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ABSTRACT

Introduction: Cryotherapy is widely used in sports to facilitate recovery from
exercise-induced muscle damage that often results from strenuous training and/or
competition. However, a paucity of evidence exists on the therapeutic values of re-
peated air pulsed cryotherapy (CRYO) application to suggest its usefulness to clini-
cians, coaches, sports scientists and athletes in the field of sports and rehabilitation.

Aim: This study investigates the effectiveness of CRYO on the recovery from
delayed onset of muscle soreness (DOMS) induced by eccentric exercise.

Material and methods: Thirty-two participants (21.31 = 1.03 years, height
1.72 = 0.05 m, BMI 22.15 + 1.69 kg/cm?) were equally randomized into CRYO
group and control group (CONT). DOMS was induced by eccentric contractions
of elbow flexors. Visual analogue scale score (VAS), mid arm circumference (MAC),
pressure pain threshold (PPT), range of motion of active elbow flexion (ROM-AF),
passive elbow flexion (ROM-PF), active elbow extension (ROM-AE), passive el-
bow extension (ROM-PE) and isometric peak torque of elbow flexors (IPT) were
measured at pre-exercise (PRE), immediately, 1, 2, 3, 4, and 7 days post exercise.

Results and discussion: There were significant interactions effect (group
X time) with (P < 0.05) for VAS, MAC, PPT, ROM-PEF, ROM-AE, and ROM-PE.
Additionally, all outcome measures (except for ROM-AF and IPT) demonstrated
a significant improvement (P < 0.05) in DOMS recovery in the CRYO group
compared to CONT group.

Conclusions: A 20 minutes (4 session X 5 minutes) session for 5 consecutive days
of repeated air pulsed cryotherapy has beneficial effects on the recovery of DOMS on
elbow flexors from eccentric exercise.

Corresponding author: Peanchai Khamwong, Department of Physical Therapy Neuro-Musculoskeletal and Pain Research Unit,
Faculty of Associated Medical Sciences, Chiang Mai University, 50200 Chiangmai, Thailand. Tel.: +66 539 492 46.

E-mail: peanchai.k @cmu.ac.th.
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1. INTRODUCTION

Delayed onset muscle soreness (DOMS) due to exercise in-
duced muscle damage (EIMD) is a common problem among
elite and novice athletes as a result of excessive or unaccus-
tomed training.! The mechanism underlying DOMS re-
mains inconclusive, as the physiological events that cause
exercise-induced micro-tears in the muscle fibres and re-
sultant damage involves a combination of mechanical or
biochemical factors.? Researchers have identified several
causative factors of DOMS that include lactic acid accumu-
lation in muscle, muscle spasm, connective tissue damage,
inflammation, enzyme efflux, and free radicals.>* DOMS
describes the inflammatory response and oxidative stress in
a muscle which trigger the release of several chemical me-
diators that are responsible for pain, and local elevation of
inflammatory substances like histamine, prostaglandin and
leukotriene.! These inflammatory substances stimulate di-
rectly the sensation of pain by sensitizing type III and IV
pain afferents free nerve ending.’

DOMS is commonly characterized by muscle pain,
swelling, loss of muscle function that includes decreased
range of motion (ROM) and strength deficits.®* Symptoms
are usually first evident within 24 h post exercise, reaching
the peak occurrence between 24 h and 72 h, and gradu-
ally dissipating between 7 and 10 days.” Furthermore,
the muscle pain may be associated with decreased muscle
performance in the form of decreased rapid force capacity
and maximal muscle strength.* DOMS is usually cited by
coaches and athletes as being detrimental to recovery and
performance, the rapid reversion of DOMS in athletes is
essential for both function restoration and regain of sports
performance.%’ Therefore, several modalities of recovery
have been used to hasten the recovery period from DOMS
which include warm-up and cool-down,? soft tissue mas-
sage,’ stretching exercise,’ electrotherapy,!® thermothera-
py" and cryotherapy.”'? However, the efficacy of such in-
terventions on exercise induced muscle damage remains
equivocal.?

Cryotherapy is one of a standard care for acute inflam-
mation.'* Cryotherapy is proposed to decrease skin-tissue
temperature, reduce secondary hypoxic injury, and reduce
inflammation consequently decreases edema.'*!® However,
the effect of cryotherapy on recovery of DOMS remains
inconclusive.!?* There is still controversy over what con-
stitutes the optimal modality, frequency and duration of
cryotherapy application for DOMS.!? Available scientific
evidences from a meta-analysis and systematic review sug-
gest that no standard guidelines for a target temperature
for optimal therapeutic effects have been established.!’!8
However, the current practice based treatment guidelines
for acute tissue injury recommend intermittent cryothera-
py application several times a day for approximately 15-20
minutes throughout 72 h retrieval period after injury or un-
til the tendency for swelling has resolved.!® Previous stud-
ies which investigates the effect of cooling on symptoms
associated with DOMS conclude that cryotherapy has been

shown to reduce the signs and symptoms of DOMS."-22 On
the other hand, evidences from studies do not support any
effect on muscle recovery after cryotherapy.'>% Such
discrepancies in the effect may originate due to differences
in exercise protocol to induce DOMS, different cooling
applications, small sample size and lack of consistency in
dosage and frequency for the cryotherapy, which generally
consists of a single application, inadequate duration,'® all
of which may have contributed to lack of uncertain find-
ings for effectiveness.

A novel modality of cryotherapy is the air-pulsed cryo-
therapy, a treatment involving very short exposures to ex-
treme cold (-30°C) to treatment area, and it is getting pop-
ular among athletes and coaches.? Air-pulsed cryotherapy
involves repeatedly exposing very cold air on skin and the
sub-epidermal tissues to withdraw heat energy by convec-
tion from treatment area.”® The very cold air exposure is re-
ported to cause a greater decrease in skin temperature than
other cryotherapy technique.” To our knowledge, there is
no study that evaluated the effect of repeated air pulsed
cryotherapy on DOMS as per the clinical recommenda-
tions made by standard guidelines for cryotherapy appli-
cation.”® Therefore, the current study attempts to answer
the question about clinical effectiveness of the repeated air
pulsed cryotherapy treatment for DOMS. Such informa-
tion is useful for the clinicians in the field of sports medi-
cine, and rehabilitation as well as to the sports scientists,
athletes and coaches towards managing and training any
individuals with DOMS.

2. AIM

The main aim of the current study is to investigate the effect
of 20 minutes per day (4 session x 5 minutes) of air pulsed
cryotherapy application on DOMS induced on elbow flexor
muscle (biceps brachii) by eccentric exercise.

3. MATERIAL AND METHODS

3.1. Participants

A total of 32 volunteers (32 males), aged 18 to 25 years (21.31
+ 1.03 years, height 1.72 = 0.05 m, BMI 22.15 + 1.69 kg/cm?)
participated in the study. All participants were healthy volun-
teers who were recruited from campus and community set-
tings around the university. Any volunteer with history of
alcohol consumption and with reported contraindications
to cryotherapy treatment were excluded from the study. The
inclusion criteria required the participants with no history of
musculoskeletal and neurological disorders of upper limb, no
recent injuries to upper limb over the last 12 months and with
no history of any form of resistance training to upper limb
over the last 3 months of time period. The participants were
randomly assigned into one of the two groups namely repeat-
ed air pulsed cryotherapy intervention (CRYO group, n = 16)
and control group (CONT, n = 16). The ethical approval of
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the study was granted by an institutional ethics committee
and all the participants signed a written informed consent
form prior to the start of the study.

3.2. Eccentric exercise induction protocol

The eccentric exercise of elbow flexor muscle was performed
using isokinetic dynamometer (Con-Trex CMV AG, Duben-
dorf, Switzerland). Prior to the exercise performance, the
machine was calibrated as per the recommendations of the
manufacturer. Each participants performed a bout of 3 sets
of 20 maximal eccentric contractions of elbow flexors of the
nondominant arm. For each eccentric contraction, the elbow
joint was forcibly extended from a flexed (60°) to a fully ex-
tended position (180°) in 1 s at an angular velocity of 120°/s
in a supinated arm position and the arm was passively reposi-
tioned at 60° (at rate of 30° deg/s). The subjects were verbally
encouraged to generate maximal force against resistance from
flexed position towards extension during the elbow extend-
ing action throughout range of motion, with a 3 minutes rest
allowed in between each set.”

3.3. Intervention protocol

Air pulsed cryotherapy was administered to all the partici-
pants in the CRYO group by a trained research assistant,
who used a Cryo® skin cooling system (Zimmer Medizin
Systems, Neu-Ulm, Germany). All the participants in the
CRYO group received 4 repeated applications of cryo-
therapy each session lasting for a duration of 5 minutes. A
rest period of 1 minute was given between each sessions to
avoid any cold burns due to extreme cold.? The cold pulsed
air was applied 2 cm above the distal tendon of biceps bra-
chii to the nondominant arm with a maximal available air
flow intensity of 9 over a 4 x 10 cm area. The scanning of
the cold air was performed through vertical and horizontal
motions with a 5-cm distance kept between the tube nozzle
and skin. An infrared thermometer (DT —480, China) was
used to confirm skin temperature during cryotherapy treat-
ments for a sufficient effect of cold therapy (5°C-15°C).%
The CONT group participants were rested in supine posi-
tion without cryotherapy treatment and were given general
advice to take rest and not to carry any heavy weight. All of
the participants were requested to avoid any kind of vigor-
ous physical activity.

3.4. Data collection

A total of eight separate outcome measures which include
visual analogue scale score (VAS), mid arm circumference
(MACQ), pressure pain threshold (PPT), range of motion of ac-
tive elbow flexion (ROM-AF), passive elbow flexion (ROM-
PF), active elbow extension (ROM-AE), passive elbow exten-
sion (ROM-PE) and isometric peak torque (IPT) of elbow
flexors were measured in random order. All the outcome
measures were evaluated repeatedly over 7 different points
at baseline (PRE) taken prior to the eccentric exercise in-
duction of DOMS, immediately (Imm), and on 1, 2, 3, 4, and
7 day (1D, 2D, 3D, 4D, and 7D) respectively.

3.5. Visual analogue scale

The pain intensity perceived by the participants was as-
sessed using a VAS score. The VAS consists of a 10-cm line
labelled with 0 at the left endpoint representing no pain and
10 at the right endpoint representing unbearable pain. The
subjects were asked to mark the level of perceived pain on
VAS as the participants stood in an upright position, flexed
their forearm slowly to a 90° angle and returned to the initial
position of full elbow extension.?

3.6. Pressure pain threshold

PPT was assessed to measure peripheral sensitization us-
ing a digital pressure algometer (Somedic AB, Sollentuna,
Sweden) with a probe size of 1.0 cm?. After calibration with
a 100 kPa calibrating weight, the probe was placed perpen-
dicularly over the mid-belly of the biceps muscle and force
was gradually applied at a rate of 40 kPa/s. The participants
pressed a button when they started to feel pain as a result of
applied pressure. This protocol was performed three times
with 30 s interval between measurements and an average
value (in kPa) of the three measures was used for further
analysis.®® The point of measurement at the skin was
marked with a semipermanent marker for the consistency
of the subsequent measurements.

3.7. Mid arm circumference

An anthropometric tape measure was used to measure the
elbow flexors circumference at the level of mid-belly of
the biceps brachii muscle.?! The skin was marked with a
semipermanent marker to maintain consistency of meas-
urement for the subsequent days. The measurements were
taken while the participant was in the sitting position with
arm relaxed and hanging by the side. An average of the
three measures was recorded in centimetres for further
analysis with a 30 s of interval between each measurement.

3.8. Range of motion

A standard goniometer was used to measure the total ROM
for the elbow joint with active ROM (AROM) assessed be-
fore passive ROM (PROM) and flexion measured before
extension. All measurements were taken in the supine posi-
tion. The measurement procedure was standardized for both
measurements with the fulcrum of the goniometer centred
over the lateral epicondyle of the humerus and the stationary
arm was placed parallel to the humerus pointing towards the
acromion process. The moving arm was parallel to the radius
pointing to the styloid process of the radius. The active flex-
ion angle was defined as the angle at the elbow when partici-
pant performed flexion movement at the elbow joint to touch
the shoulder with the palm and the active extension angle
was the angle when participants extended the elbow joint as
much as possible. The pain-free AROM was determined by
instructing participant to stop at the position where the ini-
tial pain was perceived. For the PROM, the participant was
then instructed to relax the arm and the movement was per-
formed by the investigator.’! The participant notified the in-
vestigator when he first perceived pain. Three measurements
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were taken for each angle with a 30 s of interval between each
measures. The average of the three measures was recorded in
degree for further analysis

3.9. Isometric peak torque

IPT measurement of the elbow flexors was carried out at a
joint angle of 90° using an isokinetic dynamometer (Con-
Trex CMV AG, Dubendorf, Switzerland). The participants
were instructed to pull the forearm towards the shoulder to
induce elbow flexion and to sustain the maximal effort for
5 s at a fixed elbow angle. A total of three measurements
were taken with 30 s of interval between each measures.?
An average value of torque from the three measures was re-
corded in Newton meters (Nm) for further analysis.

3.10. Statistical analysis

A sample size calculation was estimated from a previous
study with DOMS as the primary clinical outcome at a power
at 0.80 and an effect size of 0.46. Data were analysed using the

SPSS 22.0 for Windows Statistical Package (SPSS Inc, Chi-
cago, IL). All variables were tested for normality using the
Shapiro—Wilk test. Changes in variables over time were com-
pared between groups using a mixed model repeated meas-
ures ANOVA (group X time) on normalized data. Bonferroni
test analysis was followed up to detect differences in the main
effect. The Greenhouse-Geisser epsilon was used to adjust
the degrees of freedom to increase the critical value of the F
ratio. Level of significance was set at P <0.05 for all analyses.

4. RESULTS

There was no significant difference in the mean age, weight
and BMI between groups, except height. The changes in ab-
solute values (mean = SD) for the outcome measures at pre-
exercise (Pre), immediately (Imm) and days 1 to 7 (1D-7D)
post exercise for the groups (CRYO, n = 16) and control
(CONT, n = 16) are presented in Table 1.

Table 1. Changes in outcome measures from pre exercise (Baseline), immediately (Imm) and days 1 to 7 (1D-7D) for the
cryotherapy (CRYO, n = 16) and control (CONT, n = 16) groups.

Measures Pre Imm 1D 2D 3D 4D 7D
VAS, cm

CONT 0 0.012 = 0.05 3.47 £ 0.74* 4.47 + 0.96* 4.51 = 1.42a 291 = 1.14* 0.51 = 0.46*

CRYO 0 0.018 = 0.07 2.57 + 0.35% 3.20 = 0.76* 2.26 + 0.93%> 0.41 = 0.40° 0.06 = 0.12°

Mean diff (95%CI) 0 0 (=0.05-0.04) | 0.9 (-0.48-1.32)| 1.27(-0.64-1.90)| 2.25(-1.38-3.11)| 2.50(-1.9-3.08) | 0.45(-0.64-0.2)
PPT, kPa

CONT 339.19 = 56.8 | 287.69 + 52.99%| 243.02 + 46.17*| 251.48 = 57.07%| 279.09 + 55.49%| 304.38 + 48.81*| 336.00 + 59.42

CRYO 330.7 = 39.52 | 282.56 + 49.25%| 258.92 + 35.27*| 278.52 + 41.98>" 310.0 + 45.68*"| 330.25 + 41.35"| 338.19 + 40.40

Mean diff (95%CI) 8.48 5.13 15.90 27.04 30.85 25.87 2.18

(-27.04-44.00) | (-31.81-42.07) | (—45.65-13.85) | (-63.35-9.27) | (-67.57-5.90) | (-58.57-6.83) | (-39.08-34.70)

MAC, cm

CONT 29.21+ 3.552 29.41(3.56) 29.64 + 3.64* 29.81 + 3.77* 29.84 + 3.79* 29.48 + 3.63* 29.25 + 3.58

CRYO 28.26 = 2.40 28.38(2.37) 28.50 = 2.41*> | 28.49 + 2.44»> 28.36 =+ 2.41° 28.29 + 2.41° 28.27 + 2.39

Mean diff (95%CI) 0.95(-1.2-3.1) | 1.02(-1.1-3.2) 1.1(-1.1-3.3) 1.3(-0.9-3.6) 1.49(-0.8-3.7) | 1.18(-1.0-3.4) | 0.98(-1.2-3.2)
ROM-AE °

CONT 145.94 + 3.05 | 143.27 = 3.75* | 134.0 = 4.48 | 131.71 = 6.51* | 134.19 = 5.59* | 139.08 + 3.80* | 145.92 = 2.73

CRYO 146.79 + 3.44 | 143.79 + 4.26* | 13541 +5.12* | 134.64 = 5.34* | 138.17 = 4.95* | 141.19 + 3.53* | 147.15 = 3.30

Mean diff (95%CI) 0.8 (-3.2-1.5) | 0.52(-3.4-2.4) | -1.42(-4.9-2.0) | —2.93(-7.2-1.4) | -3.9(-7.8-0.16) | —2.1(-4.7-0.54) | —1.2(-3.4-0.96)
ROM-AE, °

CONT -2.08 + 4.53 9.75 + 6.81* 32.39 + 8.00* S51.35 = 7.44* | 35.44 +10.38* | 18.21 = 7.77* 1.814 = .36

CRYO -2.66 = 5.20 8.00 = 9.14* 23.13 = 8.30%* | 28.95 +9.03** | 15.40 + 6.10*" 2.41 + 6.78* -2.44 = 4.97

Mean diff (95%CI) 0.6(-2.9-4.1) 1.75(-4.1-7.6) | 9.3(3.4-15.1) |22.39(16.4-28.4)| 20.04(13.8-26.2) | 15.8(10.5-21.1)| 4.25 (-0.8-7.6)
ROM-PE °

CONT 147.90 + 3.12 | 144.46 = 4.06* | 136.57 = 4.01* | 133.56 = 4.12* | 135.55 + 4.37* | 141.81 = 2.85* | 147.91 = 291

CRYO 148.62 + 2.80 | 145.42 + 3.21* | 142.81 = 3.47**| 142.39 + 3.08*"| 145.79 = 3.50° | 147.71 + 3.35* | 148.79 = 3.20

Mean diff (95%CI) 0.7(-2.8-1.4) | 0.96(-3.6-1.7) | 6.24 (-8.9-3.5) | 8.83(-11.4-6.2) | 10.25(-13.1-7.4)[ 5.90(-8.1-3.6) | 0.88(-3.1-1.3)
ROM-PE, °

CONT -2.96 + 4.97 4.39 + 6.19* 17.71 = 6.81* 27.13 = 8.77* | 25.73 £ 11.73* 8.94 + 7.03* —2.64(4.99)

CRYO -3.60 = 3.92 342 + 8.20° 9.51 +£9.64* | 13.84 = 11.33**| 6.73 + 7.04>> —3.25 + 4.29° -3.64(3.89)

Mean diff (95%CI) | 0.6(-2.6-3.9) | 0.9(-4.3-6.2) | 82(2.14-142) | 13.3(5.9-20.6) | 19(11.9-26.0) | 12.2(7.9-16.4) | 1(-2.2-4.2)
IPT, Nm

CONT 42.82 +9.77 33.02 + 5.86* 29.63 + 5.44* 30.97 = 5.21* 32.74 + 5.82* 3542 + 6.18° 38.12 + 8.32*

CRYO 39.78 + 6.58 30.875 + .60? 28.72 + 5.39* 30.66 + 5.34* 32.44 + 5.81* 35.11 £ 5.74* 36.75 + 6.12°

Mean diff (95%CI) 3.0 (-3-9) 2.1(-1.9-6.3) 3.0(-3-9) 0.9(-1.9-6.2) | 0.64(-2.9-4.8) | 0.87(-3.5-4.1) | 0.88(-3.9-4.6)

Comments: No significant differences between groups at the baseline; values are mean + SD, ? Significant compared with PRE,
b Significant compared with CONT.
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Figure 1a. Changes of VAS: PRE, Imm, and 1D-7D post
exercise for the CRYO and CONT groups. Comments:
Values are the mean * SD. * Significant compared with
PRE (P < 0.05), # Significant between groups (P < 0.05).

Figure 1b. Normalized changes in MAC: PRE, Imm, and
1D-7D post exercise for the CRYO and CONT groups.
Comments: * Significant compared with PRE (P < 0.05),
# Significant between groups (P < 0.05).

Figure 1c. Normalized changes in PPT: PPRE, Imm, and
1D-7D post exercise for the CRYO and CONT groups.
Comments: * Significant compared with PRE (P < 0.05),
# Significant between groups (P < 0.05).

Figure 2a. Changes in ROM-AE: PRE, Imm, and 1D-7D
post exercise for the CRYO and CONT groups. Com-
ments: * Significant compared with PRE (P < 0.05),
# Significant between groups (P < 0.05).

Figure 2b. Changes in ROM-PE: PRE, Imm, and 1D-7D
post exercise for the CRYO and CONT groups. Com-
ments: * Significant compared with PRE (P < 0.05),
# Significant between groups (P < 0.05).

Figure 2c. Changes in ROM-PF: PRE, Imm, and 1D-7D
post exercise for the CRYO and CONT groups. Comments:
* Significant compared with PRE (P < 0.05), # Significant
between groups (P < 0.05).
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4.1 Pain intensity

The results showed a significant main effect of time for VAS
(changes within the participants between baseline and repeat-
ed measures) with (F ,, ., = 332.62, P =0.001, n? = 0.91)
and significant main effect of condition (changes between
CRYO and CONT group) with (F ) = 38.18, P = 0.001,
n? = 0.56). A significant main effect on interaction between
time and conditions (within and between differences across
the time of measures between the groups) was also observed
with (F g o, = 29.62, P = 0.001, n* = 0.49). DOMS peaked
4.51+1.42 for CONT group at 3D and 3.20+0.76 for CRYO
group at 2D (Figure 1b) The effect size was larger for all the
significant effects which ranged n? = 0.49-0.91).

4.2. Pain pressure threshold

A significant main effect of time on PPT was observed in
both groups (F, ¢ ., = 113.91, P = 0.001, 1? = 0.80). Simi-
larly, the main group effect was also significant between
groups (F, ) = 23.43, P = 0.002, n? =043)on 1D (P =
0.007), 2D (P = 0.002), 3D (P = 0.001), and 4D (P = 0.001)
respectively. PPT returned to PRE for CRYO group at 4D
compared with 7D for CONT return to PRE levels (Figure
1b). ANOVA revealed a significant group x time interaction
(F = 6.40, P < 0.003, 1> = 0.18) with a larger effect size.

3.18,95.56

4.3. Mid arm circumference

The results showed a significant main effect of time in both
groups (F, ; o, , = 32.23, P = 0.001, 2= 0.52) and a signifi-
cant main effect between groups (F, 5 = 18.48, P = 0.001,
n? = 0.38). The main effect of interaction (group x time) was
also significant (Fi08.9260 = 10.59, P = 0.001, n? = 0.26). All
the observed changes are clinically significant with large ef-
fect size (n? = 0.26-0.52). Figure 1c shows the main effect of
interaction where MAC return to PRE values for the CRYO
group at 3D compared with CONT at 7D.

4.4. Active range of motion

There was a significant main effect of time on ROM-AF in
both groups (FZ'IM‘"35 = 204.62, P = 0.001, > = 0.87), how-
ever no significant effect was established between groups and
interaction of group x time (P > 0.05). For ROM-AE, there
was a significant main effect of time (Fiss 10605 = 20248, P
< 0.001, n? = 0.87) and group (F, , = 24.47, P = 0.001, 1?
= 0.48) with a significant interaction effect of group x time
(Fy 55 10603 = 16.16, P = 0.001, n* = 0.35). CRYO group dem-
onstrated significant lower deficit in ROM-AE than CONT
group at 2D (P = 0.015), 3D (P = 0.001), 4D (P = 0.001),
and 5D (P = 0.001) as indicated in Figure 2a.

4.5. Passive range of motion

For ROM-PFE, a significant effect of time (F,,, ,,,, = 134.20,
P =0.001, n* = 0.82), group (F, ,, = 66.24, P = 0.001, n’
= 0.48) and main interaction of group X time (Fypp o031 =
31.29, P = 0.001, n? = 0.51) was observed respectively with
larger effect size. The CRYO group demonstrated a signifi-
cantly lower deficit in ROM-PF than CONT group on 1D
to 4D post-exercise (P = 0.001) (Figure 2b). Similar results

of significance were obtained for ROM-PE on time effect
(F,5 611 = 7866, P < 0.001, n* = 0.72), group effect (F, 4
= 16.43, P = 0.001, n? = 0.35) and interaction of group x
time (Fm’ e = 11.49, P < 0.001, n* = 0.27). CRYO group
demonstrated a significantly lower deficit in ROM-PE than
CONT group on 1D (P = 0.026), 2D (P = 0.001), 3D (P =
0.001) and 4D post-exercise (I = 0.001) (Figure 2b).

4.6. Isometric peak torque

The results showed a significant main effect of time in both
groups (F4.26,156.66 = 282.19, P = 0.001, n?> = 0.90), and a sig-
nificant time X group interaction effect (F, ,; ,,,,, = 2.79, P
= 0.026). However, there was no significant effect observed
between groups (P = 0.084, n? = 0.09). Table 1 shows that

the IPT remained lower than the PRE value after 7D.

5. DISCUSSION

The study results demonstrated that repeated air pulse
cryotherapy significantly enhanced the recovery process of
DOMS following eccentric exercise to a greater extent than
the CONT group. Past studies suggested that the muscle
needs to be eccentrically engaged to optimal and adequate
intensity of muscle work in order to create a DOMS phe-
nomenon before any effect on DOMS to be investigated.?**
In current study, an eccentric exercise protocol successfully
induced DOMS which had been confirmed by significant
changes in all dependent variables over time (Table 1). The
pattern of changes observed in dependent variables after
DOMS by eccentric exercise were similar to the trend re-
ported in previous studies.?>*

In current study, muscle soreness peaked at 2D-3D post
exercise which is consistent with previous studies.?\?3243
The CRYO group had significantly reduced VAS rating than
CONT groups at 1D to 7D (P < 0.001). While the change in
VAS rating in CRYO group from 4D to 5D (2.26+0.93 cm to
0.41+40.40 cm) was superior to minimally clinical important
difference (1.7 to 2.0 cm),** the muscle soreness returned to
PRE level for the CRYO group at 4D compared with 7D for
the CONT (Table 1, Figure 1a). Therefore, it can be sug-
gested that air pulsed cryotherapy might effectively relieves
pain after 24 h of application. Our result was similar to In-
gram et al.? who reported a significant reduction in sore-
ness of quadriceps muscle among participants at 24 h with
two S-minutes immersions in 10°C water. Similarly, Oakley
et al.”® also found a significant pain reduction of hamstring
muscle with 20 minutes of cold application three times a
day throughout 72 h post exercise. In contrast, numerous
cryotherapy studies had no significant change in muscle
soreness.?3435-37

The CRYO group had a significant increase of PPT value
at 2D, 3D and 4D and return to PRE level at 4D (Table 1,
Figure 1c) suggested that air pulsed cryotherapy was more ef-
fective than CONT group in mechanical pain reduction. The
course of change in PPT observed over time was similar to
previous studies®>* where PPT showed a largest decline 24 h
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after DOMS following eccentric exercise. These results sug-
gested that air pulsed cryotherapy reduced pain and increased
PPT contributed by rapid reduction in skin temperature.
As low skin temperature is shown to induce a local analge-
sic effect (<13.6°C) and reduced nerve conduction velocity
(<12.5°C),” it might explain the mechanism on how repeated
air pulsed cryotherapy reduced pain and increased PPT. In
current study, S minutes air pulsed cryotherapy (-30°C) re-
duced the skin temperature to 7.44+1.32°C which was more
cooler than a previous study? (9.£0.8°C) during 20 minutes
application and the temperature remained lower than 18°C
among the participants for at least for 10 minutes even after
cooling application.

The CRYO group had a significant relief in swelling as
measured by MAC after 1D-4D compared to the CONT
group and MAC returned to PRE level at 3D (Table 1, Fig-
ure 1b). The findings were similar to Eston and Peter who
reported that cold water immersion (every 12 h for a total
of 7 sessions) following eccentric biceps exercise showed a
significant reduction in stiffness and swelling.?! In contrast,
few other studies®? demonstrated that cryotherapy did not
significantly affect swelling which could be explained due
to differences in protocols such as modality of cryotherapy,
duration of treatment and lack of continuation of treatment
associated with DOMS. Therefore, the repeated air pulsed
cryotherapy protocol used in current study carefully consid-
ered the above differences together with clinical recommen-
dations by increasing the treatment time to 20 minutes with
increased frequency of treatment application.

The decreases in ROM-AE ROM-PE ROM-AE and
ROM-PE following DOMS induced by eccentric exercise
might be as a result of muscle stiffness. The stiffness might
occur due to connective tissue damage, tissue edema which
increased mechanical sensitivity of muscle receptors to dis-
comfort as activated by pressure or stretching.»* As a result
of DOMS, ROM-AE and ROM-PE might cause more pain
particularly due to eccentric action of the damaged elbow
flexor muscle which might lead to reduced movements.
Nevertheless, ROM-AE and ROM-PE in CRYO group
showed significantly lesser reduction than CONT group
which could be attributed to positive effect of repeated air
pulsed cryotherapy application. The significant reduction of
ROM-PF in CRYO group was lesser than the CONT group.
Therefore, it was possible that air pulsed cryotherapy could
accelerate the recovery in ROM-PEF, ROM-AE and ROM-PE
by reducing pain, inflammatory process and muscle tight-
ness. However, no significant change in ROM-AF between
groups was observed. Past study suggested that cold applica-
tion might increase local blood viscosity and tissue stiffness
interrupting active exercise’> which might explain why no
change in the ROM-AF occurred.

The current study showed a large decline (approxi-
mately 31%) in strength of elbow flexors in 1D post exer-
cise DOMS and the strength remained below the baseline
even at day 7. The possible explanations for loss of muscle
strength may include rupture of the myofibril, sarcolemma,
t-tubules and consequent failure of action potential conduc-

tion and excitation-contraction coupling, which may have
resulted to an inability to generate force.® In our study, IPT
had no significant difference between groups. The pattern
of strength loss and recovery observed in current study is
similar to Guilhem et al.? who reported that maximal iso-
metric torque of elbow flexors strength decreased by 33% in
24 h after exercise and the eccentric exercise protocol used
were similar to the present study (3 x 20 eccentric contrac-
tions). Therefore, it might be argued that repeated air pres-
sured cryotherapy did not have any effect on the muscle
strength. To our knowledge, no studies showed significant
improvement in strength of elbow flexors after eccentric ex-
ercise from cryotherapy.?*36#

There are few limitations present in the study. The study
considered only healthy male participants and hence, the
external validity of the study findings may not be appli-
cable to other groups of population (e.g., females, elderly
individuals, clinical population). As gender is reported to
affect the pain outcome measures, the researchers recruited
only the male participants. No measurement of subcutane-
ous fat tissue was considered which could be another limi-
tation as presence of sub cutaneous fat might act as an in-
sulator and inhibit effects on tissue cooling. Nevertheless,
BMI data showed that the participants did not have obesity
which might minimize the effects of sub cutaneous tissue
to cooling effects. Further research should focus on testing
the study findings in other populations involving different
muscle groups before applying the positive effects of the
study to day to day clinical practice. Applications of cold
for short period (<10 minutes) are reported to be ineffective
in DOMS recovery* and hence, a duration of 20 minutes
was considered as optimal duration for repeated air pulsed
cryotherapy application.

6. CONCLUSIONS

A 20 minutes (4 session x 5 minutes) session for 5 consecu-
tive days of repeated air pulsed cryotherapy has beneficial
effects on the recovery of DOMS on elbow flexors following
eccentric exercise. Future studies are required to investigate
the effects of repeated air pulsed cryotherapy in multiple
muscle groups among athletes.
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