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INTRODUCTION
Poor muscle flexibility increases the risk of musculos-
keletal injuries such as muscle strain and low back pain, 
which are common in athletes [1-6]. Thus, maintenance 
and improvement of muscle flexibility is important; in 
this order, athletes and therapists use stretching and 
thermotherapy. Many studies show that thermothera-
py combined with stretching is more effective to impro-
ve muscle flexibility than stretching alone [7-9]. Howe-
ver, it is unclear how thermotherapy alone influences 
muscle flexibility.

Thermotherapy increases extensibility in soft tissue 
[10]. This may lead to improve muscle flexibility. An in-
crease in tissue temperature also produces vasodilation 
[10]. Insufficient blood circulation causes hypoxia, the 
production and release of algesic substances and tis-
sue fibrosis, which lead to pain, muscle spasm, and joint 
contracture [11]. These conditions may reduce muscle 
flexibility. In addition, improvement of blood circulation 
can promote tissue repair and healing [12]. Thus, it is 
meaningful to evaluate the effect of thermotherapy on 
muscle flexibility and blood circulation to treat muscles.

Thermotherapy can be classified into superficial and 
deep thermotherapy. Heat conducted by superficial 
thermotherapy (ST) cannot reach muscle [10]. As a 
method of ST, hot packs (HP) are widely used in clinical 
practice. Capacitive-Resistive electric transfer (CRet) 
system is a form of deep thermotherapy [16] that can 
treat larger areas than other technologies. In addition, 
CRet does not require a surface-cooling system. Thus 
CRet is more convenient and safer than other devices.

The aim of the present study was to evaluate the 
effects of CRet and HP on tissue temperatures, muscle 
flexibility, and blood circulation.

 

MATERIALS AND METHODS
Participants
Thirteen healthy adults participated in this study (5 
women and 8 men, mean ± standard deviation; age 
22.0 ± 0.8 years, height 166.7 ± 0.1 cm, body weight 
60.9 ± 9.9 kg).

Design
The participants randomly received three interven-
tions: (1) Capacitive (CAP) and Resistive (RES) electric 

transfer (CRet trial), (2) hot pack (HP trial), and (3) CRet 
without power (sham trial). The intervention order was 
randomized, and each experiment was conducted more 
than 24 hours apart. The intervention and measure-
ment were applied to the right hamstring muscle.

Instruments and measurements
Interventions: Indiba® device (Indiba S. A., Barcelona, 
Spain) was used for the CRet intervention. Treatment 
intensity was defined as 6 or 7 on a subjective analog 
scale (0: no thermal sensing, 10: worst possible thermal 
sensing) considered to be the most effective without 
feeling discomfort or pain [19]. Intervention was of 15 
minutes (min) (5 min in CAP and 10 min in RES). The 
sham intervention was unpowered CRet but performed 
using the same method and conditions as those in the 
CRet intervention. In the HP trial, 15 min of moist heat 
with an HP was applied to the participants. The HP 
(S-PACK: SAKAI Medical Co.) was heated to 80 in a hy-
dro-collator tank and wrapped in towels in eight layers 
considered to be most effective without feel discomfort 
or pain.

Measurement
Tissue temperature was measured using a Coretemp 
CTM-205 (electronic thermometer for noninvasive me-
asurements). We measured 3 depths (skin superficial 
temperature [ST], and deep temperatures [DT] 10 mm 
and 20 mm below the superficial skin) simultaneously.

The passive straight leg raise (SLR) test was used to 
determine changes in the hamstring muscle’s flexibility.

Blood circulation was measured with near-infrared spec-
troscopy (NIRS) using an OMEGAMONITOR BOM-L1 TR 
W. Thus, blood circulation around 15 mm below the skin 
surface was measured in this study. The measurement 
indexes of blood circulation were oxygenated (oxy-), 
deoxygenated (deoxy-), and total (total-) Hb concentra-
tions. The total-Hb is the sum of oxy-Hb and deoxy-Hb.

 

RESULTS
Changes in tissue temperatures
ΔST, Δ10 mmDT and Δ20 mmDT were significantly hi-
gher in the CRet and HP trials than in the sham trial be-
tween T2 and T8. There were no significant differences 
between the CREt and HP trials in Δ10 mmDT; however, 
they tended to be higher in the CRet trial than in the HP 
trial between T2 and T8 (Figure 1).
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Figure 1. Changes in tissue temperatures in each intervention where: T1 
(before intervention), T2 (immediately after intervention), T3-T8 (at 5 
minutes intervals after intervention).

Changes in muscle flexibility
ΔSLR was significantly higher in the CRet trial than in the sham 
trial between T1 and T8 (p<0.01), moreover, it was significant-
ly higher in the CRet trial than the HP trial between T5 and T8 
(p<0.01), (Figure 2).

Figure 2. Changes in tissue flexibility in each intervention where: T1 (be-
fore intervention), T2 (immediately after intervention), T5 (15 minutes 
after intervention), T8 (30 minutes after intervention).

Changes in blood circulation
Δoxy-Hb and Δtotal-Hb were significantly higher in the CRet and 
HP trials than in the sham trial between I2 and I7. In each trial, 
Δdeoxy-Hb tended to decrease after the intervention.

DISCUSSION
The changes in the passive SLR test were significantly greater in 
the CRet trial than in the sham trial for 30 min after the inter-
vention. This suggests that CRet could improve muscle flexibility. 
There are two possible factors for the change in muscle flexibility. 
The first factor is the increase in the extensibility of the soft tis-
sue, including connective tissue composed primarily of collagen 
fibers [20-22] (Figure 3).

Figure 3: Changes in blood circulation in each intervention, where: I1 
(before intervention), I2-I7 (at 5 minutes intervals after intervention)



As the temperature increases collagen extensibility increases, and 
the connective tissue viscosity and viscoelasticity of muscle fiber 
are reduced [23-25]. Subsequently, the extensibility of soft tissue 
increased, and muscle flexibility was improved. The second factor 
is the increase in participants’ tolerance to pain from muscle stret-
ching. Some previous studies reported that local thermotherapy 
increased the pain threshold [26-28].

The changes in the passive SLR test were significantly greater in 
CRet trial than in HP trial 15 and 30 min after the intervention, and 
no significant difference was observed between the HP and sham 
trials for the 30 min after the intervention. These results suggest 
that CRet is more effective to improve muscle flexibility than HP. 
We assume that this phenomenon was due to the increase in deep 
tissue temperature. There was no significant difference between 
CRet and HP trials in 10 mmDT and 20 mmDT; however, they ten-
ded to be higher in CRet trial than in HP trial for 30 mins after the 
intervention. These results suggest that CRet could warm deep 
tissue more effectively than HP. We assumed that CRet could reach 
the whole hamstring muscle and warm not only the biceps femo-
ris and semitendinosus but also the semimembranosus enough to 
change the degree of the passive SLR test; on the other hand, HP 
could not warm the deep muscle sufficiently. Thus, the change in 
the passive SLR was significantly greater in the CRet trial than in 
the HP trial. In other words, CRet is more effective to improve mus-
cle flexibility than HP.

Oxy-Hb, increased in CRet and HP trials, whereas deoxy-Hb de-
creased. This result shows that the change in total-Hb was due to 
the increase in oxy-Hb. An increase in oxy-Hb indicates an increase 
in the volume of fresh blood supplied by the arteries [34].

The results of this study indicated that CRet improved muscle 
flexibility. Various studies have investigated the effect of thermo-
therapy on muscle flexibility; however, many of them reported the 
effect of thermotherapy applied concomitantly with stretching [7-
9]. In contrast, the present study indicated that CRet alone could 
improve muscle flexibility.

We could not objectively conclude whether the changes in mus-
cle flexibility were due to the increase in soft tissue extensibility 
or the increase in the participants’ tolerance to pain from muscle 
stretching.

CONCLUSIONS
The effect on muscle flexibility was higher in the CRet trial than 
in the HP trial. Additionally, CRet could improve the blood circu-
lation as well as HP. The findings of this study suggest that CRet 
could be an effective means as thermotherapy.
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