had a non-sigmficantly faster simple
reaction time across all ages examined, and a slower decrease in reaction time as the males aged
when compared to the females.

Another factor that has been researched in relation to 1ts influence on reaction time 1s
arousal, which 1s describing the internal or mental state of attention (Kosinski, 2008). The effect
of arousal on performance is often debated amongst psychologists. The debate 1s whether the
effect of arousal on performance has an mverted “U-shaped” effect (meaming that performance 1s
peaked at a moderate arousal level, with performance worsening the further away from medium
arousal), or if 1t 1s a positive linear relationship (meaning as arousal increases, so does
performance) (Bagherli, Vaez Mousavi, & Mokhtar1, 2011; Sabzi, Hasanvand, & Roozbahami,
2014). The evidence of increased arousal levels improving reaction time has led some
researchers to mvestigate the effects of arousing ergogemic aids (stimulants) on simple reaction
time performance. Specifically, caffeine has been a topic of interest with regards to 1ts impact on
arousal levels and thus reaction fime. Durlach and colleagues (2002) mnvestigated the effects of

caffeine on arousal levels, finding an increase in arousal after exposure to caffeine and later



EFFECTS OF SMELLING SALTS 19

examining if the increased arousal level affected reaction time performance. Tius study did not
use a pre-post design so there was not a comparison of caffeine effects, however the researchers
did not find a large difference from immediate post-consumption of caffeine to 45 minutes post-
consumption. Schneider and associates (2006) compared the reaction time differences between
caffeine, control, and a placebo and found that caffeine group had the fastest simple reaction
time, with control and placebo being slower and sinular to each other. Soussi and colleagues
(2012) examuned the effects of caffeine on Wingate performance along with reaction time
performance and found that anaerobic peak power and mean power were improved post
consumption of caffeine. This evidence demonstrates how stimulants that can increase arousal
level can be beneficial to reaction time as well as anaerobic performances.

Durlach and colleagues (2002) demonstrated the effects of caffeine consumption on a two
choice reaction time test, finding significantly faster reaction times post-consumption of caffeine.
Even elite athletes tested using caffeine consumption for simple reaction time tests, found a
significant improvement in performance, proposing that caffeine can improve the response to a
visual stimulus (Santos et al | 2014; Sowssi et al | 2013). Studies have also suggested that
caffeine promotes faster processing of relevant information along neuronal pathways, which 1s
relevant to the speed of a choice reaction fime test (Dixat, Goyal, Thawam, & Vaney, 2012;
Ruijter, De Ruiter, & Snel, 2000; Ruijter, de Ruiter, Snel, & Lorist, 2000).

Athletes with experience using ergogenic aids have compared the effects of smelling salts
to the effects of caffeine (McCrory, 2006; Prewitt, 2016; Velasquez, 2011). Smelling salts have
been known to affect individuals mstantly and last a short period of time, whereas caffeine
effects are typically measured 40-60 munutes post-consumption (Beck, Housh, Schomdt, &

Johnson, 2006; McCrory, 2006; Perry et al, 2016). It has been noted as well that the effects of
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caffeine are ergogenic in speed endurance exercises that range between 60-180 seconds (Davis &
Green, 2009). With the average shift of a hockey player being roughly 45 seconds, this may be a
reason the players have chosen the alternative of smelling salts to enhance performance. If the
effects of smelling salts do act similarly to immediate dosing with caffemne, then it 1s
hypothesized that the results of this study should mirror the results of caffeine studies (Prewntt,
2016).

Athletes’ use of stimmulants 1s not limited to smelling salts and caffeine; some consume
other substances such as ephednine, amphetamines, or cocaine (Avois et al , 2006). These are
examples of central nervous system stimulants that athletes use to reduce tiredness, and increase
alertness, competitiveness, and aggression (Avois et al | 2006; Seiden, Sabol, & Ricaurte, 1993).
The stimulants are known for their performance enhancing properties as well as their potentially
lethal side effects, and are sutably banned from use mn sport from the World Anti-Doping
Agency and the International Olympic Commuttee alike. The use of banned central nervous
system stimulants during competition can carry harsh bans or even fines, 1f caught (World Anti-
Doping Agency, 2018). Smelling salts however, do not have any restrictions placed on their
consumption in hockey games. Which again may serve as a reason why players seem attracted to
using 1t as an ergogenic aid.

Cardiorespiratory Measures/Sympathetic Nervous System Activity

The effects of smelling salts on the cardiorespiratory system and nervous system remain
unclear. Aside from the study done by Perry and associates (2016), there 1s little research
positioned to identify the physiological responses to a smelling salt exposure. Common methods
to measure physiological responses to ergogenic aids involve measuring heart rate, breathing rate

¥

and heart rate variability. These vanables are largely under the confrol of the autonomic nervous
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system (Malik, 1996). The autonomic system can be divided into two systems, the sympathetic
and parasympathetic nervous system. The sympathetic nervous system 1s characterized by the
excitatory responses of the body, whereas the parasympathetic nervous system 1s characterized
by inhibition (Barchas, Akil, Elliott, Holman, & Watson, 1978; Barde, Edgar, & Thoenen, 1983).
An merease i heart rate and breathing rate 1s due to a sttmulatory response in sympathetic
nervous system activity, more specifically, the release of epinephrine and norepinephrine (Brown,
DiFrancesco, & Noble, 1979). An increase in breathing rate can lead to an oxygen surplus in the
body, which in turn could increase performance (McCrory, 2006; Perry et al , 2016; Richmond,
et al , 2014). These metrics are often measured through heart rate monitors or spirometers. A
spirometer for breathing rate involves a mask that covers the participants face; however weanng
the mask 1tself may adjust breathing patterns, so researchers may choose to use a non-invasive
chest strap to obtain all three of these vanables (Hailstone, & Kilding, 2011).

Sympathetic nervous system activity has been shown to increase as exercise percent of
VO:max intensity mncreases (Sarto, Tsukanaka, Yanagihara, & Mano, 1993). Jost and associates
(1989) compared the sympatho-adrenergic circulatory component of the sympathetic nervous
system, finding that power-lifters had a poor response when compared to other athletes such as
runners or swimmers. These findings suggest that power-lifters are desensitized to the
sympathetic response thus making them an unfavourable population to study in relation to the
effects smelling salts. However, hockey 1s a metabolically unique sport where the players must
utilize intense glycolytic activity related to quick bursts involved n a shift, but also excellent
aerobic power and endurance (Cox et al, 1995). In addition, 1t has been noted that aerobically
trained athletes have higher epinephrine response to work loads (Jost, Weiss, Weicker, 1989,

Kjaer & Galbo, 1988). This would infer that hockey players are a more 1deal population to
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measure for effects of smelling salts on the sympathetic nervous.
Research Problem

The preceding review of literature 1dentified the gaps in the research surrounding
smelling salts and their ergogenic properties. The use of smelling salts 1s high in anaerobic sports
such as powerlifting, where roughly 50% of the athletes use smelling salts during competition
(Pritchard et al , 2014). Most of the research 1s linited to the effects of smelling salts on very
short-term anaerobic performance such as powerlifting (Perry et al., 2016; Pritchard et al | 2014;
Richmond et al, 2014). With high rate of smelling salt usage among athletes and potential nsks
associated with its use, 1t 15 important to clanfy the mechamsms how smelling salts affect
athletes. Furthermore, 1t 1s still not known if there 15 a beneficial impact on hockey performance,
as the sports of hockey and powerlifting use different primary metabolic pathways during the
activity. Anecdotally, smelling salts are frequently used prior as a pre-game nitual during
competition i collegiate or professional sports by athletes (e g. hockey). However the research
currently examines power-lifters immediately after smelling salt inhalation, instead of hockey
players in a more realistic timeline. While ergogenic aids are used for their performance
enhancing effects, there are also a broad range of adverse effects that may accompany them,
mcluding behaviour changes, organ damage, nausea, anxiety, and more (Silver, 2001). There has
been evidence of ammonia causing bodily harm in large doses, and though the small
concentration does not appear to have adverse effects, more detail on the acute and long-term
effects of smelling salts will provide more insight Despite the claims of increased arousal
provided by smelling salts, there has been no research to date investigating the cogmtive effects
of smelling salts. Tests such as simple or choice reaction time, can be indicative of hockey

players’ abilities in common game-play situations such as face-offs. The proposed study also
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used Wingate anaerobic cycling test to determine anaerobic power outputs because it 15
considered the standard measure for anaerobic power associated with hockey (Bringhurst et al |
2017). The foundational questions for the presented research are: “do smelling salts benefit the
hockey players’ reaction time (simple or choice) or anaerobic performance (peak or mean power),
and does smelling salts inhalation alter heart rate and breathing rate™

The purpose of this study was to compare the effects of smelling salts vs. no salts on: 1)
simple and choice reaction fime tasks; 2) anaerobic power through measurement of peak power,
mean power, and power drop of a Wingate test and; 3) the sympathetic cardiorespiratory

response as measured by heart rate and breathing rate_
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Chapter 3
Method
Participant Inclusion/Exclusion Criteria

Participants were mcluded in this study if they were: 1) a healthy male; 2) aged 16-24
years (age range of Jumor hockey players); and 3) a hockey player with experience of at least the
Junior B hockey level. Participants were excluded from the study if they: 1) had suffered from a
diagnosed respiratory disease/obstruction (e.g_, asthma, cold, and congestion) within the two
weeks prior to the study; 2) were allergic to ammonia, red dye, lavender o1l, lemon o1l, or
nutmeg oil; or 3) had suffered from a concussion m the recent month and/or were still suffering
headaches from a previous concussion indicative of post-concussion syndrome.

Sixteen participants were recruited for this study. Anecdotal evidence suggests that
primarily male hockey players use ergogenic aides to support their performance. As well, males
are significantly more likely to use performance-enhancing drugs than females (Alaranta et al |
2006; Lucidy, et al., 2008). In the local area of Thunder Bay, there 1s no Junior or varsity level
women’s hockey. Thus, the sample was the most convement and highest calibre available to
reproduce the population that 1s commonly seen using the smelling salts dunng televised
professional hockey games.

Research Recruitment Procedures

Convenience sampling was utilized, as only local hockey players were approached.
Participants were mvited to take part m the study by verbal or personal mnvitation, or through
posters handed out to the team coaches/managers (Appendix B). Specifically, the Thunder Bay
North Starts Junior A team was invited to participate in the study, whereas other Junior hockey

players were invited through email or oral mvitations.
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After the participant had expressed an interest in enrolling m the study, he was presented
with a copy of the mformation letter (Appendix C). This mformation letter summarized the
details of the intervention, the task details that the participant was required to perform, the
mclusion/exclusion critenia, and the potential harms and benefits of participation. If the
participant was deemed suitable to participate in the study, he voluntarily signed up for a testing
session at his convenience.

Instruments

Reaction time software called OpenSesame™ was used to record simple and choice
reaction time across all trials, as well as calculate the mean reaction time. A Zephyr
Bioharness™ physiological monitoring device was used and synced to OmmSense™ 4 0 Live &
Analysis software to record heart rate and breathing rate. A Wingate test was used to deternune
peak power, mean power, and power drop. The model of bike ergometer used was a Monark
Ergomedic 894 E.

Psychometric Properties of Instrumentation

Zephyr. The Zephyr Bioharness™ physiological momitoring device 1s wearable
technology capable of measuring multiple physiological metrics including heart rate, heart rate
vanability, and breathing rate. A study compared the breathing rate values produced by the
Zephyr Biohamess™ monitor and the values recorded by a Metamax 3b online gas-analysis
system found no significant differences in values; with the exception of at 70% peak treadmmll
speed (p < .05) where the reliability begins to decline; this suggests the Zephyr Bioharness™
provides a valid method to measure breathing rate (Hailstone & Kilding, 2011). The Zephyr
demonstrated low random measurement typical error (4.3-7.3%) when measuring breathing rate

during physical activity (Hailstone & Kilding, 2011). Johnstone and colleagues (2012b)
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mvestigated the reliability of the Zephyr Bioharness™ to monitor heart rate and breathing rate,
finding strong reliability for both (+ >0.8). Overall the study concluded that the Zephyr
Bioharness™ momnitor 1s a reliable multivaniable physiological monitoring device. Kim and
colleagues (2013) found high validity for the device as well, heart rate measurements to have
high correlation coefficients (r = 0.87—0.96) and breathing rate as well (r = 0.90-0.99).

Wingate. The Wingate test 1s an objective, reliable, and vahid test for evaluating
anaerobic cycling performance (Bar-Or, 1987). The Wingate anaerobic test 1s a 30 second test, in
which an individual cycles agamst 7-12% resistance of their body weight. The test can provide a
varniety of anaerobic data; this study focused on peak power, mean power, and power drop. Peak
power 1s the highest anaerobic power output within a three to five second interval linked to the
ATP-PC pathway output. Mean power details the average power mamtained throughout the test,
whach reflects the output of the combined ATP-PC and glycolytic energy pathway. Finally,
power drop describes the drop in W/kg per second of the test, which can reflect the anaerobic
endurance of the athletes (Beneke, Pollmann, Bleif, Leithauser, Hitler, 2002). Jaafar and
colleagues (2014) found that higher percentage of brake force (resistance) 1s more optimal
because of a higher reliability and validity when determiming anaerobic outputs of tramed
mdividuals (11% body weight resistance, r = 98), when compared to a lower resistance (8.7%
body weight resistance, r = 88). For the current study, participants were anaerobically trained
mdividuals, so they completed the Wingate test at 11% body weight resistance.
Procedures

When participants expressed a willingness to participate in the study, and were deemed
eligible, they were given an information letter (Appendix C) that outlined the pertinent details of

the study. The participant was also asked to read and sign the necessary consent form prior to
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enrolling in the study (Appendix E). The participant then signed up for a specific testing session
that was convenient for both parties. Each testing session lasted approximately 30 munutes. The
study was a counter-balanced crossover design, so the participant was required to be available at
the same time for two consecutive weeks. This helped ensure the participants came during a
similar time 1n their micro-cycle of traiming. As well, student athletes tend to have a sinular
weekly routine of meals, classes, and training that will help provide some measure of consistency.
To provide a randonuzed order for the cross-over design, the participants were assigned a
number. These numbers were put mnto a randomized sorter before research commenced. If the
participant was grouped nto group 1, he completed the salts trial first followed by the no salts
trial. If he was grouped into the group 2, he completed the no salts trial first followed by the salts
trial.

Smelling SRT & Wingate Smelling | SRT & Wingate
Salt | CRTx3 [ Test Salt CRTx3 | Test

Deep - SRT & N Wingate Deep N SRT & Wingate
Inhalation CRT x3 Test Inhalation CRTx3 I Test
0-60 60- 360 . 360-390

Figure 1. Flowchart of the trials. Figure 1llustrates the timeline that each participant followed
during the trials and the average duration (seconds) for each stage of the trial Note: Stimulus*
was replaced with a deep breath for control tnal of the cross-over design. Simple reaction time

(SRT), and choice reaction time (CRT).
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Before participating in the study, the participant was asked to attempt to keep stress and
exercise levels similar between testing days; this was confirmed by monitoring resting heart rate
at the beginning of both sessions. The participant was asked via email to avoid caffeine, alcohol,
and strenuous exercise within 12 hours prior to the days of testing. For each assigned testing
session, participants were asked to arrive at the Sanders Bulding in room SB-1025 on time. The
participant was greeted by the student researcher and directed to seat himself at a table where he
read the cover letter. The researcher fully explamed the information contained in the letter, what
was mvolved in the study, and answered any questions or concerns the participant may have had.
After full consent was obtained from the participant, he was required to complete a Physical
Activity Readiness Questionnaire (PAR-Q) form (Appendix F).

Upon completion of the required documents, anthropomorphic measurements of height,
weight, and age of the participant was measured and recorded on the data collection sheet
(Appendix G) and the OmmSense™ program by the researcher. The participant was fitted with
the Zephyr Bioharness™ monitor device as recommended by the manufacturer (Appendix H).
The monitor was attached to the front of the chest strap, and acted as a data logger and
transnutter. The Zephyr Bioharness™ monitor was synced with the OmmSense™ 4.0 Live &
Analysis software, which recorded the data from the heart rate monitor and later exported the
data to analyze. The Bioharness recorded measurements for heart rate and breathing rate every
two and a half seconds. For statistical purposes, baseline heart rate and breathing rate were
defined as the values recorded immediately (2.5 seconds) prior to smelling salts exposure, while
the average value over the 10 seconds post smelling salt mhalation was used to reflect the post

measurement value.
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After being fitted with the heart rate momitor, the participant was asked to lie supine on a
cushioned mat on the floor for one nunute. This was done to ensure a valid resting heart rate and
blood pressure measurements. The participant was then fitted with a Prestige Medical 79
sphygmomanometer (blood pressure cuff) on their right arm, above the elbow with the gumiding
arrow on the cuff in line with the brachial artery. The same researcher conducted the blood
pressure reading on the participant by inflating the cuff to 170 mmHg and deflating 1t slowly,
recording both the diastolic and systolic readings using a MDF Classic stethoscope. The
researcher was experienced in taking blood pressure measurements. After both baseline
measurements of heart rate and blood pressure were established, the participant was gmded
through the procedures of the simple and choice reaction time tests by completing four practice
trials of each. If the participant had any questions regarding the any of the tests, they were
answered then.

At this time, the researcher set the height for the seat of the Wingate test stationary bike
to an appropniate height. This allowed the participant to sit comfortably on the seat with his knee
just slhightly flexed (10 degrees of flexion) at the bottom of the cycle. The researcher set the body
weight resistance to the 11% body weight resistance for the participant. The researcher explamed
the Wingate procedures were, to nuninize time between exposure to the smelling salt and
performuing the Wingate test. The hockey players were already familiar with the Wingate testing
procedure due to previous experience.

Then the participant was guided through a brief warm-up for the Wingate test. The warm
up consisted of the participant cycling on a stationary bicycle for five minutes with ten-second
sprints conducted at nunute two, three, and four. The resistance of the bike was set to 2 kPa, but

the participant self-selected the intensity (rotations per minute) of the warm up.
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The participant was then asked to sit in the chair facing the reaction time screen
(Appendix I). Once the participant was seated comfortably in front of the reaction time testing
station (comprised of a chair, desk, and laptop), and the researcher had restarted the heart rate
monitor, the participant was asked to sit still for a munute for another resting heart rate reading.
Then the researcher released a smelling salt capsule at a distance of 30 cm away from the nostrils
of the participant. The participant was then mstructed to mhale through his nostrils, as the
researcher brought the smelling salt capsule closer to the participant’s nostrils. While
approaching the nostrils, the capsule was shaken by the researcher to facilitate the release of the
gas from the capsule. The participant contmued to mnhale until the withdrawal reflex was
observed, at which point the smelling salt was disposed. The withdrawal reflex was normally
seen when the ammomnia reached a distance of about 10 cm away from the nostril, with the
closest bemng 5 cm away. The participant was exposed to the released smelling salt capsule for no
more than three seconds.

The reaction time tests commenced 60 seconds after the smelling salt exposure had been
conducted. Allowing for heart rate and breathing rate readings to be undisturbed from extra
stress. The participant was then asked to commence the reaction time tests. The participant began
with a block of 10 trials of simple reaction time tests. The simple reaction time test consisted of a
single stimulus (a large blue circle) appearing on the screen, and a single proper response needed
by the participant. Once the stimulus appeared on the screen, the participant pushed the “B” key
as quickly as he could. The program was set to randonmuze the timing of the stimulus so the
participant could not sense a pattern of tinmung. The ranges for the stimulus appearing was
anywhere between one to three seconds from the previous response. The range of timing was

consistent through the choice reaction time test as well.
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After the first block of simple reaction time tests were completed, the participant began a
block of 10 tnials of choice reaction time tests. The choice reaction time test consisted of two
different shmuli, with each having a single proper response. Once the stimuli appeared on the
screen, the participant cognitively deternuned which response was correct, and pushed the
appropriate button. If the green triangle stimulus appeared m the nuddle of the screen, then he
pushed the “F” key as quickly as possible; if the red circle stimulus appeared i the nuddle of the
screen, then the participant pushed the “J” key as quickly as possible. If a participant responded
mcorrectly to a simulus, or too quuickly (1.e. before the stimulus appears) then the specific trial
was not counted and the participant performed an additional trial (1.e. 11 trials of choice reaction
time).

The participant continued to alternate between blocks of 10 trials of simple reaction time
and choice reaction tfime. The researcher wrote down the time the participant started and fimished
each block of reaction time tests on the data collection sheet (Appendix G), and later cross-
referenced the heart rate data agamst the activity the participant was engaged in. After the
participant had finished the three blocks of 10 trials of each reaction time test, the participant was
asked to begin the Wingate test. The average time from smelling salt exposure until the start of
the Wingate testing was six minutes. Although this may seem like a large period of time, players
commonly use smelling salts as a part of their pre-game ritual, so there 1s also a waiting period
before the players would begin their shift. The researcher pressed start - beginning the recording
of the anaerobic power output (W), and the resistance as well as the data collection began when
the participant reached a threshold of 120 rotations per nunute  After this threshold was achieved,
the resistance weight (11% body weight) dropped and the watts output was collected. The

participant continued to pedal at maximal effort for 30 seconds on the bike ergometer. The
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researcher recorded the time the participant began and fimished the Wingate test on the data
collection sheet. After the 30 seconds had been completed, the participant was asked to gently
cycle on a stationary bike for another 5 minutes. Once the participant felt sufficiently cooled-
down and had biked for at least 5 minutes, he was free to stop and rest.

The participant was asked to recover for an additional 15 minutes. The researcher
checked to ensure that the heart rate and blood pressure of the participant had normalized to a
similar reading (within 20 bpm and 10 mmHg difference) as the mitial readings. If the measures
had not resumed to normal, the participant was asked to wait to leave until 1t had. At thus point in
time, the participant was asked to remove the Zephyr Biohamess™ momnitor, or aided by the
researcher to remove 1t.

The participant was asked to return to the testing area on the same day and time the
following week from the immitial session. During the second trial, the participant followed the
same gmdelines and procedures, beginning with the baseline heart rate and blood pressure
readings. The difference in procedures from salts to the no salts trial was that nstead of smelling
salt exposure participants were asked to take a deep inhalation through his nostrils 60 seconds
before beginning the reaction time tests. The deep breath was used m place of a placebo, to
mstead act as a control. It was expected that participants recruated for the study would have been
exposed to a smelling salt prior to the testing, either directly through self-admimistration or from
close proximity to another player using one, so a placebo would most likely be detected from the
players, thus nulling the effect of using a placebo. An experimental control of deep breathing shill
allows for the inference that changes in the dependent vanables are due to the smelling salts and

not an associated deeper breath that comes with smelling salt mmhalation.
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Design/Data Analysis

The study utilized a cross over design with randomized ordering to assess the differences
between salts and no salts treatments in regards to simple reaction task (ms), choice reaction task
(ms), anaerobic peak power (W/kg), anaerobic mean power (W/kg), power drop (W/sec/kg),
change 1n heart rate (beats per nunute), and change in breathing rate (breaths per nunute). The
cross over design was used to provide a more efficient comparison of treatments, as half the
participants were randomly assigned to a salt, then no salt sequence while the other half of the
participants experienced the opposite sequence (1.e. no salts then salts). The design also removes
threats to mnternal validity; by using the same participants, they act as both the control and
experimental subjects, thus having a matched sample. To characterize magmitude of effect size,
Cohen’s D was used as an mndex.
Reaction time. The first research question aimed to determune the effects of the independent
vanable of treatment (salts vs. no salts) on both simple and choice task reaction times. The other
mdependent variable used in this analysis was sequence (week one vs. week two). First, to
determine that there were no sigmificant differences between the blocks of the reaction time tnals,
a one-way ANOVA was conducted. It was determuned that the fiming of the blocks did not
impact performance; thus the blocks were combined in order to complete a more robust analysis.
In order to exanune the potential differences in reaction time across the different treatments a 2
(treatment) X 2 (sequence) MiXed measures ANOVA with repeated measures on the first factor was used.
Thas analysis was conducted for the dependent variables of simple task reaction time (ms) and
choice task reaction time (ms).
Anaerobic power. The second research question aimed to determine the effects of salts on

anaerobic power. The independent vanables for this analysis were sequence (week 1 vs. week 2)
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and treatment (salts vs. no salts). To exanune the potential differences in anaerobic power a 2
(treatment) X 2 (sequence) M1Xed ANOVA with repeated measures on the first factor was used. This
analysis was conducted separately for the dependent variables of peak power (W/kg), mean
power (W/kg), and power drop (W/sec/kg).

Cardiorespiratory response. The third research question aimed to determine the effects of the
salts on the cardiorespiratory system, which was inferred from the dependent variables of change
mn heart rate (beats per nunute), and change in breathing rate (breaths per nunute) from before
mhalation to the ten seconds after inhalation. Before inhalation values was the measured rate
over the five seconds immediately before mnhalation of the smelling salt (or deep breath), and the
post inhalation was the average measured rate across the ten seconds after smelling salt (or deep
breath) mhalation. Similar to the other measurements, the independent variables were treatment
and sequence. To examine the differences in cardiorespiratory responses 2 (restment) X 2 (saquence)
mixed ANOVA with repeated measures on the first factor was used. This analysis was conducted
separately for the dependent variables of change in heart rate and change in breathing rate
change.

For all the statistical tests conducted, the respective normalities of the data were tested
and met, using the Shapiro-Wilk test of normality to test ensure the data was normally distributed.
There was homogeneity of vanances (p > 05) and covanances (p > .05), as assessed by Levene's
test of homogeneity of variances and Box's M test, respectively. Mauchly's test of sphericity
mdicated that the assumption of sphericity was met for the two-way interaction effects.

Post hoc analysis on warm-up intensity. After noting that some individuals experienced large
heart rate mcreases after smelling salt exposure while others had modest imncreases (Appendix K,

figure 12), 1t was hypothesized that perhaps the intensity of the warm-up may have contributed to
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the variability (only resistance was standardized to 2 kpa, not intensity). Those individuals who
pushed themselves a bit more in the warm up would concervably have a higher heart rate prior to
the smelling salt exposure and they would thus experience less of an increase in heart rate.
Therefore, an additional analysis was run to exanune if the warm up mtensity altered the effect
of smelling salts on heart rate. In order to examine the effect of warm up intensity on heart rate
response to smelling salts 8 2 gigh ve low) X 2 (time: before vs. after inhalation) DMIXed ANOVA with repeated
measures on the second factor was used. This was done by dividing the pool of participants into
two groups of eight, one group contaimning the lowest heart rates (M = 73.87, SD = 11.56) after
completing the warm up and the other with the highest after the warm up (M = 102.83, SD=
17.42). The independent variables for the mixed ANOVA were the high vs. low grouping and
time (before salt mhalation vs. after salt inhalation). Because there was no mteraction present, no

additional analysis was conducted on the mteraction effect.
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Chapter 4
Results
Anthropometric Analysis
Sixteen male hockey players who regularly participate in strength training were the study
participants (see Table 1 for demographics). The table includes the mean amount of smelling salt
capsules used per week by the participants. There were no observed significant changes in the
performance vanables, however heart rate and breathing rate were significantly higher during the

ten seconds after exposure to smelling salts.

Table 1

Demographics Sample

Measure Mean Standard Deviation
Age (years) 21.19 2.16

Height (cm) 180.38 6.23

Weight (kg) 82.84 6.52

BMI (kg/m®) 25.58 2.93

Previous use of salts (average 1.10 132

per week)

Note. cm = centimeters; kg = kilogram; kg/m™ = kilogram/meter”
Reaction Time

Table 2 summarnizes the findings of the simple and choice task results for both treatments
of salts and no salts. The data demonstrates no large differences between treatments, for either of

the tasks.
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Table 2

Mean Reaction Time Across Treatments and Sequence
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Treatment Week 1 Week 2
Salts M=27078,SD=2244 M=27222 SD=2850
Simple Task
(ms) No Salts M=27043,SD=2139 M=27504, SD=2857
Salts M =403.00, SD=3029 M=38712 SD=4629
Choice Task
(ms) No Salts M =40930, SD=3940 M =39693, SD =526l

Note. ms = milliseconds

Simple task. The 2 jreatment) X 2 (sequence) MiXed measures ANOVA identified no statistically

significant interaction between the sequence (week one vs. week two) and the treatment (salts vs.

no salts) when analyzing simple task reaction time with a small effect size, (F (1, 14)= 08, p=

79, 1 = .01). There was no main effect for treatment on simple task reaction time when smelling

salts and no salts were compared, (F (1, 14) = .05, p= .83, 1]2 = 00). There was also no

significant main effect for tnal order when week 1 and week 2 were compared, (F (1, 14) = .07,

p=.79, 1 =.01).
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Figure 2. Simple task reaction time across sequences and treatments.

Choice task. The 2 jreatmend) X 2 (sequence) MiXed measures ANOVA identified no statistically

significant interaction between the sequence and the treatment when analyzing choice task

reaction fime with a small effect size, (F (1, 14) = .05, p= .83, I]2 = 00). There was no
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significant main effect for treatment on choice task reaction time, (F (1, 14) = 1.00, p= 33, 1]2 =

.07). There was also no significant main effect for sequence, (F (1, 14) = .50, p= 49, I]2 = _35).
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Figure 3. Choice task reaction tume across sequence and treatments.
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Anaerobic Power

Table 3 summarnizes the average anaerobic power outputs for both sequences and
treatments for all 16 participants. The results reveal no large differences between the sequences
or the treatments.
Table 3

Anaerobic Power Across Treatments and Sequences

Treatment Week 1 Week 2
Salts M=1296,SD=146 M=1260,SD=139
Peak Power
(Wikg) No Salts M=1270 SD=191 M=1256,SD=142
Salts M=658 SD=128 M=646,SD=120
Mean Power
(Wikg) No Salts M=622 SD=177 M=649 SD=093
Salts M=023 SD=004 M=021,SD=004
Power Drop
(Wisec/kg) No Salts M=022 SD=0.05 M=020 SD=0.05

Note. W = watts; kg = kilogram; sec = seconds

Peak power. There was no statistically sigmificant interaction between the sequence (week one
vs. week two) and treatment (salts vs. no salts) on peak power, (F (1, 14) = .19, p = .67, partial
1]2 = 027). There was no main effect of treatment with a small effect size, (F (1, 15)=0.78, p=
41, partial n* = .10), or sequence (F (1, 15) = 240, p = 64, partial 1> = .03) observed in the
study.

Mean power. There was no statistically sigmficant interaction between the sequence and the
treatments on mean power, (F (1, 14) = 1.267, p =297, partial 1]2 = _15). The main effect of
sequence showed that there was no statistically significant difference in mean power from week

1 to week 2 with a small effect size, (F (1, 15) = 016, p= 903, partial 1]2 = _00). The main effect
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of treatment showed no statistically sigmificant difference in mean power between smelling salts
and no salts with a small effect size, (F (1, 15) =0.591, p = 467, partial 1]2 = 08).
Power drop. There was no statistically sigmficant interaction between the sequence (week 1 vs.
week 2) and treatment (salts vs. no salts) on power drop, (F (1, 14) =0.29, p= 87, partial 112 =
.00). There were no significant differences from treatment, (¥ (1,15) =1.31, p= 27, partial 1]2 =
.08) or sequence, (F (1,15) =1.28, p= 28, partial 112 = 08).
Cardiorespiratory Response

Table 4 summarnizes the findings of the cardiorespiratory response to smelling salts and
during the no salts treatments. Cardiorespiratory responses were determined by calculating the
difference between the pre-inhalation values and the post-inhalation. Pre-inhalation was defined
by the value within five seconds before the treatment (salts vs. no salts) exposure, whereas post-
mhalation was defined by the mean value up to ten seconds after the treatment. Note that a
positive number mndicates heart rate increased from pre to post values, and a negative 1s
mdicative of a decline in values from pre to post.
Table 4

Change in Cardiorespiratory Variables Across Treatments and Sequences

Variable Treatment Week 1 Week 2
Salts M=573,8D=726 M=1092 SD =696
Heart Rate
(post — pre) No Salts M=-204, SD=303 M=-190SD=474
Salts M=073,58SD=146 M=-010SD=149
Breathing Rate
(post — pre) No Salts M=-144 SD=1.53 M=-037,8D=228

Note. Changes n cardiorespiratory variables were calculated as a difference by subtracting the

pre-mhalation value from the post-inhalation value.
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Heart rate. There was no statistically significant interaction between the sequence (week 1 vs_
week 2) and the salts treatment (salts vs. no salts) on heart rate, (F (1, 14) =2.08, p= .17, partial
1° =.16). The main effect of treatment illustrated a significant difference between the salts and
the no salts, (¥ (1,14) = 34.38, p < 01, partial 112 = 71). There were no significant differences
from sequence between the week 1 and week 2, (F(1,14) =1.37, p= 26, partial 112 = 09).
Breathing rate. There was no statistically significant interaction between the sequence (week 1
vs. week 2) and the treatment (salts vs. no salts) on breathing rate, (¥ (1, 14) =257, p= 13,
partial ni° = .16). The main effect of treatment illustrated a significant difference between the
salts and no salts, (F (1,14) =424, p = 05, partial 112 = 23), with no main effects from sequence,
(F (1,14) = .04, p = 85, partial 1> = .00).

Figure 4 demonstrates the differences observed i the change in heart rate and breathing
rate immediately post treatment in both the salts and no salts trial. This demonstrates the large
mcrease 1n heart rate that follows after smelling salt mhalation, whereas a decrease in heart rate
was observed during the no salts trial. Simular to the heart rate response, the no salt treatment

prompted a decrease in breathing rate, where as the salt treatment elicited an overall stimulatory

mcrease 1 breathing.
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Figure 4. Change in heart rate after inhalation of smelling salt. Smelling salts produced an

immediate mcrease in heart rate.
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Figure 5. Change in breathing rate after inhalation of smelling salt. The breathing rate response
15 significantly different than no salts condition, where a decrease in breathing rate was observed.
Post hoc analysis on warm-up intensity. To determune if the self-selected warm up intensity
had an effect on heart rate after smelling salts, 8 2 gigh v= 1ow) X 2 (time) DUXed ANOVA with
repeated measures on the second factor was conducted. There was no significant interaction

between the high or low initial heart rate groups and time (before vs. after smelling salt
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exposure), (F (1, 14) =2.284, p= 153, partial 112 = .140). Thus 1t does not appear that the

vanability in heart rate response to smelling salts was due to warm up mtensity.

43
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Chapter 5
Discussion

The results of the study illustrate no sigmificant changes amongst the treatment groups for
our fwo main performance variables: reaction time and anaerobic performance. These results are
also patred with no significant effect of sequence, which indicates that the order that the
treatments were executed did not affect the results. However, the players did demonstrate a
significant increase in heart rate and breathing rate in the 10 seconds immediately after smelling
salt exposure. Indicating that the participants did have an elevated sympathetic response to the
smelling salts, but the response did continue on to any improvement in the vanables indicative of
sport performance.
Reaction Time

Duning game-play, hockey players are constantly being presented with different visual
stimuli, and must quickly and efficiently react to gain a competitive advantage. The simple
reaction time could be representative of a face-off situation where a player can anticipate the
stimulus and have a pre-programmed response to the drop. The choice reaction time testing
would then allow inferences on other situations that the player may be presented with different
stimuli, with potential different responses associated with the stimuli. These reaction time tests
are mdicative of different situations that players may commonly come across in gameplay
situations. Contrary to our hypothesis, smelling salts did not significantly improve mean reaction
time for stmple or choice task; simple reaction time bemg a reaction to a single shimulus, and
choice involving information processing to be chosen between responses. Smelling salts did not
impact the performance of simple reaction time; suggestive of no affect on the stimulus

1dentification or the response programmung stage mvolved in simple reaction time. Likewise, the



EFFECTS OF SMELLING SALTS 45

response-selection stage that 1s closely associated with choice reaction time was not affected.
The order that the tnals were completed did not have a significant effect on testing.

Ergogenic aids promoting arousal are popular amongst athletes, possibly explained by
arousal bemng one of the few directly controllable factors during the day of the competition, while
other factors need to be prepared in the days prior to the competition (Tod, Iredale, & Gill, 2003).
Caffeine and smelling salts are popular arousal aids amongst athletes, and the two are reportedly
considered comparable by those that utilize them in sport (Pnitchard et al , 2014; Valasquez,
2011, McCrory, 2006). Caffeine 1s a siimulant that raises arousal levels and thus influences
reaction time by promoting faster processing of relevant information along neuronal pathways
(Dixat et al_, 2012; Ruyjter, De Ruiter, & Snel, 2000; Ruijter, de Ruuter, Snel, & Lomnst, 2000).
While caffeine has documented improvements in the literature for reaction time and anaerobic
tests, 1t appears that the acute effects of smelling salts do not have the same affects. Effects of
caffeine however, have not been directly compared to the effects of smelling salts mn previous
research, so 1t 1s difficult to definitively conclude.

After looking at the cardiorespiratory response in conjunction with the reaction fime, 1t
may be noted that the stimulatory response timing was shorter than the time until the reaction
time tests. The simulatory response lasted less than 30 seconds after smelling salt inhalation, as
also seen in Perry et al | (2016), however the reaction time tests began at 60 seconds after
mhalation. This may have been after any sympathetic stimulation/arousal had already dissipated.
The tining of the reaction time tests was justified by examuning how the smelling salts are used
m the sport of hockey, as Prewit (2016) notes that smelling salts are most commonly seen in the
pre-game ritual of players. Therefore an even larger gap between inhalation and the beginning of

the hockey shift may be present if the smelling salts are mhaled on the bench before the first
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puck drop. Therefore 1t could be concluded that smelling salts do not have a significant impact
on the reaction time of hockey players. This conclusion can be taken in light of some external
factors that may mnfluence the timing or magnitude of the sympathetic response. For example, the
player may wait until moments before the start his shift, thus delaymng the stimulation closer to
the activity. Furthermore, the player may also have a higher sympathetic response because of the
arousal of participating in the game or hearing the crowd. These factors may still have an affect
on the arousal and overall performance of the player that has yet to be investigated.
Anaerobic Performance

Simular to the lack of effect observed on reaction time, smelling salts did not have an
effect on the anaerobic performance measurements (peak power, mean power, or power drop).
The results of the study illustrate a non-significant difference in peak power between the salts
and no salts freatments. This contradicts the only other study conducted on smelling salts effects
on peak and mean power as measured by Wingate testing (Secrest, 2014). The time between
admimstration of the smelling salts and the Wingate test was quute different between these
studies, and could account for the difference in findings between the presented study and Secrest
(2014). The average time between the smelling salt inhalation and Wingate performance was six
minutes and five seconds. Secrest (2014), did not have a waiting period, and began the Wingate
testing immediately post-inhalation that observed significant differences in peak power as well as
mean power between treatment trials. Sinularly, Perry et al , (2016) found a significant increase
m rate of force development 30 seconds after smelling salt inhalation; these results may indicate
the optimal timing between the time of inhalation and the peak of arousal/strength 1s very short.

In combination with our results, this implies that if there 1s an effect of smelling salts on power,
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1t 15 not long lasting. However, the exact timing of the smelling salts may be better revealed
using a time course study.

The time period between the inhalation of smelling salts and the Wingate anaerobic test
m the current study serves to mimic a hockey game situation. Even a first line player would have
to take the smelling salt in the change room, during the warm up, or on the bench before skating
out to center ice for the first draw, and the delay until athletic performance began could be
estimated between 60 seconds to ten minutes, longer still for second through fourth line players.
Although smelling salt use prior to hockey performances 1s common, the results of this study
mdicate that there 1s no sigmficant effect from smelling salts to increase anaerobic performance.
Results from previous literature on smelling salts as an ergogenic aid for powerlifting
demonstrated similar results, with no significant change in power (Richmond et al | 2014; Perry
et al., 2016; Vigil et al_, 2017).

There were a few participants that performed consistently better after using smelling salts
for both reaction time and anaerobic power. This may be foundation for a more in depth analysis
mto a possible placebo effect. There have been studies that utilized placebos i conjunction with
smelling salts (Richmond et al., 2014; Vigil et al, 2017) and did not find sipnificant differences
between the two, whereas Secrest (2014) found a significant difference in anaerobic power
without the use of a placebo. This furthers the conclusion that smelling salts are not an effective
ergogenic aid, as the two studies utilizing placebos did not find any significant difference.
However, the participants in the studies mentioned may have had previous experience with using
ammo