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ABSTRACT

The present study investigated the effects of a far-infrared radiation (FIR) lamp therapy on changes
in muscle damage and proprioception markers after maximal eccentric exercise of the elbow
flexors (EF: Study 1) and the knee flexors (KF: Study 2) in comparison to a sham treatment
condition. In each study, 24 healthy sedentary women were assigned to a FIR or a sham
treatment group (n = 12/group). They performed 72 maximal EF eccentric contractions (Study 1)
or 100 maximal KF eccentric contractions (Study 2) with their non-dominant limbs. They
received a 30-min FIR (wavelength: 8-14 um) or sham treatment at 1, 25, 49, 73 and 97 h post-
exercise to the exercised muscles. Maximum voluntary isometric contraction (MVC) torque,
muscle soreness, plasma creatine kinase activity, and proprioception assessed by position sense,
joint reaction angle, and force match were measured before, and 0.5, 24, 48, 72, 96 and 120 h
post-exercise. The outcome measures showed significant changes (P < 0.05) at 0.5-hour post-
exercise (before treatment) similarly (P> 0.05) between the conditions in both studies. However,
changes in all measures at 24-120 h post-exercise were smaller (P < 0.05) for the FIR than sham
condition in both studies. For example, MVC torque returned to the baseline by 72 h post-
exercise for the FIR condition in both studies, but was still 19 £ 6% (Study 1) or 17 £ 12% (Study
2) lower than the baseline at 120 h post-exercise for the sham condition. These results
suggested that the FIR lamp therapy was effective for accelerating recovery from muscle damage.

Highlights

o FIR lamp therapy was effective for recovering muscle strength and proprioception 1-3 days
faster to the baseline.

e FIR lamp therapy was effective for attenuating muscle soreness by 55-60%, and reducing peak
plasma CK activity by 45-89%.

o The effects of the FIR lamp therapy appear to be greater than other therapeutic interventions for
eccentric exercise-induced muscle damage that have been investigated previously.

Introduction A L
to minimise muscle damage and eliminate the symp-

Unaccustomed eccentric exercise induces muscle toms as early as possible, since they have negative

damage that is represented by a prolonged loss of
muscle function, delayed onset muscle soreness
(DOMS), and increases in plasma creatine kinase (CK)
activity (Chen, Huang et al., 2020). It also impairs proprio-
ception such as position sense (PS) and force match
(FM), probably due to its effects on muscle spindles
and tendon organs (Brockett et al., 1997; Paschalis
et al,, 2010). These symptoms of muscle damage could
last for several days post-exercise, although the time
taken to a full recovery is depending on the severity of
the muscle damage (Hyldahl et al., 2017). It is important

effects on daily activities, the ability to perform sub-
sequent exercise bouts, adherence to regular exercise,
and athletic performance (Byrne et al., 2004).

To facilitate recovery from eccentric exercise-induced
muscle damage (EIMD), a variety of therapeutic treat-
ments including medications such as nonsteroidal anti-
inflammatory drugs, nutritional supplements (Howatson
& van Someren, 2008), and physical therapies with heat,
cold, electricity, ultrasound, vibration, or radiation
(Abaidia et al., 2017; Fritsch et al, 2016; Kim et al.,
2020; Lau & Nosaka, 2011) are often used. Among
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physical therapies, a local heat therapy (Kim et al., 2020),
cold-water immersion (Abaidia et al., 2017), light-emit-
ting diode therapy (Chang et al., 2021), low-level laser
therapy (Fritsch et al., 2016), near-infrared light therapy
(Larkin-Kaiser et al., 2015), and vibration treatment (Lau
& Nosaka, 2011) have been shown to have some
effects on DOMS and other muscle damage markers.
However, the magnitude of the effects found in these
studies do not appear to be large in terms of the phys-
iological benefits such that peak DOMS was attenuated
by less than 10%. Other studies did not find significant
effects of similar interventions and other modalities
(e.g. electrical stimulation) on DOMS or other muscle
damage markers (Allen et al., 1999; Hasson et al., 1992;
Stay et al., 1998). Therefore, a more effective intervention
to facilitate muscle damage recovery, if any, is useful.

Far-infrared radiation (FIR) therapy is in the category
of phototherapy in which a wavelength of 3-1000 um
is used, and the best wavelength for human body is
documented to be 8-14 um to increase cell growth
and development (Vatansever & Hamblin, 2012). FIR
therapy has been reported to enhance skin wound
healing (Toyokawa et al., 2003), increase blood nitric
oxide concentration (Yu et al., 2006), provide anti-inflam-
matory effects (Leung et al, 2012), relieve pain and
muscle stiffness (Lai et al., 2014), and increase peripheral
microcirculation (Leung et al., 2011). Comparing to other
thermal modalities, a FIR can penetrate to tissue deeper
(approximately 4 cm from the skin), and is safe, simple,
noninvasive, and painless (Leung, 2015; Vatansever &
Hamblin, 2012). Thus, a FIR therapy may be effective
for facilitating recovery from EIMD. However, to the
best of our knowledge, only two studies (Hsieh et al.,
2022; Nunes et al., 2019) have examined the effect of
FIR therapy on EIMD.

In the study by Nunes et al. (2019), the participants
(physically active men) wore a FIR emitting ceramic
material pants for 2 h at immediately, 24, 48 and 72 h
after 3 sets of 30 maximal isokinetic (60°/s) eccentric
contractions (MaxEC) of the unilateral knee extensors
(KE). The results showed no significant difference
between the FIR and sham interventions for changes
in muscle function, DOMS, plasma CK and lactate dehy-
drogenase activities. However, the magnitude of muscle
damage induced by the exercise appeared to be minor
as indicated by a small increase in plasma CK activity
(peak: ~300 IU/L). Paulsen et al. (2012) stated that
post-exercise peak CK activity represents the magnitude
of muscle damage such that <1000 IU/L indicates mild
damage, and >10,000 IU/L indicates severe muscle
damage. In order to investigate the treatment effects
on EIMD, its magnitude of muscle damage is better to
be more than mild. It is also possible that wearing FIR

pants for 2 h was not the best way to produce significant
effects of FIR on outcome measures. Thus, the effects of
a FIR therapy on muscle damage could be better inves-
tigated using a different muscle damage model that
could induce larger changes in indirect muscle
damage markers such as muscle function, DOMS, and
plasma CK activity, and using a FIR lamp therapy that
could provide stronger irradiation intensity to the
target muscles. Hsieh et al. (2022) recently reported
that a 30-minute daily FIR lamp therapy targeting on
KE and knee flexors (KF) reduced muscle damage and
enhanced recovery from performing six consecutive
soccer simulated matches by elite female soccer
players when compared to a sham FIR therapy.
However, the findings of the study should be
confirmed by a laboratory study in which the magnitude
of muscle damage is better controlled.

Therefore, the present study tested the hypothesis
that a daily FIR lamp therapy after MaxEC of the elbow
flexors (EF) and the KF would enhance the recovery of
muscle function and proprioception, reduce DOMS,
and attenuate increases in plasma CK activity, when
compared with a sham treatment condition. The two
different muscle groups were investigated in the
present study in the assumption that the effects of the
FIR therapy might be different between arm and leg
muscles, because their muscle volumes are different,
and it was possible that the magnitude of muscle
damage would be different between the EF and KF
(Chen et al., 2011). Moreover, hamstring muscle strains
are the most frequent sporting injuries, particularly in
sports that involve sprinting and kicking a ball (Kujala
et al., 1997). Thus, the EIMD of the KF could be used as
a model to predict the efficacy of a FIR lamp therapy
on hamstring strains.

Materials and methods
Participants and study design

The effects of a FIR therapy on muscle damage induced
by MaxEC of the EF (Study 1) and the KF (Study 2) were
investigated using different participants (12 participants
for each study). In both studies, changes in indirect
muscle damage markers following a bout of MaxEC
were compared between the FIR and sham treatment
groups. The present study recruited female participants
only to reduce variability in responses to eccentric exer-
cises, since sex differences could exist (Davies et al.,
2018; Sayers & Clarkson, 2001), and we had better
access to sedentary female than male participants.

The sample size estimation of each study was based on
our pilot study that compared the FIR and sham



conditions using 6 participants, respectively. Based on the
result showing that the extent of decrease in maximal iso-
metric contraction (MVC) torque of the KF was 23.0+
73% for a FIR group and 33.3%10.3% for a sham
group, the effect size (d) was 1.2 (large). Using the
effect size, with a level of 0.05 and B level of 0.2, it was
shown that a minimum of 10 participants per group
were necessary (G*Power 3.1.9.2, Heinrich-Heine-Universi-
tat Dusseldorf, Dusseldorf, Germany). Considering poss-
ible dropouts and estimation error, 24 young sedentary
healthy women were recruited for each study. They
were placed into a FIR or a sham treatment group (n=
12/group) by stratifying their pre-exercise average MVC
torque to be similar between the groups based on the
same method using the studies of previous studies
(Chen et al., 2011; Chen, Huang et al., 2020).

Their physical characteristics were age: 220+ 1.5 y,
height: 161.9+3.8 cm, body mass: 57.8 + 5.2 kg, body
mass index: 22.0 + 1.5 kg/m? in Study 1, and 20.9+0.8
y, 162.9+54cm, 53.7+6.3 kg, and 20.3+2.7 kg/m?,
respectively in Study 2. The studies were approved by
the University Research Ethics Committee where the
studies were performed, and each participant gave an
informed consent before participation in the study.
The participants were asked and reminded to refrain
from unaccustomed exercises and/or vigorous physical
activities, maintain their normal dietary habits and not
to take any anti-inflammatory drugs or nutritional sup-
plements during the experimental period. The study
was conducted in conformity with the policy statement
regarding the use of human participants by the Declara-
tion of Helsinki.

Familiarisation session

A familiarisation session was held 3 days before the
MaxEC, in which the participants experienced the
measurements of muscle soreness, PS and joint reaction
angle (JRA), MVC torque and FM measures in this order.
The investigator demonstrated the exercise, but no
MaxEC were performed by the participants.

Eccentric exercises

The protocols to induce muscle damage to the EF (Study
1) and KF (Study 2) were adopted and modified from the
previous studies (Franklin et al., 1993; Lauritzen et al,,
2009). The use of the larger number of contractions for
the KF (n=100) than EF (n=72) was to induce a
similar level of muscle damage to both muscles, since
it has been reported that the same number of MaxEC
(n=30) induced less damage for the KF than the EF
(Chen et al., 2011).
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In Study 1, the participants performed 12 sets of six
MaxEC (30°/s) of the non-dominant EF on an isokinetic
dynamometer (Biodex System S4, Biodex Medical
Systems, Shirley, NY) from an elbow flexed (90°) to an
elbow fully extended position (0°). Each contraction
lasted for 3 s and was repeated every 10 s during
which the isokinetic dynamometer passively returned
the elbow joint to the flexed position at the velocity of
9°/s, with a 2-minute rest between sets. The mean
torque of each set was obtained and used for sub-
sequent analysis, and the total work (TW) was also calcu-
lated as the sum of the work of 72 MaxEC. In Study 2, the
participants performed 10 sets of 10 MaxEC (30°/s) of the
KF from 90° knee flexion to a full knee extension using
their non-dominant (not used for kicking a ball) legs.
The contraction time and the rest between contractions
and sets were the same as those of Study 1.

FIR and sham treatments

In the FIR treatment, a commercially available “FIR lamp”
(EQ-A718 ITU Far-Infrared Therapy Unit; Chen Yeh Tech-
nology Health Co, Ltd., Taichung, Taiwan) was used. The
FIR lamp is made of a solid ceramic (size: 139.4 X 139.4 x
9.5 mm) and radiate the light of wavelength: 8-14 um
(emissivity: 0.96; power output: 280 W + 10%; power
density: 1.71 W/cm?; energy density: 3078 J/cm?). The
participants received a 30-minute FIR lamp therapy to
the surface of the EF (Study 1) and KF (Study 2). The
cumulative dose per session was 1,006,414 J for the EF
and 2,203,694 J for the KF, because two lamps were
used for the KF (Figure 1) and the surface of the KF
(average: 716 cm?) was lager than the EF (average:
327 cm?). The sham treatment was done by the same
device without the radiation for 30 min. Each participant
sat on a chair with her exercised arm being placed on a
table in a relaxed position in Study 1 (Figure 1(A)). In
Study 2, two FIR lamps were used to cover a larger
muscle (the KF) than the EF, and each participant was
in a lay prone position, and her exercised leg was
placed on a message table in a relaxed position
(Figure 1(B)). In both studies, the FIR lamp was aligned
with the belly of the exercised muscle, and the distance
between the lamp and surface of the muscle was
approximately 20 cm based on the recommendation
from the company (Figure 1). The FIR and sham treat-
ments were applied at 1, 25, 49, 73 and 97 h after
MaxEC. In order to eliminate potential psychological
effects, each participant wore an eye mask and a head-
phone with music of her choice (Figure 1) to prevent
any speculation for the treatment (FIR or sham). The
same physical therapist carried out the FIR and sham
treatments, and this was the only person who knew
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Figure 1. Far-infrared radiation (FIR) therapy set-up for the elbow flexors (A) and knee extensors (B). One FIR lamp was used for the
elbow flexors, but two FIR lamps were used for the knee flexors in the treatment for 30 min a session. A photo release form was

obtained from the persons in the photos.

the condition of the treatment (FIR, sham) of each par-
ticipant during the data collection period.

Dependent variables

The dependent variables included MVC torque, muscle
soreness assessed by a visual analog scale (VAS),
plasma CK activity, PS, JRA and FM for both studies.
The measurements except muscle soreness and plasma
CK activity were taken immediately before and 0.5 h
after exercise and every 24-hour interval for 5 consecu-
tive days after MaxEC. Muscle soreness and plasma CK
activity were assessed before and every 24-hour interval
for 5 consecutive days post-MaxEC. The test-retest
reliability and the coefficient of variation (CV) of these
measurements were shown to be high in previous
studies (Chen et al., 2011; Chen, Huang et al., 2020).

MVC torque

MVC torque was measured by the same isokinetic
dynamometer and in the same position as those
described for the MaxEC. MVC torque was measured at
the elbow flexion of 90° (Study 1) or the knee flexion
of 30° (Study 2). Verbal encouragement was provided
during the MVC torque measures. The highest value of
the three trials was used for further analysis (Chen,
Huang et al,, 2020; Chen et al,, 2021; Lin et al., 2022).

Muscle soreness
Muscle soreness of the EF (Study 1) or the KF (Study 2)
were quantified using a VAS that had a 100-mm

ui

continuous line with “no pain at all'” on one end (0-
mm) and “unbearable pain” on the other end (100-
mm). The participants were asked to rate their perceived
soreness rating on the VAS when the elbow joint (Study
1) or the knee joint (Study 2) was passively extended to a
full extension position (Chen, Yang et al, 2020; Kang
et al., 2022).

Plasma CK activity

Approximately 3-mL of venous blood was drawn from
the antecubital vein using a standard venipuncture tech-
nique and centrifuged for 10-minute to separate the
plasma, and plasma samples were stored at —80°/C for
later analyses. Plasma CK activity was assayed via spec-
trophotometry by an automated clinical chemistry ana-
lyser (Model 7080; Hitachi, Co. Ltd., Tokyo, Japan) using
a commercially available test kit (Roche Diagnostics,
Indianapolis, Indiana; Chen et al., 2019). The normal
reference range for plasma CK activity in women were
26-192 IU/L based one the manufacturer’s information.

Position sense (PS), joint reaction angle (JRA), and
force match (FM)

PS at 30° (PS30), 45° (PS45) and 60° (PS60) of the unilat-
eral elbow flexion (Study 1) and knee flexion (Study 2),
JRA at 30° (JRA30), 45° (JRA45) and 60° (JRA60) of the
elbow flexion (Study 1) and knee flexion (Study 2), and
FM at 30% of pre-exercise MVC torque of the EF (Study
1) and the KF (Study 2) were measured by the isokinetic
dynamometer, in the same position as those described
for the MaxEC. The details of these three measurements



can be found in previous studies (Chen, Huang et al.,
2020; Paschalis et al., 2010).

Statistical analyses

The Shapiro-Wilk test was used to verify the normality
assumption of the data. The result of this test showed
that normality assumption was met for all variables in
both studies. Baseline values for all dependent variables
before MaxEC were compared between the two groups
in each study by an independent t-test. Changes in peak
torque and work during MaxEC were compared between
the FIR and sham groups in each study by a mixed-
design two-way analysis of variable (ANOVA). Changes
in the dependent variables after MaxEC were also com-
pared between the FIR and sham groups in each study
by a mixed-design two-way ANOVA. When the ANOVA
found a significant interaction effect, a Tukey’s post-
hoc test was performed for the comparison between
groups for each time point. Eta-squared values (n?)
were calculated as measures of effect size, and they
were considered ~0.02 as small effect, ~0.13 as
medium effect and >0.26 as large effect (Bakeman,
2005) when necessary. A significant level was set at P
< 0.05. The data are presented as mean + standard devi-
ation (SD), unless otherwise stated. All statistical analyses
were performed using the Statistical Package for Social
Sciences Version 23.0.

Results
Baseline measures and exercise

No significant differences (P > 0.05) in any of the baseline
dependent variables existed between the FIR and sham
groups before MaxEC for both studies (Figures 2 and 3).
The average TW during MaxEC of the EF was similar (P =
0.427, n*=0.058) between the FIR (2001 + 255 J) and
sham (1955 + 246 J) conditions. The TW in the KF exer-
cise was also similar (P =0.830, r]2= 0.004) between the
FIR (5543 + 1567 J) and sham (5634 + 1503 J) conditions.
Similar results were also found (EF: P=0.176, n2= 0.159;
KF: P=0.912, n°=0.001) in the average peak torques
generated during MaxEC of the EF between the FIR
(27.9+3.2 Nm) and sham (26.2+3.2 Nm) conditions
and KF between the FIR (43.6+10.6 Nm) and sham
(47.7 £12.5 Nm) conditions, respectively.

Changes in the dependent variables

In both studies, all dependent variables showed signifi-
cant (time effect: all P <0.05) changes at 0.5-hour after
MaxEC (before treatment) without significant (group
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effect & interaction effect: all P> 0.05) differences
between the FIR and sham groups (Figures 2 and 3).
However, the variables returned to the baseline faster
(P<0.001) for the FIR than the sham group (EF: inter-
action effect; e.g. MVC: n?=0.740; PS45: n?=0.793;
JRA45: n?=0.886; FM: n?=0.878; KF: interaction effect;
e.g. MVC: n?=0.534; PS45: n°=0.339; JRA45: n*=0.675;
FM: n?=0.620), and increases in muscle soreness (inter-
action effect; EF: n?=0.851; KF: n>=0.504) and plasma
CK activity (interaction effect; EF: n>=0.865; KF: n’=
0.396) were smaller for the FIR than sham group
(Figures 2 and 3).

Discussion

We hypothesised that the daily FIR lamp therapy after
MaxEC would enhance the recovery of muscle damage
and proprioception markers, when compared with the
sham treatment condition. The results showed that
changes in the muscle damage and proprioception
markers immediately after MaxEC (before treatment)
were similar between the FIR and sham groups in each
study, but the markers returned to the baseline faster
for the FIR than sham group, and peak DOMS and
plasma CK activity were significantly lower for the FIR
than sham group (Figures 2 and 3). These results sup-
ported the hypothesis and suggested that the FIR
therapy was effective for enhancing recovery from
muscle damage.

It is important to note that the changes in MVC torque
from baseline to 0.5 h after exercise were similar
between the FIR and sham treatment groups in Study
1 (Figure 2(A)) and Study 2 (Figure 3(A)), respectively.
These acute changes were likely to be induced by a com-
bination of neuromuscular fatigue and muscle damage
(Royer et al., 2021), but the similar changes in the
measures before the first FIR treatment that was per-
formed at 0.5 h post-exercise, indicate that the MaxEC
induced similar neuromuscular fatigue and/or muscle
damage before the first treatment in both studies. The
changes in the measures in the sham conditions were
similar to those reported in the previous studies in
which a similar exercise protocol to that of the present
study was used without any treatment for the EF (Laur-
itzen et al, 2009) and KF (Franklin et al., 1993). It
appeared that the magnitude of muscle damage was
more than “mild” since post-exercise peak CK activity
exceeded 1000 IU/L (Paulsen et al., 2012) in both
studies for the sham treatment condition. It seems
likely that the faster recovery of the variables between
24 and 120 h after MaxEC for the FIR than the sham con-
dition indicates the positive FIR lamp therapy effects. For
the FIR condition, MVC torque and proprioception
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Figure 2. Changes in maximal isometric contraction (MVC) torque (A), muscle soreness (B), plasma creatine kinase (CK) activity (C),
position sense at 45° elbow flexion (D), elbow joint reaction angle at 45° elbow flexion (E) and force match at 30% of pre-exercise
maximal isometric contraction torque (F) before (Pre), and 0.5, 24, 48, 72, 96 and 120 h after 12 sets of 6 maximal eccentric contrac-
tions of the non-dominant elbow flexors for the far-infrared radiation (FIR) and sham treatment groups. * indicates a significant (P <
0.05) interaction effect by mixed-design two-way ANOVA. * indicates a significant (P < 0.05) difference between groups for each time
point based on the post-hoc tests. T indicates a significant (P < 0.05) difference from the baseline.

markers returned to the baseline by 3-4 days after exer-
cise; however, in the sham condition, they did not
recover to the baseline even at 5 days post-exercise
(Figures 2 and 3). This faster recovery of muscle function
with the FIR therapy is practically important. It should be
also noted that the extent of peak DOMS was approxi-
mately 60% smaller with the FIR therapy, and DOMS
was subsided by 4 days post-exercise for the FIR con-
dition, but still existed at 5 days post-exercise for the
sham condition.

Since it has been reported that the magnitude of
muscle damage is less for leg than arm muscles (Chen
et al, 2011; Paschalis et al, 2010), the present study
investigated two muscle groups to see whether the FIR
therapy effects on muscle damage recovery, if any,
would be similar between the EF and KF. The present
study found that the magnitude of changes in MVC
torque, DOMS, and FM at 30% MVC was significantly
greater for the EF than KF. However, the effects of the
FIR therapy on the muscle damage and proprioception
markers were relatively similar between the EF and KF.
When compared with the sham treatment condition,

MVC torque recovery at 3 days post-exercise was
enhanced by 12% for the EF and 7% for the KF, peak
DOMS was reduced by 40% for the EF and 42% for the
KF, and peak plasma CK activity was reduced by 89%
for the EF and 83% for the KF by the FIR therapy
(Figures 2 and 3). Thus, the FIR therapy appeared to
work similarly for the EF and KF, but it should be
noted that two FIR lamps were used for the KF,
because of its surface area is approximately twice as
large as that of EF. It is interesting to investigate the
same effects would be induced if only one FIR lamp is
used.

When comparing the effects of the FIR therapy found
in the present study with those in which other photo-
therapy treatments such as low-level laser therapy
(Fritsch et al., 2016), light-emitting diode therapy
(Chang et al,, 2021), and diodes therapy (Douris et al.,
2006), the effects on the muscle damage parameters
found in the present study appear to be much greater.
For example, the present study found that all muscle
damage and proprioception markers showed faster
recovery by 1-3 days post-exercise with the FIR
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Figure 3. Changes in maximal voluntary isometric contraction (MVC) torque (A), muscle soreness (B), plasma creatine kinase (CK)
activity (C), position sense at 45° knee flexion (D), knee joint reaction angle at 45° knee flexion (E), and force match at 30% of
pre-exercise maximal isometric contraction torque (F) before (Pre), and 0.5, 24, 48, 72, 96 and 120 h after 10 sets of 10 maximal
eccentric contractions of the non-dominant knee flexors for the far-infrared radiation (FIR) and sham treatment groups. * indicates
a significant (P < 0.05) interaction effect by mixed-design two-way ANOVA. * indicates a significant (P < 0.05) difference between

groups for each time point based on the post hoc tests. T indicates a significant (P < 0.05) difference from the baseline.

treatment, but this has not been observed in the pre-
vious studies (Chang et al., 2021; Douris et al., 2006;
Fritsch et al, 2016). Therefore, to enhance muscle
damage recovery and attenuate symptoms of muscle
damage, the FIR lamp therapy could provide potent
effects. It is also important to note that the FIR lamp
therapy was simple, safe, non-invasive, and painless.
Thus, it appears that the FIR lamp therapy is useful for
individuals who wish to recover from MaxEC faster,
especially for athletes who need to recover faster from
matches and training (Hsieh et al., 2022).

The present study was not designed to examine the
mechanisms underpinning the FIR lamp therapy effects
on muscle damage and impaired proprioception recov-
ery, but some speculations can be made. Leung (2015)
listed several effects of FIR therapy based on in-vivo
and in-vitro studies, such as increased nitric oxide
(NO), calmodulin induction, intracellular heat shock pro-
teins, antioxidant effects, and anti-inflammatory and
pain relief effects with prostaglandin E, production. It
seems possible that the daily 30-minute FIR therapy in
the present study provided some of these effects on

muscle fascia, fascicles, muscle fibers and connective
tissue surrounded them. These may have enhanced
the recovery from muscle damage by increased circula-
tion, induction of NO and HSP as well as calmodulin
upregulation, which positively affected tissue regener-
ation. Further studies are warranted to investigate the
mechanisms.

There were several limitations in the current study.
Firstly, the current study used young healthy sedentary
women, thus the findings of the current study could
not be directly generalised to other populations. Sec-
ondly, the changes in ovarian hormone status of these
women during the study were not recorded, and the
possible effects of the hormones on the outcome
measures were not controlled. Thirdly, the outcome
measures that were used in the present study were indir-
ect markers of muscle damage. Thus, histological changes
in muscle fibers, fascicles and connective tissues sur-
rounding them were not known, thus the effects of the
FIR lamp therapy on these architectures should be inves-
tigated in future studies. Future studies are warranted to
consider these limitations and investigate whether the
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recovery of muscle damage and proprioception from a
damaging exercise or a sport would be enhanced by
the FIR lamp therapy, and explore the mechanisms. It is
also interesting to investigate the effects of the FIR
lamp therapy on hamstring strains.

In conclusion, the results of the present studies for
two different muscle groups showed that the FIR lamp
therapy enhanced the recovery rate from muscle
damage induced by unaccustomed eccentric exercise,
when the 30-minute FIR lamp treatment was provided
at 1 h after exercise, and every 24 h for 4 days thereafter.
It appears that the FIR lamp therapy is effective for alle-
viating muscle damage and impaired proprioception
induced by eccentric exercise, but the mechanisms
underpinning the effects require further studies.
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