
Journal of Behavioral and Brain Science, 2014, 4, 11-22 
Published Online January 2014 (http://www.scirp.org/journal/jbbs) 
http://dx.doi.org/10.4236/jbbs.2014.41002  

Pain-Relief Effects of Aroma Touch Therapy with Citrus 
junos Oil Evaluated by Quantitative EEG Occipital  

Alpha-2 Rhythm Powers 

Tomomi Bohgaki1,2, Yoshitada Katagiri3, Makoto Usami2 
1College of Nursing, Aichi Medical University, Aichi, Japan 

2Kobe University Graduate School of Health Sciences, Hyogo, Japan 
3Advanced ICT Research Institute, National Institute of Information and Communications Technology, 

Tokyo, Japan 
Email: bohgaki@aichi-med-u.ac.jp  

 
Received December 1, 2013; revised December 29, 2013; accepted January 8, 2014 

 
Copyright © 2014 Tomomi Bohgaki et al. This is an open access article distributed under the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. In accor-
dance of the Creative Commons Attribution License all Copyrights © 2014 are reserved for SCIRP and the owner of the intellectual 
property Tomomi Bohgaki et al. All Copyright © 2014 are guarded by law and by SCIRP as a guardian. 

ABSTRACT 
Aroma touch therapy is widely used in clinical fields for alleviating pain-related symptoms; however, few studies 
have reported the pain-relief mechanisms. The present study aimed to elucidate the analgesic effects of aroma 
touch therapy with Citrus junos oil based on the quantitative evaluation of deep brain network (DBN) activity 
using electroencephalogram (EEG) occipital alpha-2 rhythm (10 - 13 Hz) powers. Experimental investigations 
were performed with 13 healthy volunteers using the cold pressor task for simulating chronic pain in three dif-
ferent sessions: a baseline session with no therapies, a control session with a touch therapy, and an aroma touch 
therapy. We have found for the first time that the interviewed pain ratings represented by Numeric Rating Scale 
(NRS) scores were strongly correlated with a DBN activity index, which was derived from the slow fluctuation 
components of occipital EEG alpha-2 rhythm powers. The correlation was characterized by a V-shaped curve in 
the DBN activity index versus the pain rating, i.e., the NRS score, which provided the complete analgesic states 
(NRS = 0) for some subjects under aroma touch therapy at an appropriate DBN activity index. Such analgesic 
states were not so strongly correlated with emotional valence. In conclusion, aroma touch therapy may directly 
modulate DBN activity so that pain-induced outcomes are minimized. 
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1. Introduction 
Aromatherapy is a standard method used in complemen-
tary and alternative medicine [1-4]. Essential oils are 
utilized in aromatherapy, and they are synthesized from 
natural volatile organic compounds. Aromatherapy is 
characterized by low side effects [5,6]. This is of great 
advantage for clinical applications and is supported by a 
wide variety of practical implementations and evidence 
for the alleviation of symptoms related to higher-order 
brain dysfunctions, such as dementia [5,7-9], attention 
deficit hyperactivity disorders [10], and mood disorders 
[11-13], as well as for pain control [14,15], stress man-

agement, and health promotion [16-18]. Aromatherapy 
has also been applied to palliative care in hospice [19-23], 
and its validity has been demonstrated not only for main- 
taining a high quality of life (QOL) [24-27] but also for 
alleviating chronic pain associated with cancer [27]. 

Aromatherapy provides various practical therapies 
ranging from simple inhalation of an essential oil to a 
complicated aroma massage. Aroma touch is a type of 
massage, but the use of essential oils distinguishes it 
from original forms defined as “manual soft tissue ma-
nipulation including holding, causing movement, and/or 
applying pressure to the body”, according to the Ameri-
can Massage Therapy Association [28]. Aroma touch 
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therapy is equivalent to pediatric massage in which only 
mild pressure is applied. Hence, aroma touch therapy is 
considered safe and effective even for cancer patients in 
hospices [29] and has shown highly efficient effects of 
alleviating various symptoms associated with cancer 
[30-32]. Based on this assumption, we performed an ad-
vance clinical trial to examine the effects of aroma touch 
therapy on a cancer patient [33]. The results revealed that 
aroma touch therapy might improve QOL and reduce 
pain-related syndromes. Such clinical evidences are con-
sidered to support the recent increasing demands for 
aroma touch therapy in hospices. 

Many studies have investigated chronic pain, as a tar-
get of aromatherapy, to elucidate neural mechanisms. To 
explain how chronic pain conditions are formed even in 
the absence of afflicted body parts, a concept of the Pain 
Matrix is proposed by Melzack [34]. This concept inte-
grates pain-related cortical regions typically including 
the somatosensory area, anterior cingulate cortex, insular 
cortex, and medial prefrontal cortex to construct a pain 
network for pain perception. In the early stage of chronic 
pain studies, much interest was focused on thalamic ac-
tivity, taking into account the anatomical structure that 
thalamus terminated the spinothalamic tract and transfer- 
ed pain signals to the Pain Matrix [35]. Previous clinical 
studies utilizing neuroimaging techniques for cerebral 
regional blood flows [36] reported that thalamic activity 
is significantly decreased under chronic pain conditions. 
They also reported that completely pain-free states in 
patients with chronic pain can be obtained with thalamic 
stimulation [37-39]. From an electrophysiological view 
point, chronic pain conditions are related to dysfunctions 
of the thalamus, which are characterized as thalamocor-
tical dysrhythmias, and those that can be detected in low- 
frequency ranges of electroencephalogram (EEG) or 
mag-netoencephalogram signals [40-42]. On the basis of 
these clinical findings, it was assumed that the analgesic 
effects of aroma touch therapy can be attributed to tha-
lamic activation. Hence, we were interested in deterem-
ing how thalamic activity was changed in pain-free states 
by aromatherapy.  

The region related to the thalamus and limbic system 
is also strongly correlated with emotion. Hence, the emo-
tional effects of aroma touch therapy on pain ratings 
must be considered to discuss the analgesic effects. Ac-
cording to the Pain Matrix model [43-45], pain sensation 
represented on the cortices can be emotionally modulated 
independently of thalamic activity. Pleasantness evoked 
by odor and touch reduces pain ratings and even provides 
pain-free states [46]. Such analgesic effects of aroma 
touch therapy are even considered as placebo effects 
given by higher-order brain functions [47-49]. Therefore, 
we were interested in determining whether thalamic ac-
tivities or emotion changes were dominant.  

The present study aimed to clarify the two issues of 
interest as mentioned above: the quantitative evaluation 
of thalamic activity under analgesic states and determi-
nation of a dominant factor from the two candidates of 
thalamic activity and emotional modulation evoked by 
aroma touch therapy. We therefore performed both neu-
rophysiological and neuropsychological investigations on 
the analgesic effects of aroma touch therapy in healthy 
subjects who have no pain-induced reorganizational 
changes in the central nervous systems. In the neurophy-
siological investigation, we adopted information derived 
from occipital EEG alpha rhythms to quantitatively eva-
luate thalamic activity. EEG studies have a merit for in-
vestigating psychological aspects, such as pain or pain- 
related unpleasantness, compared with conventional stu-
dies with functional magnetic resonance imaging (fMRI) 
measurements, which could be stressful for subjects. A 
long history correlates with EEG alpha rhythms. Studies 
utilizing neuroimaging techniques revealed central neural 
correlates including the thalamus, which particularly at-
tracted much interest because the results indicated that 
surface EEG reflected deep brain network (DBN) activi-
ties. Although whether the correlation is positive [50-52] 
or negative [53,54] has been a matter of argument in pub- 
lished papers, a recent report [55,56] concluded this issue 
through its findings that neural correlates with occipital 
EEG alpha rhythms depend on the frequencies of alpha 
rhythm power fluctuations. This report also gives the best 
suggestion that a region of the thalamus, associated with 
the brain stem and anterior cingulate cortex, is positively 
correlated with the slow fluctuation components of the 
alpha rhythm power. These neural parts related to the 
positive correlation are considered to form DBN. Hence, 
the evaluated slow components reflect DBN activity. We 
consider that this DBN activity corresponds to the tha-
lamic activity evaluated by neuroimaging as mentioned 
above, because blood oxygenation level-dependent 
(BOLD) signals do not reflect any information related to 
the fast modulation components of the EEG alpha-2 
rhythm powers. 

2. Materials and Methodology 
2.1. Subjects 
Thirteen healthy Japanese volunteers including 10 fe-
males and 3 males (age, mean ± SD: 21.2 ± 1.36 years) 
were enrolled in this study. We did not take the sex dif-
ferences into account in this study. All of them provided 
written informed consent. We carefully checked their 
health conditions according to the medical history de-
clared by themselves to eliminate participants having 
diseases such as a liver disease, kidney disease, neuropa-
thy, heart disease, or even chronic pain. We also deter-
mined whether the participants were allergic to Yuzu 
essential oil using the conventional patch test. Table 1  
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Table 1. Subject characteristics. 

Subject 
# Sex Age 

(year) 
Height 
(cm) 

Weight 
(kg) 

BMI 
(kg/m2) 

STAI-form JYZ GSD 
(depression 

level) 

Medical history and  
Stress-associated symptoms Trait Anxiety 

(level) 
State Anxiety  

(level) 

1 F 20 164 51 19 31 (I) 52 (IV) 37 (M)  
2 F 25 155 66 27.5 60 (IV) 36 (II) 31 (L） Persistence in thinking 

3 F 21 160 65 25.4 46 (III) 43 (III) 20 insistence on cleanliness  
(chopsticks) 

4 F 21 158 50 20 41 (II) 42 (II) 29  
5 F 20 151 43 18.6 46 (III) 30 (I) 21 overreact 

6 F 20 159 45 17.8 36 (II) 46 (III) 21 pulled muscle of a shoulder  
1 week ago, pain continues 

7 M 21 165 60 22 59 (IV) 39 (II) 33 （L）  
8 F 20 160 58 22.7 29 (I) 28 (I) 24  
9 F 21 170 53 18.3 35 (II) 38 (II) 20  
10 F 21 160 52 20.3 33 (I) 32 (I) 18  
11 F 22 167 64 23 47 (III) 41 (III) 31 (L） particular about stimulation 
12 M 22 174 64 21.1 34 (I) 30 (I) 18  
13 M 22 173 75 25.1 30 (I) 41 (II) 17 atopic dermatitis 

Thirteen healthy Japanese volunteers including 10 females and 3 males were enrolled in the study. We first examined how temperament scale scores (State– 
Trait Anxiety Inventory-form JYZ: STAI-form JYZ, Global Scale for Depression: GSD) affect pain ratings. We show below the total score with both 
scales.Moreover, questions regarding the presence or absence of pain as well as stress-associated with pain were included. 
 
shows the characteristics of the subjects. 

This study was approved by the Ethics Committees of 
Graduate School of Health Sciences of Kobe University, 
the Nursing Department of Aichi Medical University and 
the National Institute of Communication Technology. 

2.2. Methodology 
2.2.1. Chronic Pain Stimuli by Cold Pressor Task 
To experimentally simulate chronic pain, we used a cold 
pressor task (CPT) [57] scheme in which subjects are 
asked to immerse their hands in cold water. The temper-
ature of the water was maintained at 10˚C - 11˚C using 
an electrical cooling device, and this low temperature 
activates afferent C-fibers via TRPA1 receptors [58]. The 
duration of immersion was approximately a few minutes 
to eliminate the influence of acute pain sensation signals 
transmitted along the spinothalamic tract. 

The C-fibers play a primary role in the neural systems 
for chronic pain perception, therefore, it is assumed that 
the CPT scheme can temporarily generate chronic or 
pseudo-chronic pain.  

2.2.2. Essential Oil 
We used Yuzu (Citrus junos) oil, Yuzu in Japanese, for 
experiments preformed in the present study. This oil has 
been welcomed by many Japanese who associate it with 
pleasant feelings. It has also been traditionally used in 
Japan as a popular health-maintenance remedy. Such 
benefits of the oil will be advantageous for making aro-
ma touch therapy more popular in hospices or nursing 
homes. Taking into account the results of our advanced 

clinical trial as mentioned above, Yuzu oils with the 
same components as those used in the trial were em-
ployed in the present study. Yuzu peels (products of Ko-
chi Prefecture, Japan) were squeezed by steam distilla-
tion under a decompression condition [59], and the 
wastes obtained were used for preparing Yuzu essential 
oil with sesame oil (Sesamum indicum; Musee Inc., Osa-
ka, Japan). The prepared Yuzu oil consisted of linalool 
(70.89%), alpha-terpineol (13.13%), thymol (6.38%), 
limonene (4.94%), and 4-terpineol (4.66%). The car-
ry-over effects of the Yuzu oil was examined in advance, 
and throughout the examination, we did not observe any 
serious side effects for any subjects.  

2.2.3. Touch and Aroma Touch Therapy 
Our touch therapy was based on the superficial effleu-
rage scheme [60,61] applied from fingers to an elbow 
with a stroke velocity in the range from 3 to 5 cm/s. The 
control touch therapy used in the study was performed 
according to the above procedure using a non-essential 
oil such as sesame oil. This scheme was followed in 
aroma touch therapy; however, the Yuzu essential oil 
was used instead of the sesame oil. 

2.2.4. Temperament Evaluation 
Subjective temperaments were evaluated using the 
State-Trait Anxiety Inventory (STAI)-form JYZ, mod-
ified from STAI form-Y proposed by Spielberger [62], 
and Global Scale for Depression (GSD) [63]. According 
to the STAI-JYZ criteria, scores in the range of 20 - 80 
are related to specific psychiatric dysfunctions such as 
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state anxiety or trait anxiety. A score of ≥55 is consi-
dered high-level anxiety, and a score of <45 is consi-
dered low-level anxiety [64]. On the basis of the GSD 
criteria, depression can be objectively diagnosed accord-
ing to the scores, i.e., as mild (30 - 36), moderate (37 - 
43), and serious (≥44) [63]. 

2.2.5. Objective Evaluation of Emotional Responses 
Transient emotional responses to pain were objectively 
evaluated using subjective reports to reveal the relation-
ship between emotion and pain ratings. The objective 
evaluation was based on psychological scales including 
valence varying from pleasant to unpleasant, arousal va-
rying from awaking to sleepiness, stability varying from 
sedation to agitation [65], vitality varying from positive 
to negative (fatigue), and preference to odors. A psychia-
tric scale related to depression or anxiety was also used 
to evaluate the specific emotional states of subjects under 
chronic pain. All scales were objectively evaluated using 
the Visual Analog Scale (VAS) that ranged from 0 to 100 
mm, and the VAS scores generated are sufficiently relia-
ble for statistical analyses [66].  

2.2.6. Pain Ratings and Classification 
Pain ratings were objectively evaluated using the Nu-
merical Rating Scale (NRS), which has been widely used 
in clinical practice [67]. The NRS scores ranged from 0 
to 10, and these scores are assigned according to the 
declaration made by the subjects on the basis of their 
sensitivity to pain. These NRS scores are sufficiently 
reliable for statistical analyses.  

2.2.7. EEG Recordings and Data Processing 
EEG recordings were performed using 21 Ag/AgCl elec-
trodes placed according to the International 10 - 20 sys-
tem (sampling frequency: 512 Hz, resolution: 24 bit). 
EEG signals were analyzed using a fast Fourier trans-
form (FFT) technique to generate time-series data of oc-
cipital (O1, O2) alpha-2 band (10 - 13 Hz) powers ex-
tracted from the FFT data [rate: 32-SPS (samples/s), 
epoch: 1 s]. The DBN activity index was defined as slow 
fluctuation components of the time-series data calculated 
by a moving-average technique. 

2.2.8. Hemoencephalogram Recordings 
As the frontal lobe is activated by pain or other unplea-
sant stimuli [68], we can support objective pain ratings 
according to a subjective declaration.  

Hence, regional central blood flows at the center of a 
patient’s forehead were measured using a near-infrared 
hemoencephalogram (NIR-HEG) sensor. This measure-
ment scheme provides a simple and convenient method 
for evaluating the dynamic responses of regional brain 
activities, which can be calculated from relative oxyge-

nated hemoglobin and deoxyhemoglobin concentrations. 
As the frontal lobe is activated by pain or other unplea-
sant stimuli [68], we can support objective pain ratings 
according to a subjective declaration.  

2.2.9. Experimental Protocol 
In a familiarization session, subjects who provided writ-
ten informed consent were interviewed to know their 
medical history and tested not to have any allergy to es-
sential oils used in the study. Experiments were per-
formed with subjects who had cleared this allergy test. 
The experimental protocol is shown in Figure 1. For the 
experiment, subjects were seated upright in a comforta-
ble chair with their eyes closed. EEG and NIR-HEG 
measurements were performed continuously throughout 
the protocol. The protocol consisted of three major ses-
sions: a rest session for measuring baseline neural activi-
ties, a therapy session, and a pain evaluation session. The 
duration of each of these sessions was 5 min. In the 
therapy session, touch or aroma touch therapy were ap-
plied to one hand of the subjects. In the pain evaluation 
session, painful stimuli through CPT were applied to the 
other hand of the subjects while the therapies were con-
tinued.  

Pain evaluation was performed under the three condi-
tions: a baseline condition without any therapies, a con-
trol condition using sesame oil as a non-essential oil, and 
an aroma touch condition using touch with the Yuzu es-
sential oil. The subjects were asked to declare their pain 
at every 30 s, and scores were accordingly assigned in 
the range of 0 - 10. A cross-task design was adopted to 
eliminate cross correlation between the control and aro-
ma touch conditions. 
 

 
Figure 1. The study protocol. A cross-task design was adopted to 
eliminate the influences of the carry-over effects of essential oil. 
Subjects were interviewed to clarify their temperament using glob-
al scale for depression (GSD) and state-trait anxiety inventory form 
JYZ (STAI). Then, they were required to undergo three cold pres-
sor task (CPT) exposures under different conditions: baseline (the 
baseline condition with no therapy), control [touch with placebo 
(sesame oil)], and aroma touch. Pain ratings were evaluated using 
Numerical Rating Scale (NRS) at every 30 s during CPT. Psycho-
logical evaluations for emotional responses using visual analogy 
scale (VAS) were performed in the rest durations. In the entire 
experimental period, spontaneous electroencephalogram (EEG) 
and near-infrared hemoencephalogram (NIR-HEG) were record- 
ed. 
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3. Statistical Analysis 
To discuss statistical significance, we adopted paired 
t-test. The significance level was set at 0.05. Calculations 
were performed using SPSS 20.0. To discuss statistical 
dependence, we used Spearman’s rank correlation coef-
ficient and Pearson’s correlation coefficients. Signific-
ance was based on the critical value table where critical 
correlation coefficients to satisfy the significance level of 
0.05 are given for each sample size. 

4. Results 
4.1. Subjective Ratings of Chronic Pain 

Grand-averaged subjective dynamic responses to pain are 
shown in Figure 2(a) for the three procedural conditions 
(baseline, control, and aroma touch). In all of the res-
ponses, the pain ratings similarly exhibited an increase to 
a peak within a few minutes, and then a gradual decrease. 
However, pain relief dominance was maintained during 
the entire period under the painful stimuli such that the 
aroma touch condition was the first, the control condition 
was the second, and the baseline condition was the third. 

Such dynamic responses were characterized by their 
maximum and final pain ratings, which were statistically 
analyzed (Figure 2(b)). Results show that the pain-relief 
effects of the aroma touch condition were always supe-
rior final pain ratings (P < 0.01). The control condition 
also exhibited similar to those of the baseline condition 
in both maximum and superiority in pain relief to the 
baseline condition (P < 0.05) in both maximum and final 
pain ratings. However, it did not exhibit any significant 
difference in the pain-relief effects compared with the 
aroma touch condition.  

Because grand averages may cancel the subject-depen- 
dent specific aspects of the dynamic responses to pain, 
we categorized the subjects into three groups according 
to the final pain ratings: a strong pain relief group exhi-
biting final pain ratings of 0 - 1, a moderate pain relief 
group with final pain ratings of 2 - 4, and a mild a pain 
relief group with final pain ratings of 5 - 6. The data cor-
responding to the final pain ratings >7 were not consi-
dered for this categorization. Such classification schemes 
according to pain ratings are considered useful for clini-
cal practices including symptom assessment [69].  

For each of the procedural conditions, dynamic res-
ponses to pain were exhibited for the three groups, as 
shown in Figure 2(c). Independently of the procedural 
conditions, the moderate and mild pain relief groups 
represented a response pattern similar to that for the 
grand averages. In contrast, the strong pain relief group 
exhibited extreme pain-relief effects according to the 
pain relief dominance as described above. 

In the strong pain relief group, we found the analgesic 
effects of aroma touch in some subjects. These effects 
not only reduced maximal pain ratings but also provided 
complete pain-free states (NRS = 0) at the end of CPT 
(Figure 3). 

4.2. Correlation of Pain Ratings with  
Temperament and Emotional Responses  
to Pain 

We first examined how temperament scale scores affect 
pain ratings. The maximum and final pain ratings versus 
GSD total scores are shown in Figure 4(a) for the three 
procedural conditions. For the aroma touch condition, a 
negative correlation was observed between the GSD total 
scores and maximum pain ratings (rs = −0.65, P < 0.05) 
as well as between the GSD total scores and final ratings 
(rs = −0.58, P < 0.05) (Figure 4(a)). 

We also examined how anxiety scale scores affect pain 
ratings. While no correlation was observed between the 
trait anxiety and pain ratings, a negative correlation was 
observed between the state anxiety and maximum pain 
ratings (rs = −0.72, P < 0.01) only for the control condi-
tion and a negative correlation was observed between the 
state anxiety and final pain ratings (rs = −0.55, P = 0.52) 
(Figure 4(b)). 

Consequently, these temperamental factors exhibited a 
tendency to provide high pain relief effects for those who 
had lower averaged DBN indices, while statistical signi-
ficance was completely obtained for all the factors. 

We furthermore investigated emotional responses to 
pain. Figure 5 shows a series of emotional scale scores 
for the different pain relief groups. The scores were 
compared among the three procedural conditions. In the 
strong pain relief group, aroma touch seemed to induce 
emotional states to the condition specified by “pleasant” 
for the valence scale, “awaking” for the arousal scale, 
and “sedation” for the stability scale. In contrast, in the 
mild pain relief group, aroma touch seemed to induce 
“sedation” and “sleepiness.” These emotional responses 
to pain did not reach any statistical significance. 

4.3. Occipital EEG Alpha-2 Power Responses to  
Chronic Pain Stimuli 

In a typical dynamic response to chronic pain imposed by 
the painful stimuli administered in CPT, the occipital 
EEG alpha-2 power as a DBN activity index exhibited a 
transient sharp increase to a peak within a few minutes 
after CPT began, and then a prompt decrease, as shown 
in Figure 6.  

To objectively evaluate the correlation between pain- 
relief effects and DBN activity, we adopted an average 
DBN activity index, which is defined as an overall DBN    
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(a)                                                         (b) 

 
(c) 

Figure 2. General aspects of changes in pain rating during cold pressor task (CPT) under the three procedural conditions of 
the baseline, control, and aroma touch. Pain ratings were numerically evaluated using the numerical rating scale (NRS), 
which ranged from 0 to 10, and these scores are assigned according to the declaration made by the subjects. (a) 
Grand-averaged temporal changes in pain ratings(mean ± standard error). (b) Test of significance in pain-relief effects for 
the three procedural conditions evaluated using maximum and final pain rating scores in the temporal changes in pain rating 
(paired t-test). (c) Individual evaluations of temporal changes in pain rating during CPT duration for the three groups: a 
strong pain relief group (final pain ratings in a range of 0 - 2), a moderate pain relief group (3 - 4), and mild pain relief group 
(5 - 6). Data of a group with pain ratings of >7 were not used for this evaluation because the group did not show any 
pain-relief effects compared with their initial pain ratings when CPT began (mean ± standard error). 
 

 
Figure 3. Temporal changes in pain rating exhibited by an 
extraordinary case that developed complete pain-free states 
(Analgesia) in the final stage of the cold pressor task. Pain 
ratings under the three conditions in a subject from the 
strong pain relief group. 
 
activity derived from the occipital EEG alpha-2 rhythm 
powers processed by the moving average technique dur-
ing the 5-min CPT. Figure 7 shows the maximum and 
final pain ratings as a function of the average DBN activ-
ity index. In each of these two cases, we found extraor-
dinary correlations exhibiting a V-shaped curve in the 

maximum/final pain ratings versus the average DBN 
activity index. Such correlations were attributed to the 
fact that the effects of chronic pain relief were positively 
correlated with DBN activity in the regions with lower 
DBN activities, whereas the effects were negatively cor-
related with DBN activity in the regions with higher 
DBN activities. These correlations provided higher ab-
solute correlation coefficients (r > 0.8) with significance 
(P < 0.001) particularly for the final pain ratings. 

4.4. Neurophysiological Evaluation of a  
Complete Pain-Free State Induced by  
Aroma Touch Therapy 

We found that a complete pain-free state can be obtained 
by aroma touch therapy, as shown in Figure 3. We here 
measured neurophysiological responses under such an 
analgesic state. Figure 8 shows the dynamic responses of 
DBN activity evaluated by occipital EEG alpha-2 rhythm 
powers and the corresponding regional blood flows at the 
center of a subject’s forehead evaluated by NIR-HEG for 
the three procedural conditions. For both the baseline and 
control conditions, DBN activity remained lower, while  
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(a) 

 
(b) 

Figure 4. Temperament scale dependences on maximum and final pain ratings, which characterize pain ratings during the 
Cold Pressor Task. The maximum and final pain ratings under the three conditions (baseline, control, and aroma touch) 
examined the correlation between the Global Scale for Depression (GSD) total score and the state anxiety total score (Spear-
man’s rank correlation coefficient. (a) Correlation between GSD and the pain, (b) Correlation between the state anxiety of 
State-Trait Anxiety Inventory (STAI)-form JYZ and the pain. 
 

 
Figure 5. Evaluation of emotional and temperament states during the cold pressor task for the three subject groups. The 
graphs display a strong pain relief group (final pain ratings of 0 - 2), a moderate pain relief group (3 - 4), and a mild pain relief 
group (5 - 6). The emotional states were evaluated using three emotional scales, including valence (from pleasant to unpleasant), 
arousal (from awaking to sleepiness), and stability (from sedation to agitation), and two temperament scales related to depres-
sion and fatigue. No significance was observed was between the emotional/temperament scales and procedural conditions. 
 
NIR-HEG responses exhibited an increase and remained 
higher after CPT began. Such NIR-HEG responses indi-
cated that the subjects surely felt pain. In contrast, for the 

aroma touch condition, DBN activity exhibited an ex- 
treme increase and the corresponding NIR-HEG re- 
sponses exhibited a significant decrease. The lower NIR-  
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Figure 6. A Typical dynamic response of the occipital EEG 
alpha-2 (10 - 13 hz) rhythm powers under the 5-min cpt 
painful stimuli. 
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Figure 7. DBN activity evaluated by occipital EEG alpha-2 
rhythm powers versus pain relief performances evaluated 
by maximum and final pain ratings during the cold pressor 
task. This figure shows the maximum and final pain ratings 
as a function of the average DBN activity index. Data from 
all subjects were superposed in the graphs, in which strong 
negative and positive correlations were found (Pearson’s 
correlation coefficients). The arrow shows the movement 
toward the direction that was believed to be the personal 
equivalent point. 
 
HEG confirmed that the subjects did not feel any pains. 

5. Discussion 
We investigated the pain-relief effects of aroma touch 
therapy with Citrus junos oil for cold pressure-induced 
chronic pain. We found a strong correlation between the 

pain-relief effects and DBN activity that was estimated 
by occipital EEG alpha-2 rhythm powers independently 
of emotional changes. We also found that aroma touch 
therapy optimally modulates DBN activity to obtain 
maximal analgesic effects. 

5.1. How DBN Activity Is Changed by the  
Pain-Relief Effects of Aroma Touch  
Therapy? 

The results of the positive correlation between the pain 
ratings and the DBN activity index agreed with the pre-
diction by the previous studies on activation of the tha-
lamus for chronic pain relief. However, the negative cor-
relation was not expected based on the hypothesis. Many 
factors may contribute to providing such characteristics 
of the correlation. A promising factor is the dual pathway 
for transmitting signals of chronic pain. Nociceptive pain 
stimuli may activate an acute pain pathway related to the 
spinothalamic tract well as a dull pain pathway related to 
thalamic intralaminar nuclei. The former deteriorates 
pain-relief effects, while the latter alleviates chronic pain 
sensations, as we expect. The total pain ratings evaluated 
by the sum of the two pain sensations represents such 
V-shaped curves. 

We also found that aroma touch therapy did not al-
ways increase DBN activity. This means that DBN activ-
ity was increased in the region with lower DBN activity, 
while it was decreased in the region with higher DBN 
activity. However, pain ratings were always decreased 
along the V-shaped curve by aroma touch therapy. Al-
though such DBN behaviors may be explained on the 
basis of the balance of monoaminergic systems, the true 
mechanism must be clarified in future studies. 

5.2. Which Is Dominant, DBN Activity or  
Emotional Effects in Chronic Pain Relief? 

While correlations between emotional responses and pain 
ratings were consistent for the three procedural condi-
tions (baseline, control, and aroma touch), strong correla-
tions between DBN activity and pain ratings, exhibiting a 
V-shaped curve, were observed. These findings indicate 
that DBN activity is dominant for chronic pain relief in-
dependently of emotional responses. Emotional respons- 
es changing to “pleasant” and “awaking” are non-es- 
sential for pain relief and are merely associated with in-
creasing DBN activity. 

6. Limitations 
The study sample was small and lacked homogeneity of 
subjects. Notwithstanding these limitations, the neural 
mechanism of chronic pain relief based on DBN activity, 
as indicated by the findings, will be essential for predict-
ing subject-dependent pain relief performances. Further  
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Figure 8. Dynamic responses of DBN activity evaluated by Occipital EEG Alpha-2 Rhythm Powers and corresponding re-
gional blood flows evaluated by Near-infrared Hemoencephalogram (NIR-HEG) signals during the Cold Pressor Task (CPT). 
The X-axis represents time in min, the closed bar on the X-axis indicates the duration of CPT, and 0 min indicates the start-
ing point of CPT. 
 
studies of such mechanisms should aim to determine 
methods to relieve chronic pain in cancer patients. 

7. Conclusions 
We investigated the analgesic effects of aroma touch 
therapy. We found that the pain-relief effects are strongly 
correlated with DBN activity, and are evaluated on the 
basis of the slow fluctuation components of occipital 
EEG alpha-2 (10 - 13 Hz) powers independent of emo-
tional changes. We found that the correlation exhibits a 
V-shaped curve; that the pain ratings decrease with in-
creasing DBN activity in the region with lower DBN 
activity, while they increase with decrease in DBN activ-
ity in the region with higher DBN activity. We also 
found that the V-shaped curve provides an optimum con-
dition that can induce complete pain-free states. 

Notwithstanding that neural mechanisms must be eli-
cited for explaining such a strong correlation between 
DBN activity and the pain-relief effects, objective evalu-
ation scheme using the DBN activity will be a powerful 
tool for investigating a wide variety of clinical effects of 
aroma or aroma touch therapies. 
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	Aromatherapy provides various practical therapies ranging from simple inhalation of an essential oil to a complicated aroma massage. Aroma touch is a type of massage, but the use of essential oils distinguishes it from original forms defined as “manua...
	Many studies have investigated chronic pain, as a target of aromatherapy, to elucidate neural mechanisms. To explain how chronic pain conditions are formed even in the absence of afflicted body parts, a concept of the Pain Matrix is proposed by Melzac...

	We also found that aroma touch therapy did not always increase DBN activity. This means that DBN activity was increased in the region with lower DBN activity, while it was decreased in the region with higher DBN activity. However, pain ratings were al...
	While correlations between emotional responses and pain ratings were consistent for the three procedural conditions (baseline, control, and aroma touch), strong correlations between DBN activity and pain ratings, exhibiting a V-shaped curve, were obse...

