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aHuman Health Sciences, Graduate School of Medicine, Kyoto University, Kyoto, Japan; bDepartment of Physical Therapy, School of Health
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ABSTRACT
Purpose: This study aims to evaluate the effects of Capacitive and Resistive electric transfer (CRet) and
hotpack (HP) on haemoglobin saturation and tissue temperature.
Materials and methods: The participants were 13 healthy males (mean age 24.5 ± 3.0). They under-
went three interventions on different days: (1) CRet (CRet group), (2) HP (HP group) and (3) CRet with-
out power (sham group). The intervention and measurement were applied at the lower paraspinal
muscle. IndibaVR active ProRecovery HCR902 was used in the CRet group, and the moist heat method
was used in the HP group. Oxygenated, deoxygenated and total haemoglobin (oxy-Hb, deoxy-Hb,
total-Hb) counts were measured before and after the 15-min interventions, together with the tempera-
ture at the skin surface, and at depths of 10mm and 20mm (ST, 10mmDT and 20mmDT, respectively).
The haemoglobin saturation and tissue temperature were measured until 30min after the intervention
and were collected at 5-min intervals. Statistical analysis was performed for each index by using the
Mann–Whitney U test for comparisons between all groups at each time point.
Results: Total-Hb and oxy-Hb were significantly higher in the CRet group than in the HP group con-
tinuously for 30min after the intervention. The 10mmDT and 20mmDT were significantly higher in the
CRet group than in the HP group from 10- to 30min after intervention.
Conclusions: The effect on haemoglobin saturation was higher in the CRet group than in the HP
group. In addition, the CRet intervention warmed deep tissue more effectively than HP intervention.
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Introduction

Thermotherapy is widely used as a component of physical
therapy in clinical practice. Thermal stimulation to human
body causes vasodilation and improves blood circulation
[1–4]. In particular, thermotherapy has a number of beneficial
effects in the treatment of musculoskeletal disorders such as
pain and tissue injury (muscle, tendon and ligament) [1–4].
Therefore, it is recognised as a major physical therapeutic
method. Thermotherapy is usually classified into superficial
and deep thermotherapy. In general, superficial thermother-
apy is referred that which causes vasodilation and increases
temperature only in the skin and superficial tissues; on the
other hand, deep thermotherapy causes vasodilation and
increases temperature of deep tissues [5].

As a method of superficial thermotherapy, hotpack (HP) is
used more frequently because of its convenience, low cost
and safety than other devices such as paraffin bath, fluid
therapy, and infra-red therapy [6,7]. Deep thermotherapy
devices such as ultrasound and diathermy can improve
haemoglobin saturation and increase the temperature of
deep tissues more than superficial thermotherapy [8–11];
however, these devices are infrequently used due to some

demerits. Ultrasound energy concentrates around bony tissue
and thus, ultrasound therapy has the risk of periosteal inflam-
mation [5,12]. In addition, ultrasound therapy covers a rela-
tively small area, because its effect reportedly reaches only
twice as much as the irradiation area of the transducer. As
most diathermy devices with frequencies of 8–14MHz pro-
duce excessive heat during treatment, which is enough to
cause a skin burn, a protective device, called a polus, must
be kept between the skin and electrode [13,14]. Thus, these
devices are used infrequently in clinical practice.

Recently, a system of Capacitive and Resistive electric
transfer (CRet), which is one of the methods used in dia-
thermy, was developed as a form of deep thermotherapy
[15]. This device delivers radiofrequency (RF) energy, which
passes between active electrode and inactive electrode, and
generates heat in the human body [16,17]. CRet does not
require a polus and surface-cooling system because it uses
448 kHz, which is lower than that used in conservative dia-
thermy, and does not cause excessive heat generation
between the skin and the electrode; thus, this device is safer
than other diathermy devices. In addition, earlier studies
have revealed the clinical efficacy in the treatment of
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musculoskeletal disorders such as pain and tissue injury
[16,17]. This is assumed to be caused by improvement in
haemoglobin saturation and increased temperature; however,
while previous studies revealed the change of tissue tem-
perature, they did not reveal direct physiological effect of
changes in haemoglobin saturation by the CRet intervention
[18]. Additionally, the different effects of CRet and HP as
superficial thermotherapy on haemoglobin saturation and tis-
sue temperature change are not known. Therefore, this study
aimed to evaluate the effects of CRet and HP on haemoglo-
bin saturation and tissue temperature.

Materials and methods

Participants

Thirteen healthy males participated in this study (mean± SD,
age 24.5 ± 3.0 years, height 172.3 ± 2.9 cm, weight
65.8 ± 6.0 kg). Participants were non-athletes and had not cur-
rently performed any excessive exercise. Participants with a
history of orthopaedic or nervous system disease in their
lower back were excluded. Written informed consent was
obtained from each participant in accordance with the guide-
lines approved by the Kyoto University Graduate School of
Medicine and the Declaration of Human Rights, Helsinki,
1975. The study protocol was approved by the Ethical
Committee of the Kyoto University Graduate School of
Medicine (C1150).

We calculated the sample size needed for two-way ana-
lysis of variance (ANOVA) with repeated measures (effect
size¼ 0.40, a error¼ 0.05, power¼ 0.8) using G� power 3.1
software (Heinrich Heine University, Dusseldorf, Germany).
The result showed that 13 subjects were required.

Apparatus

CRet intervention
IndibaVR activeProRecovery HCR902 (Indiba S. A., Barcelona,
Spain) was used for CRet intervention. This device operates
at a frequency of 448 kHz. Rigid circular metallic electrode
with a diameter of 65mm was used as active electrode and a
large flexible rectangular metallic plate (measuring
200� 260mm) was used as the inactive electrode. It deliv-
ered radiofrequency (RF) energy in two modes at active elec-
trode: capacitive (CAP) and resistive (RES). The CAP electrode
has a polyamide coating that acts as a dielectric medium,
insulating its metallic body from the skin surface, thus it gen-
erated heat near the skin externally. The RES electrode is
uncoated and RF energy travels directly through the body
into the inactive electrode; thus, it generates heat in the
deeper parts of the body. There are several contraindications
of CRet intervention (e.g. pregnancy, deep vein thrombosis,
hypoesthesia, damaged skin and implanted pacemaker).

Measurement
Haemoglobin saturation was measured using an
OMEGAMONITOR BOM-L1 TR W (Omegawave Co., Ltd.,
Tokyo, Japan). Two photo-detectors of this device absorb

three wavelengths of light (780, 810, 830 nm) from a light
source. The absorbance is analysed using a modified version
of the Lambert–Beer law, yielding a Hb content under the
photo-detectors. By using these three wavelengths, it is pos-
sible to differentiate between oxygenated and deoxygenated
haemoglobin (oxy-Hb and deoxy-Hb). The sum of oxy-Hb
and deoxy-Hb reflects total amount of haemoglobin (total-
Hb), which is related to the blood volume within the tissues.
The light source and detectors were covered with a black
rubber shield and affixed to the skin over the centre of the
elector spinae muscle belly on the right side at L2–3. The dis-
tances between the light source and the two detectors were
15 and 30mm; the light source was placed at the cranial
end, while the detectors were placed at the caudal end. The
distance was selected based on a previous study that
showed the maximum measuring depth for the tissue blood
volume and its oxygenation of the intra-soft tissue were
approximately 15 and 30mm from the surface of the skin
when the source–detector separation was 15 and 30mm,
respectively [19]. A differential calculation in the measure-
ments obtained from the two detectors demonstrated that
the subcutaneous fatty tissue had little influence on the
measurements of the intramuscular haemodynamics. The
instruments used in this study apply the differences in values
from two detectors, because the data obtained from only
one detector are probably not accurate due to the influence
of superficial tissue.

Tissue temperatures were measured using a Coretemp
CTM-205 (Terumo Co., Ltd., Tokyo, Japan). This instrument is
an electronic thermometer for non-invasive measurement of
body temperature. We measured temperatures at three
depths (skin surface, 10mm and 20mm below the skin sur-
face) each simultaneously. Skin superficial temperature (ST)
was measured by a thermistor probe PD-K161, which meas-
ures body temperature by detecting electrical resistance,
using a thermistor built into the probe. In addition, deep
temperatures (10mmDT and 20mmDT) were measured by a
temperature-compensated probe, PD-11 and PD-51, that ena-
bles measurement of the temperature 10mm and 20mm
below the skin surface, respectively, using a zero-heat-flow
method. The measurement accuracy according to the instru-
ment manual was as follows: ±<0.1 �C at 30–40 �C, ±<0.2 �C
at 10–30 �C or 40–45 �C and±<0.5 �C at 0–10 �C or<45 �C.

Experimental procedure

The participants underwent each intervention for 15-min dur-
ation: (1) CRet (CRet group), (2) hotpack (HP group) and (3)
CRet without power (sham group). These interventions were
applied by a skilled physical therapist. The intervention order
was randomised, and each condition was tested more than
24 h apart. On the day of the experiment, participants were
instructed not to consume alcohol, avoid smoking and per-
forming any intense activities for at least 24 h before experi-
ment. The experiment was conducted in a controlled
environment with the temperature maintained between
24 �C and 26 �C. The intervention and measurement were
applied at the lower paraspinal muscle, therefore the
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participants were asked to lie down in a prone position on a
bed to receive intervention and measurement (Figure 1).

In CRet group, the participants were applied total of 15-
min intervention (5min in CAP and 10min RES). We selected
the intervention time according to the previous study in
which lumbar and knee musculoskeletal injuries were treated
[20]. A manufacturer-supplied conductive cream was
employed as a coupling medium between the electrode and
the skin surface during the intervention. The inactive elec-
trode was placed on the skin of epigastric area. The intensity
was defined as 6 or 7 on a subjective 11-point analogue scale
that the participants used to self-report thermal sensing (0, no
thermal sensing; 10, worst possible thermal sensing) according
to the manufacturer’s recommended safety interventions.
Conductive cream was removed after the thermal interven-
tion. In sham group, CRet was unpowered and was performed
using the same method and conditions as those in the CRet
intervention. In HP group, moist heat method of hotpack was
applied for 15min. Hot pack (S – PACK CLS-12: SAKAI medical
Co., Ltd., Tokyo, Japan) was heated to 80 �C in a hydro-collator
tank (PACKWARMER CL – 15: SAKAI Medical Co., Ltd., Tokyo,
Japan) and wrapped in eight layers with towels.

Haemoglobin saturation and tissue temperature were
measured before 5min and 30min after the intervention
(Figure 2). The haemoglobin saturation data were divided
into 5-min intervals, and analysed by averaging each 5-min
interval (I0: before the intervention, I1–I6: after the

intervention). Tissue temperature data were analysed and
compared between the groups measured at 5-min intervals
(T0: before the intervention, T1–T7: after the intervention).

Statistical analysis

Statistical analysis was performed for each index by using
the Mann–Whitney U test for comparisons between all
groups at each time point. Statistical analyses were per-
formed using the SPSS version 20.0 (IBM Corp., Armonk, NY),
with a significance threshold of 0.016 for the comparison of
the three groups.

Results

Haemoglobin saturation in each group (Table 1)

The analysis revealed that total-Hb and oxy-Hb were signifi-
cantly higher in the CRet and HP groups than in the sham
group from I1 to I6 (p< 0.016), moreover, these were signifi-
cantly higher in the CRet group than in the HP group from
I1 to I6 (p< 0.016).

Tissue temperature in each group (Table 2)

The analysis revealed that ST, 10mmDT and 20mmDT were
significantly higher in the CRet and HP groups than in the

Figure 2. Experimental procedure. Haemoglobin saturation and tissue temperature were measured during 5min before the intervention (I0, T0). Then, the interven-
tions were performed for 15min. After the intervention, haemoglobin saturation continuously measured for 30min, and it was divided into six intervals; from I1 to
I6. Tissue temperatures were measured seven times (T2–T7) after the intervention every 5min.

Figure 1. The experiment setting with the intervention and measurement devices.
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sham groups from T1 to T7 (p< 0.016). As for 10mmDT and
20mmDT, the difference was significantly higher in the CRet
group than in the HP group after intervention (10 mmDT: T2
to T7 p< 0.016, 20mmDT: T1 to T7 p< 0.016).

Discussion

In this study, we investigated the effects of CRet and HP on
haemoglobin saturation and tissue temperature. The results

showed that total-Hb and oxy-Hb were significantly higher
after the intervention in the CRet and HP group than in the
sham group. In addition, these were significantly higher in
the CRet group than in the HP group. As for tissue tempera-
tures: ST, 10mmDT and 20mmDT were significantly higher in
the CRet and HP groups than in the sham group. Moreover
10mmDT and 20mmDT were almost significantly higher in
the CRet group than in the HP group.

The present study revealed that the total-Hb and oxy-Hb
were significantly higher during 30min after the intervention
in the CRet and HP groups than in the sham group. The oxy-
Hb, which is a component of total-Hb, increased in the CRet
and HP group, whereas no change was detected in deoxy-
Hb. This suggested that the change of total-Hb was due to
the increase in oxy-Hb, and haemoglobin saturation
improved after thermal intervention. The depth-resolved
assessment of total haemoglobin and haemoglobin satur-
ation could be acquired by varying the distance between the
probes. In this study, the 15-mm penetration depth was
thought to reflect the status of the fat and fascia of the sub-
cutaneous layer, while the 30-mm depth was thought to
reflect the status of the muscle layer. Thus, the change in
total-Hb and oxy-Hb in this study was used to define muscle
condition. Some previous studies demonstrated that the
blood circulation and haemoglobin saturation improved by
thermotherapy. The mechanisms of thermal effects improving
blood circulation and haemoglobin saturation and can be
attributed to the relaxation of vascular smooth muscles via
skin temperature receptors, suppression of the sympathetic
nervous system through indirect activation of local spinal
reflexes, and increases in the local release of inflammatory
vasoactive compounds such as prostaglandin and histamine,
and the compound effect would result in vasodilation and
increase in blood flow [21–24]. Additionally, Moon reported
that heat activates HIF-1 via ERK-NADPH oxidase-ROS path-
ways. Up-regulation of HIF-1 target genes results in increased
tumour perfusion/vascularisation and partially decreased oxy-
gen consumption, which results in decreased hypoxia in
tumors [25]. The reaction might be different between muscle
and tumour tissues, but tissue oxygenation in non-tumoral
tissues may improve through a similar mechanism.

Moreover, the total-Hb and oxy-Hb were significantly
higher after the intervention in the CRet group than in the
HP group; thus, CRet had better efficacy in improving
haemoglobin saturation than HP. We assume that this phe-
nomenon was caused by increasing temperature of the deep
tissue. The results of this study showed no significant differ-
ence in ST between CRet group and HP group; however,
10mmDT and 20mmDT were significantly higher after the
intervention in the CRet group than in the HP group. Earlier,
a study reported that there was a 0.7 �C increase at the
30mm below the skin superficial level after HP intervention
[8]. In this study, the mean increments in temperatures in
this study were 3.6 �C and 3.0 �C at 20mm below the superfi-
cial skin immediately after CRet and HP interventions,
respectively. Accordingly, the temperature deeper than
20mm below the skin surface is also presumed to be higher
in CRet group than in the HP group. Previous studies
revealed that shortwave and microwave diathermy provides

Table 2. Tissue temperature in each group.

CRet HP sham

ST T0 32.2 (31.6–33.6) 32.8 (31.6–33.6) 33.2 (31.6–33.6)
T1 36.0 (34.8–36.9)� 36.5 (35.5–37.3)† 31.7 (30.3–33.7)
T2 35.4 (34.6–36.4)� 35.5 (34.9–36.4)† 31.7 (30.9–33.3)
T3 35.0 (33.9–35.8)� 35.1 (33.9–35.6)† 31.8 (31.0–33.3)
T4 34.8 (33.4–35.5)� 34.7 (33.0–35.3)† 32.0 (31.2–33.5)
T5 34.5 (33.1–35.3)� 34.4 (32.8–35.1)† 32.4 (31.2–33.5)
T6 34.0 (32.8–35.2)� 33.7 (32.4–35.1)† 32.6 (31.3–33.5)
T7 33.8 (32.5–35.0)� 33.3 (32.2–35.1)† 32.5 (31.1–33.4)

10mmDT T0 34.9 (33.5–35.7) 35.2 (33.5–35.7) 35.1 (34.1–36.0)
T1 38.1 (37.5–39.0)� 38.0 (37.5–38.5)† 34.1 (31.9–35.6)
T2 37.7 (37.3–39.0)�§ 37.5 (37.0–37.8)† 34.4 (32.3–35.7)
T3 37.4 (36.9–38.5)�§ 36.9 (36.6–37.4)† 34.5 (32.5–35.6)
T4 37.2 (36.6–38.0)�§ 36.8 (36.5–37.2)† 34.5 (32.7–35.9)
T5 37.0 (36.5–37.7)�§ 36.7 (36.4–37.1)† 34.8 (32.9–36.0)
T6 37.0 (36.4–37.5)�§ 36.6 (36.1–37.1)† 35.3 (33.1–36.2)
T7 36.9 (36.3–37.5)�§ 36.4 (35.5–37.1)† 35.5 (33.3–36.3)

20mmDT T0 34.9 (33.5–35.7) 35.0 (33.5–35.7) 35.1 (33.7–35.9)
T1 38.2 (37.4–38.9)�§ 37.9 (37.5–38.4)† 33.8 (32.4–35.4)
T2 37.6 (37.0–38.4)�§ 37.2 (36.7–37.6)† 34.2 (32.8–35.7)
T3 37.4 (36.7–37.8)�§ 36.8 (36.2–37.2)† 34.6 (33.0–35.9)
T4 37.1 (36.4–37.7)�§ 36.7 (36.0–37.1)† 34.8 (33.3–36.1)
T5 37.0 (36.0–37.6)�§ 36.6 (35.5–37.1)† 34.7 (33.5–36.2)
T6 36.9 (35.8–37.6)�§ 36.6 (35.2–37.1)† 34.9 (33.8–36.2)
T7 36.8 (35.6–37.5)�§ 36.5 (34.8–37.1)† 35.0 (34.0–36.3)

Unit: degree. �n, median (minimum value–maximum value).�p< 0.016 CRet (Capacitive and Resistive electric transfer) versus sham.
†p< 0.016 HP (hotpack) versus sham.
§p< 0.016 CRet versus HP.

Table 1. Haemoglobin saturation in each group.

CRet HP sham

Total-Hb I0 86.4 (73.8–100.4) 86.4 (62.1–100.8) 90.5 (76.5–104.9)
I1 96.8 (80.8–107.1)�§ 93.2 (71.1–105.2)† 88.7 (76.0–100.8)
I2 97.2 (79.8–107.6)�§ 93.6 (72.5–104.9)† 90.3 (78.2–105.3)
I3 99.0 (80.4–105.3)�§ 92.3 (71.1–103.8)† 89.2 (77.4–101.3)
I4 98.0 (80.6–109.1)�§ 93.6 (71.1–104.0)† 89.9 (77.0–100.3)
I5 98.2 (80.4–108.4)�§ 92.7 (69.3–104.1)† 90.6 (77.4–100.4)
I6 98.1 (79.8–108.9)�§ 92.3 (69.8–103.8)† 92.6 (78.3–99.5)

Oxy-Hb I0 53.6 (43.7–67.1) 53.6 (39.2–67.1) 58.5 (45.5–65.7)
I1 65.8 (58.5–76.1)�§ 60.0 (48.2–75.2)† 56.3 (45.0–69.0)
I2 66.6 (59.9–76.1)�§ 61.3 (49.1–75.1)† 55.8 (47.3–69.5)
I3 65.4 (59.9–74.7)�§ 60.2 (48.6–74.3)† 56.3 (46.4–68.5)
I4 64.8 (56.3–77.9)�§ 60.5 (49.1–74.3)† 55.8 (46.4–69.0)
I5 64.8 (57.2–77.4)�§ 60.0 (47.7–74.1)† 55.8 (47.3–68.4)
I6 64.8 (56.3–77.9)�§ 59.4 (48.2–74.0)† 56.3 (46.8–69.0)

Deoxy-Hb I0 32.9 (16.7–36.0) 30.2 (22.1–39.6) 33.8 (28.8–40.1)
I1 30.6 (15.0–35.6) 30.2 (19.8–38.0) 32.4 (29.0–39.6)
I2 30.6 (14.8–34.7) 30.6 (18.9–38.1) 32.0 (28.8–39.2)
I3 31.4 (15.0–34.7) 30.2 (19.0–37.9) 31.9 (28.4–39.6)
I4 31.2 (15.3–35.1) 29.7 (19.8–38.0) 32.0 (28.8–39.2)
I5 31.1 (15.4–35.6) 30.0 (19.5–37.8) 32.0 (28.0–39.2)
I6 32.0 (15.0–36.0) 30.2 (19.4–38.0) 32.0 (27.9–39.0)

Unit: lmol/l, median (minimum value–maximum value).�p< 0.016 CRet (Capacitive and Resistive electric transfer) versus sham.
†p< 0.016 HP (hotpack) versus sham.
§p< 0.016 CRet versus HP.
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deep thermotherapy, which is similar to that provided by
CRet, and increases blood flow in the muscle [26,27]. In add-
ition, the temperatures decreased faster in the HP group
than in the CRet group in our study. Although heat was lost
by vaporisation in both the CRet and HP groups, the tem-
perature was kept relatively higher by heat that was grad-
ually conducted from deeper tissue towards the surface layer
in the CRet group. Thus, we concluded that CRet intervention
warmed deeper tissue more than HP intervention, and
improved haemoglobin saturation.

In contrast, most of the published research in this area
has been conducted on laboratory animals such as rats and
dogs. These small mammals have different physical character-
istics from humans, with limited physiological heat-loss
mechanisms. For example, rats have a higher thermoneutral
zone of around 30 �C, which for humans is equivalent to
22–25 �C [28,29]. Song et al. reported that the blood flow in
rat normal tissue, e.g. skin and muscle, increases by a factor
of 3–20 upon heating to 42–45 �C [30]. Based on this infor-
mation, the blood flow in humans may increase at a tem-
perature lower than 42–45 �C. Actually, ST increased to
36–38 �C and DT at 10mm and 20mm increased to 37–39 �C,
with improved haemoglobin saturation in our study. In add-
ition, Roemer et al. reported that in canine thigh muscle sub-
jected to stepwise changes in microwave heating, four types
of responses were identified [31]:

1. Type I: at low power levels, temperatures increased
monotonically to elevated steady state values;

2. Type II: at higher power levels, when temperatures
increased above some critical point, increased blood per-
fusion was activated to yield heavily damped tempera-
ture oscillations;

3. Type III: at even higher powers, temperature responded
to lightly damped or self-sustained large oscillations,
with a maximum oscillation of 7 �C, and;

4. Type IV: temperatures rapidly increased above physiolo-
gically safe levels at yet higher powers.

In our study, the temperature at the skin surface and at
10mm and 20mm deep in tissues increased by 3–4 �C with
CRet and HP, and the haemoglobin saturation improved after
30min of intervention. The critical temperature in humans
may be different from that of dogs, but the type of blood cir-
culation response in this study is considered to be Type I or
II according to Roemer’s study. Physiological changes due to
thermal stimulation in humans will be revealed in more
detail by future studies that apply variable amounts of heat
to the body.

In our study, CRet increased temperature at deep tissue
and improved haemoglobin saturation more than HP, thus
CRet was assumed to have better efficacy than HP clinically.
The average difference in temperature between the two
groups was less than 1 �C. However, a temperature rise of
1 �C can have various effects in the human body, such as
changes in nerve conduction velocity, enzyme activity and
oxy-Hb release [32–35]. Tissue oxygenation insufficiency gives
rise to hypoxic conditions in tissues, the production and

release of algesic substance and tissue fibrosis, thereby caus-
ing pain, muscle spasms and joint contracture [24].
Therefore, increasing temperature and improving haemoglo-
bin saturation to affected sites and promoting tissue oxygen-
ation are clinically important for improvement of the above
conditions; moreover, it would also enhance muscle fatigue
recovery, tissue repair and wound healing [36,37]. CRet inter-
vention is considered to be capable of enhancing muscle
fatigue recovery, tissue repair and wound healing; further
studies are needed in this subject.

This study had some limitations. First, the intensity of
CRet intervention was defined on a subjective analogue
scale. In this study, the tissue temperatures at T1 were not
different between the CRet and HP groups at all depths, thus
it is estimated that the amount of thermal stimulation is
almost same among these groups. We performed additional
experiments to measure the applied power, and found that
5min of CAP and 10min of RES intervention provided
7.1 ± 1.2 kJ and 60.3 ± 5.3 kJ, respectively (unpublished data:
10 persons). Despite its limitations, the results are meaningful
because HP and CRet intensities and intervention time are
commonly used in clinical practice to assess musculoskeletal
injuries. However, the result might be different if lower inten-
sity CRet is used. Thus, further studies are needed. Second,
the measurement time was limited. In this study, total-Hb
and oxy-Hb were significantly higher during 30min after the
intervention in the CRet and HP groups than in the sham
group. Nevertheless, prolonged effect after more than 30min
is not known. Third, we did not record a clinical parameter
such as range of motion, and muscle strength. In spite of
these limitations, this study suggested the effectiveness of
CRet intervention on improving haemoglobin saturation.
Although we compared the physiological responses between
CRet and HP in this study, it has not revealed the result of
comparison with other devices such as ultrasound and dia-
thermy. Further comparison studies are needed in future.
Fourth, we did not include female participants and partici-
pants of various ages, and the population were restricted to
young healthy male participants. Adding additional subjects
could reveal sources of variation in tissue response; therefore,
further analysis is required. Fifth, we did not measure activity
of the autonomic nervous system. If thermotherapy affects
the parasympathetic nervous system, the resulting decrease
in respiration rate could also increase haemoglobin satur-
ation. Sixth, while changes in microvessel haematocrit can
also affect haemoglobin concentration, haematocrit was not
measured in this study. Neeman et al. have shown that
haematocrit can fluctuate, and predicted that this fluctuation
would affect blood oxygenation level-dependent magnetic
resonance imaging (BOLD MRI) signals [38]. It may be pos-
sible to identify changes in the blood condition in detail
using BOLD MRI. Seventh, we used a non-invasive device to
monitor deep tissue temperature instead of an invasive
method using needles. The system uses a servo-controlled
heater to null cutaneous heat flux, and then makes the
assumption that subcutaneous temperature, which reflects
core temperature in specific locations, is equal to heater tem-
perature. The system has generally proven reliable and is
an established measurement method for deep tissue
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temperature. Studies using this method to examine the ther-
mal effect of exercise and thermotherapy have been pub-
lished [39,40]. In addition, the measurement accuracy
according to the instrument manual is ±<0.1 �C at 30–40 �C.
The temperatures of each point in this study were within
30–40 �C; thus, measurement accuracy is not the major prob-
lem. Given the accumulating knowledge, the system can be
used for the purposes of this study to compare group differ-
ences with accuracy comparable to that of previous studies,
in spite of minor concerns related to the change in perfusion.
Despite these limitations, the findings from the present study
provide valuable information on the effects of CRet
intervention.

Conclusions

The effect on haemoglobin saturation was higher in the CRet
group than HP group. In addition, the CRet intervention
warmed deep tissue more effectively than HP intervention.
CRet, which is a form of deep thermotherapy, is assumed to
be capable of treating musculoskeletal disorders more effect-
ively than HP, which is a form of superficial thermotherapy.
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