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Abstract

Introduction. Neuromuscular effects of cold highlight a decrease in nerve conduction velocity, which supports its analgesic
impact, and muscle tone and strength reduction. However, it has been suggested that cold could increase strength with short-
time applications. The study aimed to compare the effects of brief and prolonged cold application on maximal isometric hand-
grip strength.

Methods. The controlled randomized clinical trial involved 112 volunteers (56 men and 56 women, mean age: 22 + 2.1 years),
randomly assigned to brief cooling group (BC, n = 36), prolonged cooling group (PC, n = 40), and control group (n = 36). BC
received quick icing in anterior forearm, while PC and control group received ice pack application and no treatment, respec-
tively. Three sessions with 3-day intervals were performed. Handgrip strength was assessed with hand-held dynamometry
before and after treatment. The main outcome was maximal isometric strength difference (MISdiff).

Results. There were statistically significant between-group differences in MISdiff in the 3 sessions (S1: p = 0.018; S2: p < 0.001;
S3: p < 0.0001), showing a strength increase in BC (p < 0.0001) and decrease in PC (p = 0.025) at the end of the sessions. In
addition, a post-intervention strength increase in BC was highlighted when analysing the sessions individually (S1: p = 0.0003;
S2: p =0.00147; S3: p = 0.0001).

Conclusions. Brief cold seems a good strategy to increase maximal isometric strength, although the underlying neurophysi-
ological mechanisms must be further studied. Brief cooling could be considered as an ergogenic low-cost support when

isometry training is required. In turn, a strength decrease after prolonged cooling was observed.
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Introduction

Cryotherapy is a common intervention used in rehabilita-
tion and other medicine areas, being a simple and low-cost
therapy accepted as an effective non-pharmacological in-
tervention for pain and inflammation [1]. Cold is usually ap-
plied for pain relief, oedema reduction, inflammatory process
management, and spasticity decrease [2]. Most clinical stud-
ies support its analgesic and anti-inflammatory effects [2, 3],
although there are different positions regarding cold applica-
tion time [4—6]. Cryotherapy application can decrease deeper
tissues temperature at the muscle and joint level, although
this depends on the therapeutic modality used [2—4]. Cold
is applied through different methods, such as ice cups, ice
packs, cold baths, hydrocolloid packages (ice pads), cryo-
pressure units, cold wet wraps, or refrigerant sprays [2]. The
modalities differ in their specific heat capacity, cooling depth,
and therapeutic effects duration, so the choice will depend
on the therapeutic aim [2, 7-10].

Cold exerts its therapeutic effects by haemodynamic pro-
cesses modulation, neuromuscular changes, and decreased
metabolism [2]. These impacts depend on cold exposure time,
skin and cold agent temperature difference, tissues thermal
conductivity, adipose tissue thickness, and individual toler-
ance [2, 10, 11]. Haemodynamic effects are related to arte-
riolar vasoconstriction, while metabolic effects result from
the slowing down of metabolic reactions [2]. In turn, neuro-

muscular effects involve slower nerve conduction velocities
(NCV) and an increase in nerve action potentials amplitudes.
Decreased NCV would support the analgesic effect by slow-
ing the conduction in free nerve endings [2, 12, 13]. In addi-
tion, muscle function has been shown to be sensitive to tem-
perature variations, which indicates that its activation is
modified not only by changes of neuromuscular spindles
discharge or joint position, but also by lower skin receptors
activation [2, 14]. Effects on sensory and motor nerve con-
duction have been compared for different cryotherapy mo-
dalities, showing that immersions in ice and water were most
effective in decreasing muscle temperature and reducing
strength [2, 13—16]. There is thus a direct relationship be-
tween NCV decrease and temperature, which is dependent
on cold exposure [17]. NCV decrease resulting from super-
ficial cold application is completely reversible at 15 minutes
after the intervention, and the effect on muscle strength de-
pends on the application time [15, 18, 19]. Ice applications
lasting more than 30 minutes have shown a decrease in iso-
metric muscle strength which recovers after 3 hours [19, 20].
NCV diminution has supported cryotherapy as an interven-
tion in motor disorders such as hypertonia and spasticity,
with the aim of reducing muscle tone in order to facilitate
movement and motor patterns in neurological conditions,
achieved by affecting A-gamma motor neurons (Ay) con-
duction and neuromuscular spindles activity [20-24].

On the other hand, some research in healthy subjects and
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hemiplegic patients have shown muscle activation after brief
cold applications [2, 19]. Brief cooling is called a ‘quick icing
technique’ (Ql) and has been proposed to facilitate neuro-
muscular activity. This technique was first described by
a physical therapist Margaret Rood, who used it as a treat-
ment in patients with motor deficits generated by different
neurological conditions [2, 9, 25]. QI consists of skin surface
ice movement applications for times shorter than 5 minutes
(usually 30-60 seconds); these are also referred to as cold
shocks. Ql basis is the facilitation of A-alpha motor neurons
(Aa) mediated by the activation of cutaneous cold receptors,
following the theory of the motor system’s final pathway
(MSFP), where Ao motor neurons activation is influenced by
both efferent and afferent stimuli [25-29]. That is how QI has
been described as a strategy to facilitate muscle strength.
This effect has been reported for isometric contraction in
healthy subjects and to favour flaccid muscles contraction
in patients with first motor neuron disorders [2, 19, 25-27].
These findings could support the QI technique where skin
stimulation seems to be the key [2, 15, 19, 30]. Unfortunately,
evidence advocating the use of cold to increase neuromus-
cular activity and strength is scarce, and more research is
necessary.

Thus, the purpose of this study was to compare the ef-
fectiveness of brief and prolonged cooling on maximal iso-
metric handgrip strength, with the hypothesis that the Ql
technique would increase muscle strength, while prolonged
cold application would reduce it.

Subjects and methods
Participants

Overall, 112 healthy volunteers (56 men and 56 women,
mean age: 22 + 2.1 years) were recruited. The participants
were students of the School of Physical Therapy, Faculty of
Rehabilitation Sciences, Universidad Andrés Bello. An invi-
tation was provided to students through formal communi-
cation channels (mailing) and social networks, summoning
211 potential participants. The selection was based on a sur-
vey whose first part was structured in relation to the general
demographic participant’s data, including name, age, sex,
body mass index (BMI), study year, and contact information
(e-mail and telephone number). The second part of the survey
consisted of closed questions involving the eligibility criteria.
All subjects received verbal and written information about
the study before giving their consent to participate.

Selection criteria

The inclusion criteria considered participants over 18 years
of age without musculoskeletal conditions such as fractures,
dislocations, sprains, or tears of the elbow, forearm, or hand
of the dominant limb within the previous 6 months. Exclu-
sion criteria involved the presence of pain or discomfort in
handgrip, cold intolerance, pathologies such as cryoglobu-
linemia, Raynaud’s disease or cold haemoglobinuria, rheu-
matoid diseases such as systemic lupus erythematosus or
rheumatoid arthritis, and adverse reactions to ice cube test.
The elimination criteria also comprised non-tolerance to cold
intervention and non-completion of the evaluation protocol.
A total of 114 participants were primarily selected, although
2 were eliminated when presenting a positive ice cube test
result. Overall, 112 subjects were finally recruited and ran-
domly assigned to 3 groups: brief cooling (BC, n = 36), pro-
longed cooling (PC, n = 40) and control (n = 36). The random-

Table 1. Characteristics of the study groups

Variable BC PC Control
(n=36) (n = 40) (n = 36) P
[
Sex Nl | 18 (32.19%) | 21 (37.5%) | 17 (80.4%) | o oo
18 (32.1%) | 19(33.9%) | 19 (33.9%) |
women
Age (years) 003194 | 025194 | 220144 |o6101+
(mean * SD)
2
BMI (kg/m) 245+50 |24.6+34 |243+4.1 |0.9471+
(mean * SD)
preMISsesswom (kg) 348 + 111 380 + 101 366 + 142 05221++
(mean + SD)

BC - brief cooling, PC — prolonged cooling, BMI — body mass index,

preM ISSess\om

— pre-intervention maximal isometric strength

Secondary variables were analysed for study groups to determine
their homogeneity. The significance level was set at p < 0.05.

* The sex variable was analysed with a chi-squared test.

* The variables of age, BMI, and preMIS,,,,; were analysed with
an ANOVA one-way parametric test.

ization was performed with opaque envelopes. The BC group
was treated with Ql in the anterior surface of the dominant
forearm, while the PC group and control group received ice
pack treatment and no intervention, respectively (Figure 1).
The participants’ demographic data were tabulated in Mi-
crosoft Excel® 2016 (Table 1).

The secondary variable of sex was represented as fre-
quency, while age and BMI were represented as averages with
their respective standard deviations (SD). The primary vari-
able of pre-intervention maximal isometric strength (preMIS)
was expressed as average with its SD. The homogeneity of the
groups was analysed with the Stata v. 14 software.

Procedures
Ice cube test

This is a clinical test to determine cold sensitivity. The test
consists in placing an ice cube on the forearm for 5 minutes,
then removing it, and waiting for approximately 10 minutes
for the recovery of normal skin temperature. The result is
positive when pruritus or welts appear, indicating that there
is sensitivity to cold. The test has a sensitivity of 83% and a
specificity of 100% [31]. It was applied by a blinded physi-
cal therapist in an individual box. A total of 114 participants
were evaluated before the randomization process, and 2
positive results were obtained.

Dynamometry

Hand-held dynamometry was chosen to measure iso-
metric strength because it is a validated, reliable, and simple
method [32-36]. The isometric strength was evaluated with
the Jamar manual dynamometer manufactured by Lafayette
Instrument Company, USA (model 63785). It provides a range
of 0-90 kg (0-200 Ib) of measurement [33, 34, 37]. The par-
ticipants’ maximal isometric strength difference (MISdiff) was
obtained between pre- and post-treatment maximal isomet-
ric gripping strength (MIS) for each session. Grip strength
evaluation involved 3 sessions with 3-day intervals. The as-
sessment was performed by a blinded physical therapist. The
participant was sitting, with their shoulder adducted, elbow
flexion of 90°, and forearm in neutral pronosupination. They
were verbally instructed to make 3 grip attempts with their
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( Enrolment )

Participants (n = 211)

\4

Assessed for eligibility (n = 114)

A 4

Excluded (n = 2)

* Not meeting inclusion criteria (n = 2)
* Declined to participate (n = 0)

e Other reasons (n = 0)

Randomized (n = 112)

I

C Allocation )

!

Experimental group (n = 36)

* Received brief cooling intervention
(n = 36)

¢ Did not receive allocated intervention
(n=0)

Experimental group (n = 40)

* Received prolonged cooling intervention
(n=40)

* Did not receive allocated intervention
(n=0)

Control group (n = 36)

* No received intervention (n = 36)

* Did not receive allocated intervention
(n=0)

C Follow-up )

v

Evaluation sessions 1, 2, and 3
(3-day interval between sessions)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Evaluation sessions 1, 2, and 3
(3-day interval between sessions)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Evaluation sessions 1, 2, and 3
(3-day interval between sessions)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

C Follow-up )

v

Analysed (n = 36)
 Excluded from analysis (n = 0)

Analysed (n = 40)
* Excluded from analysis (n = 0)

Analysed (n = 36)
* Excluded from analysis (n = 0)

Figure 1. The study flowchart

dominant forearm, and the best MIS was registered in kilo-
grams. The rest time between the attempts was 60 seconds
to ensure muscle recovery [31, 36].

Brief cooling (quick icing technique)

The technique consisted in a direct application of ice cups
brushes on the anterior dominant forearm surface for 60 sec-
onds [2, 25, 26]. The test was performed by a blinded physi-
cal therapist in an individual box. The participant was sitting,
with their shoulder adducted and forearm leaning on a table
in supination. The subjects remained in the clinical box for
10 minutes, and the cold brushing was applied at minute 9.

Prolonged cooling
The technique consisted in a direct application of an ice

pack over the anterior region of the dominant forearm for
10 minutes. The intervention was performed by a blinded

physical therapist in an individual box, with the participant
in the same position as described for brief cooling.

Statistical analysis

Descriptive statistics including mean and SD were pro-
vided for the variables of age, BMI, preMIS, postMIS, and
MISdiff, while frequency (%) was used for sex (Table 1). The
Shapiro-Wilk test showed a normal distribution of the data
so that an ANOVA one-way parametric test was applied to
compare strength variables between the groups. After the
analysis with ANOVA, the Bonferroni post-hoc test was con-
ducted to compare the MISdiff between the groups and to
determine statistically significant differences between them.
Later, an analysis of intragroup MISdiff per session was per-
formed by using the {-Student test. The significance level of
0.05 was considered for all statistical tests. The statistical
analysis was performed with the Stata v. 13 software.
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Table 3. Intergroup comparison of maximal isometric strength difference between final evaluation and baseline by sex and total

Mean difference (kg) PC Control
p Men Women Total Men Women Total
2.95
Men 0.049*
1.00
Control Women 0.791
1.99
Total 0.025*
Men 6.62 3.67
0.000* 0.013*
3.80 2.80
BC Women 0.000* 0.009*
Total 5.24 3.25
0.0000* 0.0000*

PC — prolonged cooling, BC — brief cooling

Intergroup MISdiff between last evaluation and baseline (MISdiff,...s_1) represented by means. The Bonferroni multiple comparison test

was used to analyse the difference of means between the groups.
*p<0.05

Table 4. Intragroup maximal isometric strength differences

Variable BC PC Control
(n = 36) p (n = 40) p (n = 36) p

MISdiffyeqgns-1 (kO) 1.9+29 0.0003 06+28 0.2612 0022 0.5000
(mean £ SD)

MISAiffyesg0rz-o (kO) 1.8+ 3.1 0.0015* 0038 0.7388 1.3+ 2.1 0.0020*
(mean £ SD)

MISAifyesg0na-o (kO) 24+3.2 0.0001* 0.1+4.3 0.9061 03+27 0.1885
(mean + SD)

BC - brief cooling, PC — prolonged cooling, MISdiff — maximal isometric strength difference
Intragroup MISdiff per evaluation session. Comparison was performed with the #-Student test.

*p<0.05

0.003) and in sessions 2 and 3 for men (MISdiff . ono-1, P =
0.0005; MISdiff,.ons-1» P < 0.0001). The results show an in-
crease in strength for the BC group in MISdiff,,ons_1, €ING
greater in men than in women (4.7 £ 1.9 kg and 3.2 + 3.7 kg,
respectively). The PC group presented a decrease in strength
in MISdiff for both sexes, being also larger in men than

session3-1

in women (-1.8 + 4.7 kg and —-0.3 + 2.0 kg, respectively).

Intergroup maximal isometric strength difference
between final and baseline evaluation

The one-way ANOVA test showed statistically significant
differences for MISdiff,.. .51, Which suggests a variation of
MIS between the groups considering the baseline strength
(preMIS, .0n1)- The Bonferroni multiple comparison test was
used to analyse the differences of means between groups
by sex and total (Table 3). It revealed statistically significant
differences between all groups when comparing the means of
MISdiff..ons_1» although the greatest difference was found
between the BC and PC groups (average strength differ-
ence: 5.24 kg, p < 0.0001), being statistically significant for
both sexes, although greater for men than women (average
strength difference: 6.62 kg and 3.80 kg, respectively). The
difference between means for MISdiff . ,.; @lso demon-
strates statistically significant differences in favour of the
BC group compared with the control group (average strength
difference: 3.25 kg, p < 0.0001) and also when analysed by
sex (average strength difference: 3.67 kg, p = 0.0013 for men;
2.80 kg, p = 0.009 for women).

Intragroup maximal isometric strength difference

Intragroup analysis of MISdiff for each evaluation day
was performed with the t-Student test (MISdiff . oni1»
MISdiff ecgionz—os MISAiff iqona_s) (Table 4). The results showed
statistically significant changes in MISdiff for each evaluation
session in the BC group, suggesting variations in strength be-
tween the pre- and post-intervention evaluation (MISdiff . on_1s
p = 0.0003; MISdiff om0 P = 0.0015; MISdiff . oz s P =
0.0001). The results obtained in the PC group for each ses-
sion did not reveal statistically significant differences between
pre- and post-intervention evaluations. The control group did
not exhibit statistically significant differences for sessions 1
or 3, but a significant change was observed for the second
evaluation session (p = 0.0020).

Discussion

The decrease in NCV is one of the most studied neuro-
muscular effects of cryotherapy, being the basis of analgesic
effects and decreased muscle tone described in physical
therapy [1-3, 20, 21, 38, 39]. On the other hand, research on
cold effect on muscle performance has demonstrated a de-
crease in strength, which would be sustained by decreased
NCV, hypoperfusion, and cold ability to stiffen tissues by
affecting their viscoelastic properties. Strength decrease is
also dependent on the treatment time and the cryotherapy
modality used [2, 4, 15, 38, 40]. Decreases in strength have
been reported with cold applications longer than 5 minutes
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and preferably with cold-water immersion because it seems
that they reach a greater depth to affect skeletal muscles
[2, 4, 10, 13]. Despite the above, some research has docu-
mented that isometric muscle strength increases with brief
cold applications, which would be achieved by ice massage
for less than 5 minutes [2, 19, 25, 26].

Therefore, the objective of this study was to investigate
the effects of brief and prolonged cold on MIS in the context
of the idea of cold application as a strength increase tech-
nique. The obtained results showed an increase in MISdiff for
the hand-held dynamometer test in the BC group compared
with the PC and control groups, demonstrating an effect size
at the end of the 3 sessions of 1.1414 between the BC and
control groups, and 1.5188 between the BC and PC groups.
It is interesting that these changes were appreciated in the
first session and maintained and increased during the eval-
uation sessions, which would support the use of cold for in-
trasession and intersession strength increase. It should be
noted that although there were increases in strength in both
sexes in the BC group, these were greater among men, which
reaffirms their better performance in hand dynamometry and
faster neural adaptation mechanisms in strength gain [41-43].
That is how strength increases would support cold application
to raise strength [2, 19, 25, 26]. Unfortunately, the mecha-
nisms proposed for these changes are not entirely clear,
although a key would be the MSFP formed by all sensory
afferences and convergent motor efferences in Ao motor
neurons. In this way, stimulation of cold receptors at the skin
level would have positive feedback on Ao motor neurons that
control muscles underlying the skin, where the receptors are
located. Stimulation of the sympathetic nervous system by
the alert stimulus generated by cold has also been suggest-
ed. The sympathetic nervous system would not only be re-
sponsible for the cold-induced skin arteriolar vasoconstric-
tion effect but would also facilitate vasodilation at the muscular
level and the discharge of Ay motor neurons with a subse-
quent activation of MSFP [2, 19, 25, 26, 38, 40]. Furthermore,
the decrease in strength obtained in the PC group after the
3 sessions reaffirms the effect of NCV reduction associated
with cold. Although strength decrease did not show intra-
session changes, there was a decrease when comparing
baseline values with those achieved in the third evaluation
[2, 3,5, 15, 18, 28, 40].

With the results and differences in MISdiff between the
groups, it is ruled out that these increases in strength were
due to the repetition of the test (training), since all participants
performed the same number of attempts and sessions, with
the same intrasession and intersession muscle recovery. It is
also ruled out that the decrease in muscle performance in
the PC group was due to fatigue, as the recommendations
of time intervals between the dynamometry attempts were
followed to ensure muscle recovery [37].

The obtained results are interesting; they expand the pos-
sibilities of intervention with cryotherapy and support cold
application as a low-cost and highly available ergogenic al-
ternative to recover isometric strength. Undoubtedly, isometry
is an important component of muscle training, but it would be
noteworthy to carry out new protocols that evaluate other
phases of muscle contraction (concentric or eccentric). The
new protocols could include different cold application times
to establish a cut-off point when the cold facilitates or affects
the strength, as well as its minimum dose. It would also be
interesting to compare brief cooling with other strength pro-
motion strategies, such as electrotherapy.

Limitations

Sample size calculation was not possible because the
few studies of brief cooling did not report enough information
to determine their effect size. This information is necessary
to calculate the number participants required (1 — p). With
this consideration, post-hoc statistical power of the 2 inter-
ventions was estimated in relation to the observed change
differences taking the control group as reference. For this
analysis, MISdiff..s1 Was assumed as the final change
variable after the 3 sessions. A statistical power of 0.7437
was obtained for PC and 0.9987 for BC (o = 0.05). This in-
formation will allow estimating sample sizes for new proto-
cols. Another limitation was the number of treatment ses-
sions performed; perhaps a greater number of sessions
could generate potentiation of prolonged and brief cold ef-
fects on strength. The study sought to evaluate short-term
effects of cold, for which 3 sessions were enough.

Conclusions

This study shows that brief cooling increased maximal
isometric strength as evaluated in the manual dynamometric
test. Therefore, cold could become a low-cost alternative for
physical therapists when they want to work on muscle strength.
Although the neurophysiological mechanisms are not entirely
clear, the results reaffirm what several studies initiated long
time ago. It is proposed to carry out new protocols, assess-
ing other phases of muscle contraction, and perform compari-
sons with other strength-increase strategies used in physical
therapy, revealing cryotherapy effects to improve muscle per-
formance as a natural and non-invasive ergogenic alternative.
In addition, the effects of prolonged cold consisted in re-
ducing the isometric strength of grip.
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