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Abstract: (1) Background: Stimulating oropharyngeal transient receptor potential (TRP) channels
inhibits muscle cramping by triggering a supraspinal reflex to reduce a-motor neuron hyperexcita-
bility. This study investigated whether longer stimulation of TRP channels via mouth rinsing with
PJ is more effective than drinking PJ at inhibiting an electrically induced muscle cramp (EIMC); (2)
Methods: Tibial nerve in 11 cramp-prone adults were percutaneously stimulated to elicit an EIMC
of flexor hallucis brevis in three trials 1-week apart. At cramp onset participants received mouth
rinsing and expelling PJ (25 mL), ingesting PJ (1 mL-kg? body-mass [BM]), or ingesting water (1
mL-kg?! BM). Cramp onset and offset by electromyography and severity of discomfort was rec-
orded using a visual analogue scale (VAS); (3) Results: Median time to cramp cessation as a percent-
age of water was 82.8% + 14.634 and 68.6% + 47.782 for PJ] ingestion and mouth rinse respectively.
These results had large variability and no statistically significant difference was observed. There
were also no differences in perceived cramp discomfort between conditions, despite hazard ratios
for time to VAS = 0 higher than water for PJ ingestion (22%) and mouth rinse (35%) (p = 0.66 and
0.51 respectively); (4) Conclusions: Data suggest no difference in cramp duration and perceived dis-
comfort between PJ] and water.

Keywords: Cramping; electromyography; electrical stimulation; cramp induction; flexor hallucis
brevis; pickle juice; oropharyngeal transient receptor

1. Introduction

Exercise associated muscle cramps (EAMC) are involuntary, spasmodic, often pain-
ful contractions of skeletal muscles, that can last several minutes [1,2]. They generally oc-
cur in multi-joint muscle groups, such as the hamstrings or gastrocnemius, during or fol-
lowing exercise, when the muscles are active and shortened [1,3] (e.g., hip extension with
knee flexion may cause a hamstring cramp). These cramps are common amongst recrea-
tional, and competitive athletes of various sports and ability levels [3-5] They are associ-
ated with elevated concentrations of muscle damage biomarkers [6] and local muscle fa-
tigue, thereby impairing function [4].

There has been conjecture regarding the cause of EAMC, with the “electrolyte-deple-
tion and dehydration theory’, and the ‘altered neuromuscular control theory’ predomi-
nating [2,3,7-11]. The former theory is based on anecdotal reports dating back over a cen-
tury [10,12], which postulate that EAMC are due to fluid and electrolyte depletion through
exercise induced sweating [3]. It is believed that sweat loss leads to a reduction in plasma
volume with exercise [8], which causes contracture of the interstitial space [13,14]. Recent
research suggests that the pathophysiological mechanism triggering EAMC is multifacto-
rial, however, the primary cause is believed to be the result of altered neuromuscular con-
trol [9,14,15]. The “altered neuromuscular control theory” postulates that neuromuscular
fatigue and muscle overload cause an imbalance in inhibitory and excitatory impulses to
the muscle, causing EAMC [1,9,10]. Given that EAMC generally occur at shortened muscle
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length, reduced tension in the tendon may decrease inhibitory feedback from the Golgi
tendon organ afferents [1,9] which, when coupled with the excitatory impulses from mus-
cle spindles, cause an imbalance between inhibitory and excitatory drives to the "a" -mo-
tor neurons [1,9,10,16]. This leads to greater excitability at the spinal level, and enhanced
"a" -motor neuron discharge to the muscle fibres [1,16]. Initially, this presents as a muscle
fasciculation when measuring electromyographic (EMG) activity; however, a localised
muscle cramp may develop if fatiguing exercise persists [7].

Many potential remedies (e.g., stretching, massage therapy, kinesio-taping) have
been developed to treat EAMC with varying levels of efficacy [14]. Ingestion of pickle juice
(PJ), a solution containing acetic acid and high concentrations of salt has become popular
[10,14]. Miller et al. [17] reported that ingesting 1 mL-kg-1 body-mass (BM) of PJ during
an electrically induced muscle cramp (EIMC) reduced cramp time by up to 45%. Given
that EIMCs are strongly correlated with EAMC [16], the authors concluded that the inhib-
itory effects of PJ on EAMC may be caused by acetic acid [17]. The sour taste of acetic acid
is thought to stimulate the oropharyngeal receptors to trigger a supraspinal reflex that
increases inhibitory neurotransmitter activity, potentially activating interneurons to
postsynaptically inhibit the "a" -motor neuron pool of the cramping muscle [17]. This no-
tion would support the “altered neuromuscular control theory’, however, evidence for this
is lacking.

The oropharynx is host to a vast array of receptors, including taste receptors [18]
through which the peripheral gustatory system can gather multisensory information, and
communicate this via neural pathways to the brainstem [18]. Transient receptor potential
(TRP) channels are nociceptor ion channels within the oropharynx [19]. Although little is
known about these receptors [20,21], they are found to be stimulated by weak acids such
as acetic acid [22]. Based on this neural mechanism, studies have assessed mouth rinse for
preferentially stimulating taste receptors to elicit a physiological response [23-26]. For ex-
ample, mouth rinsing with a carbohydrate solution triggers a neural response resulting in
an ergogenic effect on endurance exercise performance [23,25]. The mouth rinse modality
has gained popularity as a means of intervention delivery [24], and may be an appropriate
modality for PJ delivery during muscle cramping to cause the inhibition of EAMC via
stimulation from acetic acid [17]. Therefore, this study investigated whether mouth rins-
ing PJ: 1) reduced the duration of an EIMC compared with water, 2) reduced the discom-
fort associated with an EIMC more than water, and 3) was superior to ingesting PJ at in-
hibiting an EIMC in active cramp-prone adults.

2. Materials and Methods

2.1 Participants

Nineteen currently active adults aged 18-35-y volunteered to participate in this

study. All participants were completing three sessions of exercise per week throughout
the study. Only volunteers who had experienced EAMC within the past six months were
considered for the study. Volunteers were excluded from participating in the study if they
reported: 1) any lower limb injury or surgery within the past six months; 2) any past ad-
verse reactions to electrical stimulation; 3) an allergy to pickles; 4) having been diagnosed
with any cardiovascular, neurological, or blood-borne pathologies, as electrical stimula-
tion may trigger adverse physiological processes in these conditions [27]. Participants (n
= 8) were further excluded if they failed to experience an EIMC in their flexor hallucis
brevis (FHB) when stimulated at 24 Hz during the familiarisation session.
Therefore, the final participant number was 11 (females n = 3; mean + SD, age = 27.1 +5.0
y, height = 176.8 + 9.2 cm, BM = 76.3 + 14.4 kg). All procedures were approved by the
Curtin University Human Research Ethics Committee (HRE2018-0651), and all partici-
pants provided written informed consent.
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2.2 Study Design

A randomised, repeated measures crossover design was used to ascertain the effect
of three conditions: 1) mouth rinsing 25 mL of P] (Pickle Juice Sport, The Pickle Juice Com-
pany, Mesquite, TX, USA) for 10 s, then expelling [24]; 2) ingesting 1 mL-kg-1 BM of PJ
(Pickle Juice Sport, The Pickle Juice Company, Mesquite, TX, USA); 3) ingesting 1 mL-kg-
1 BM of room temperature water [17], on cramp duration, and severity of discomfort ex-
perienced from an EIMC in the FHB of active cramp-prone adults. Pickle juice mouth rinse
and ingestion will be henceforth referred to as PJMR, and PJI respectively.

2.3 Experimental procedures
2.3.1 Familiarisation session

Participants attended a familiarisation session where the study procedures were ex-
plained, and to screen whether electrical stimulation of their FHB was tolerated, and pro-
ductive of a cramp. The FHB was selected because low frequency percutaneous stimula-
tion of this muscle induces cramps that have both intra- and inter-sessional reliability
[17,28], The non-dominant leg was screened for cramp induction during familiarisation,
whilst the dominant leg was stimulated during testing [17]. This prevented any residual
local physiological changes from the familiarisation session affecting the results during
testing, which commonly occurred the following day [17]. The participants dominant leg
was determined by asking the participant which is their preferred kicking leg.

During the familiarisation session, the participant sat upright on a plinth with their
legs fully extended and ankles placed over the edge. On the non-dominant leg, two
Ag/AgCl EMG electrodes were positioned 2 cm apart on the FHB mid-belly [28], and a
reference electrode was placed on the ipsilateral lateral malleolus using standard EMG
preparatory procedures [29] (see Figure 1). This leg was then prepared for cramp induc-
tion using electrical stimulation with a constant current stimulator (model DS7A,
Digitimer Ltd, Hertfordshire, UK). The stimulation conductor was positioned inferior to
the medial malleolus (Figure 1), and the tibial nerve was stimulated sub-maximally 2 - 4
times, with a 1 ms electrical stimulus at 200 mA. The site which stimulated the greatest
hallux flexion was marked for replication during the cramp induction. The EMG elec-
trodes were then connected to a computer via a Bortec AMT-8 EMG amplifier (Bortec Bi-
omedical Ltd, Calgary, Canada) and an NI USB-6221 analogue to digital converter (Na-
tional Instruments, Austin, TX, USA) which began recording time and EMG from the ini-
tiation of the electrical stimulus, using LabView software package (National Instruments,
Texas, USA).

Medial aspect Lateral aspect

Figure 1. Diagram of electrode and stimulation conductor placement.

The participant was shown how, and practiced performing an isometric contraction
of their non-dominant FHB. Once able, they were instructed to repeat and maintain the
contraction until signalled to relax, and were told to verbalise when they felt the muscle
was about to cramp. When the impending cramp was signalled, a train of electrical stim-
ulation via the tibial nerve was delivered at an intensity of 200 mA, for 2 s. The volitional
contraction was maintained for 10 s from stimulus initiation, then the participant was
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instructed to relax. The initial stimulus frequency was 4 Hz, delivering a total of eight
stimuli on the first trial [28]. If a cramp was not induced, the participant was rested for 1
min and the process was repeated with the train frequency increased by 2 Hz [28]. This
process was repeated until either an EIMC of the FHB was produced, or the frequency
reached 24 Hz [28]. The frequency at which a cramp was induced was recorded as the
participant’s cramp threshold frequency (CTF), which is the minimum frequency required
to stimulate a cramp [30]. This CTF was used to induce all subsequent cramps.

The FHB was considered cramping if involuntarily contraction immediately suc-
ceeded cessation of volitional contraction, verified by the participant’s self-report of a
cramp, sustained hallux flexion, and an average EMG root mean square amplitude >2 SDs
greater than the baseline reading [28]. Upon determining the CTF, the protocols for in-
gesting and mouth rinsing were practiced with water, thus ensuring protocol familiarity
prior to experimental sessions.

2.3.2 Experimental sessions

Assuring inter-sessional standardisation, participants attended all experimental ses-
sions having fasted (12 hours) and abstained from exercise (24 hours). Upon arrival, a
refractometer (Sper Scientific, Ltd, Scottsdale, USA) was used to measure urine specific
gravity (USG) ensuring each participant was in a dehydrated state reading >1.050 [31], as
dehydration may increase the likelihood of cramp onset [32].

To minimise effects between trials, testing sessions were performed on the dominant
leg at least one week apart [17]. The leg was prepared as per the familiarisation session,
and electrode positions were marked with permanent marker [28] and photographed to
enable replication in subsequent trials. Participants were instructed to re-mark the sites if
fading was observed [28]. During the initial testing session, prior to the first volitional
contraction, baseline FHB activation was measured for 15 s while the volunteer relaxed
the muscle. Before cramp induction, the participant was instructed to refrain from stretch-
ing the upcoming cramp, allowing maximum duration. At their pre-established CTF, a
cramp was induced using a 200 mA stimulation for 2 s. Immediately following cramp
detection and verification (10 s after electrical stimulus initiation), the participant was sig-
nalled to administer the intervention (PJMR, PJI, or water ingestion). Every 10 s during
the cramp, the participant was instructed to rate the severity of discomfort experienced
on a 100 mm visual analogue scale (VAS), where 0 = no discomfort and 10 = maximal
discomfort. A cramp was considered alleviated when the EMG activity returned to <5%
of the baseline contraction for 3 s.

2.4 Statistical Analysis

A one-way ANOVA was used to compare USG mean scores. To determine the effect
mouth rinsing and ingesting PJ had on cramp duration, EMG raw data were rectified and
digitised, and then individual values for PJMR and PJI were normalised to the water con-
dition before being analysed. The EMG data was notch filtered at 50 Hz using a 2nd order
zero lag Butterworth filter. The data were then smoothed using a moving root mean
square window of 1 s. The minimum of these smoothed data was located, and the mean
of the surrounding 0.5 s smoothed data was calculated. The time point at which the
smoothed data dropped below 1.5x the minimum smoothed value for 0.1s was then lo-
cated to determine the offset time of the cramp.

Linear mixed models with random intercept participant effects were used to com-
pare VAS between conditions over time and results were summarised using graphical
representation of the marginal estimates. Time to cramp-end and time to zero discomfort
(VAS = 0) between conditions were estimated using Kaplan-Meier survival probabilities.
Results were summarised using Kaplan-Meier curves and medians and 95% confidence
intervals of times to events. Log Rank tests were used to compare survival probabilities
between conditions. Effect of condition on time to zero discomfort was examined using
Cox proportional hazards regression, and effects summarised using hazard ratios and
95% confidence intervals. Participants were censored if VAS did not reach zero. Longitu-
dinal and mixed model data were analysed using Stata version 15.1 (StataCorp, TX, USA),
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all other data were analysed with IBM SPSS version 24.0 (IBM Corporation, New York,
NY, USA). Statistical significance was accepted at p <0.05.

3. Results

3.1 Urine specific gravity
There were no significant differences in USG between PIMR (mean + SD; 1.068 +
0.005), PJI (1.067 +0.007), and water (1.066 + 0.01) conditions (F = 0.069, P = 0.93).

3.2 Cramp duration

Median time to cramp cessation for the control (water) condition was 50.68 s. As a
percentage of the control condition, the median cramp duration of the PJI and PJMR con-
ditions were 82.8% (95% Cls = 54.13 - 111.50) and 68.6% (95% Cls = 0.00 - 162.21) respec-
tively (Table 1) based on the Kaplan-Meier survival probabilities (Figure 2). However, this
time difference was not significantly different between conditions (p = 0.942, Log-Rank
test). Furthermore, given that the confidence intervals were set at 100, and the ranges for
both PJMR and PJI include the null value of 100, there was no statistical difference be-
tween conditions.

Table 1. Medians for cramp survival time

Median

95% Confidence Interval

Median Point Median Std.

. Estimate Error
Condition Lower Bound Upper Bound
PJI 82.81 14.63 54.13 111.50
PJMR 68.56 47.78 0.00 162.21
Water 100.000 0.00 - -
Overall 100.000 0.34 99.34 100.67

Point estimate — expressed as a percentage of the water control condition, with water set at 100%; Median
95% confidence intervals set at 100, therefore ranges must not cross 100 to be considered statistically

different; PJI - pickle juice ingested; PJMR — pickle juice mouth rinsed.


https://doi.org/10.20944/preprints202105.0045.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 May 2021 d0i:10.20944/preprints202105.0045.v1

1.0

Condition
—Rl
—IPJMR

0s8

0g

o7

06

05

Cum Survival

04

03

0z

04

0o
o] 20 40 &0 &0 100 120 140 160 180 200

% Time

Figure 2. Kaplan-Meier (time to event) survival analysis showing time (expressed as a percentage
of the water control condition, with water set at 100%) to proportion cramping returns to 0, repre-
senting cramp offset. PJI — pickle juice ingested; PJMR - pickle juice mouth rinsed.

3.3 Severity and duration of perceived cramp discomfort (VAS)

Linear mixed models with random subject intercepts were used to compare VAS be-
tween conditions over time (Figure 3). Kaplan-Meier survival probabilities showed no
significant difference in time to VAS = 0 between conditions (p = 0.76, Log Rank test) (Fig-
ure 4). Cox regression was used to compare PJI and PJMR to water for time to VAS = 0.
Although the hazard ratios for both PJI and PJMR were higher (22% and 35%) compared
with water, these results were not statistically significant (p = 0.67 and 0.51). Note: One
participant did not reach zero in all conditions and was therefore censored in the survival
model.
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Figure 3. Linear mixed models with random subject intercepts comparing visual analogue scale
(VAS) between conditions over time (seconds).
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Figure 4. Kaplan-Meier (time to event) survival analysis for time (seconds) to visual analogue scale
(VAS) to return to 0, representing severity of discomfort.

4. Discussion

This study is the first to report whether mouth rinsing PJ has any inhibitory effect on
EIMCs in active cramp-prone adults. It aimed to determine whether mouth rinsing PJ: 1)
reduced the duration of an EIMC when compared with water, 2) reduced the discomfort
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associated with an EIMC more than water, and 3) was superior to ingesting PJ at inhibiting
an EIMC.

There was no significant difference in cramp duration between conditions. Interest-
ingly however, the point estimates for median cramp duration reduced by 17.2% and
31.4% in PJI and PJMR respectively compared with water (50.68 s). Similarly, Miller et al.
[17] found that cramp duration was reduced by 45% compared with baseline when in-
gesting PJ (pre: 153.2 + 23.7 s, post: 84.6 + 18.5 s). A recent study investigating the acetic
acid concentration in various substances found that several pickle brines (acetic acid
weight percent [AAwt%] range = 0.406 + 0.007 - 0.796 + 0.007) [33] similar to those used in
the study by Miller et al. [17] - had a greater AAwt% than the proprietary PJ (0.260 +
0.006%) [33] used in the current study. Reduced acetic acid concentration in the tested
conditions may suggest a larger sample was needed to account for concentration differ-
ence, potentially contributing to the lack of significance observed. Furthermore, unlike the
current study, Miller et al. [17] only included cramps that lasted 290 s, thus reducing the
potential for variability. Although a similar sample and intervention was tested in the
current study, the absence of a minimum cramp duration inclusion criterion resulted in
wide-ranging variability between participants, making it difficult to assess any changes
caused by PJ.

Miller et al.’s [17] study reported reliable electrical induction of long (=90 s) muscle
cramps in the FHB of participants. However, despite replicating Miller et al.’s [17] cramp
induction protocol during pilot testing, the authors were unable to induce muscle cramps
reliably. Even upon modifying the protocol, the authors observed marked variability in
cramp duration between participants, with few lasting 290 s. Consistency in individuals’
inter-sessional cramp durations was observed, resulting in the inclusion of all participants
who experienced a FHB EIMC during the familiarisation session, regardless of cramp du-
ration. Considering that few participants experienced long cramps, the current sample is
a better representation of the general cramp-prone population.

Despite expanding the inclusion parameters, the authors were unable to induce
cramps in eight cramp-prone participants during the familiarisation session, resulting in
exclusion of these participants from the study thereby reducing the total number of da-
tasets collected. Furthermore, the unsecured foot position of participants during testing
may also contribute to the variability in the data. By not adequately restraining the foot
there is the potential for adjacent muscles to cause reciprocal inhibition that affects FHB
activation [34], possibly impacting the results. Improved methods for inducing and main-
taining a cramp for long enough to assess the effects of interventions should be a priority
for future research.

The current study showed no significant changes in severity or duration of perceived
cramp discomfort between conditions during an EIMC. No other studies monitoring the
effect an intervention had on perceived discomfort throughout the duration of a cramp
have been identified. Other studies testing TRP-activator ingestion, assessed perceived
discomfort severity pre- and post-cramp induction, but not during, with mixed findings
[30,35]. One study found no changes to perceived discomfort between the TRP-activator
intervention group and placebo control at various time points across the 24 h following
the electrical induction of a calf cramp [30]. Whilst another found that during the initial
20 min following volitional calf cramp cessation, the perceived discomfort (on a 1 to 10
rating scale) was significantly lower for the TRP-activator group (3.4+4.6) than the control
(4.0+2.2) [35]. Interestingly, Earp et al. [36] found that perceived discomfort severity of an
EIMC was significantly (p = 0.01) reduced in participants when comparing an electrolyte
beverage (2.00 + 0.54) to a placebo beverage (2.88 + 0.84). However, unlike the current
study, these study protocols had participants ingesting the conditions prior to cramp in-
duction. Therefore, it is not yet known whether TRP-activators or other interventions re-
duce discomfort during or after muscle cramps when ingested immediately following
cramp onset.

Muscle cramps are typically offset by passive stretching of the muscle secondary to
pain and loss of function [14]. In this study participants were asked to relax and allow the
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References

cramp to subside unaided. The severity of discomfort reported by participants varied
greatly and so it is not possible to suggest any relationship between severity or duration
of discomfort and PJ.

Through assessing P] mouth rinsing and ingestion, this study was able to measure
the effects of exclusively stimulating oropharyngeal receptors with PJ. Although the liter-
ature suggests that PJ alleviates skeletal muscle cramping by stimulating oropharyngeal
TRP-channels that trigger an inhibitory supraspinal reflex [17,19,30,37], the current study
does not support these findings. The authors found no statistical difference in cramp du-
ration or perceived discomfort between PJ and water in active cramp-prone adults.

Given the limitations of the study recommendations for future research can be sug-
gested. The aetiology of EAMC is still unknown; however, it is likely multifactorial in
nature with altered neuromuscular control [38] and hypohydration contributing to onset
[32]. To better understand the mechanism causing immediate relief of EAMC, future stud-
ies should compare PJ with water by testing mouth rinsing and ingesting for both condi-
tions. Furthermore, intervention and placebo groups should be considered to enable
blinding. However, an appropriate placebo for PJ will be difficult to create and may pre-
sent challenges with assessment.

5. Conclusions

The present study found no evidence that PJ ingested or mouth rinsed is more effec-
tive than water for alleviation of EIMC. However, given the large variability in cramp
duration it is difficult to determine any meaningful effect of P] on muscle cramps. Future
studies should seek to determine the most consistent protocol for cramp induction, and
continue research into alleviating EIMC quickly with an improved methodological ap-
proach to better understand whether mouth rinsing PJ is, in fact, an efficacious treatment
for acute EAMC.
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