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Abstract

Background: Depression and anxiety are the most com-
mon mental disorders in Israel. Current pharmacological
treatments are frequently insufficient in reducing symptoms,
particularly for treatment resistant depression and anxiety.
Considerable evidence has accumulated in clinical settings
and research studies both with animals and humans that
has implicated the involvement of the primary and secon-
dary somatosensory and insular cortices with the regula-
tion of emotions. Awareness deficits and irregularities of
sensory experiences in the form of decreased interoceptive
awareness and accuracy in both depression and anxiety
have been linked to symptomology and symptom intensity
which has this why this area should be a target for interven-
tion. Nonetheless, there is a paucity of research on the ef-
fects of discriminatory somatosensory tactile stimulation on
symptoms of depression and anxiety. The current pilot stu-
dy aims to examine the efficacy and safety of the Repetitive
Triggered Somatosensory Discrimination Device (RTSDD)
in the treatment of depression and anxiety.

Methods: The present open-label pilot study included 30
outpatients diagnosed with major depressive disorder ac-
cording to the DSM-V. The Hamilton Depression Rating
Scale-21 (HDRS-21), the Hamilton Anxiety Rating Sca-
le (HAM-A) as well as the Vision Analog Scale (VAS) for
anxiety and depression were used for the evaluation of the
severity of symptoms. A specialized device was developed
called the Repetitive Triggered Somatosensory Discrimina-
tion Device (RTSDD) was utilized that provides tactile vi-
bratory signals to the skin, foot, hand or palm at varying in-
tensities. The device was linked to a computer program that

controlled the gradual increase of somatosensory discrimi-
nation during each of the total 8 sessions of treatment.

Results: Out of 30 participants, 21 (70%) completed the
trial. The mean general severity of depression (HDRS-21)
was reduced from 19.48 (SD = 5.49) at baseline to 14.86
(SD = 8.29) at week 4 and to 12.67 (SD = 8.20) at week 8.
The reductions were found to be statistically significant for
all measurements (F (2,40) = 9.756, P < 0.001). The mean
level of anxiety (HAM-A) was reduced from 26.09 (SD =
9.59) to 22.95 (SD = 12.55) at week 4 and to 19.19 (SD
= 11.57) at the final stage (F (2,40) = 5.796, P = 0.006).
The mean VAS Depression level was significantly reduced
from 53.15 (SD = 24.52) at the beginning of each session
to 43.84 (SD = 24.49) at the completion of each session (t
(29) = 4.028, P < 0.001). The VAS Anxiety level was also
subsequently significantly reduced from 53.62 to 42.47 (t
(29) =4.537, P < 0.001).

Limitations: The study was an open-label design with no
control or placebo group and a relatively small number of
participants.

Conclusions: The current study provides proof of concept
for the use of the RTSDD in the treatment of depression
and anxiety.

Highlights

» Awareness deficits and irregularities of sensory experien-
ces in the form of decreased interoceptive awareness and
accuracy in both depression and anxiety have been linked
to symptomology and symptom intensity which is why this
area should be a target for intervention.
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* There is sufficient support within the literature for the po-
tential use of discriminatory tactile stimulation to modulate
symptoms of depression and anxiety, particularly for patien-
ts unresponsive to conventional treatments.

» The current initial pilot study shows promising results for
the use of the Triggered Somatosensory Discrimination De-
vice in the treatment of depression and anxiety.

Introduction

Depression and anxiety are the most common
mental disorders in Israel with a reported combined
life-time prevalence rate of 17.6% [1]. Physical, mental,
and social well-being are all severely impacted by these
chronic conditions and the World Health Organization
has projected that they are likely to become the second
leading cause of disability worldwide [2]. There is
usually significant comorbidity and overlap between
both major depression and anxiety [3-5]. While there
are a large variety of treatments for both conditions,
unfortunately first line treatments are often not
effective enough in bringing about a complete relapse
or in reducing symptoms to manageable levels [3,6,7].
While anxiety has been shown to respond better to
treatment overall than depression, both disorders can
often require as many as 5 stages of treatment, and
sometimes even multiple simultaneous treatments
for individuals who are considered to have Treatment
Resistant Depression (TRD) [3,6-8]. It is therefore self-
evident that there is a need for alternative treatments
that can increase effectiveness in relapse prevention or
symptom reduction in the contexts of monotherapy or
add-on therapy for this population.

Various regions of the brain which are responsible
for the receiving and processing of sensory experiences
from the body including tactile attention, sensorimotor
integration, and pain have also been identified in the
generation, identification, and regulation of emotions
including the primary and secondary somatosensory
cortices, the cingulate cortices, and the anterior insula
cortex[9-12]. Thestrong connectionthat hasconsistently
been found between somatosensory experiences and
emotional and cognitive processes has formed the
basis of several theories of emotion [13-15]. It has
therefore been suggested that interoceptive processes,
or the awareness of one’s inner body states and overall
somatosensory experience, are an essential component
of emotional regulation by modulating approach and
distancing behaviors, thereby assisting to maintain or
regain homeostasis (i.e, the stabilization of internal
states) [16,17]. Indeed, considerable evidence has
accumulated regarding functional as well as structural
changes of the somatosensory cortex, cingulate cortices,
insula hypo and hyper-connectivity, as well as pervasive
disconnections between the anterior insula cortex and
attentional networks in patients with depression and
anxiety [17-22].
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When thoughts are left undirected they may
contribute adversely to the preoccupation of abnormal
subjective experiences such as increased bias toward
negative self-views or increased attentional biases
towards threats, reinforcing inaccurate beliefs towards
interoceptive signals [17,23]. This dysregulation of
emotion can be a hallmark of depression and anxiety
and may have profound effects on one’s health,
accordingly, it would appear that interventions that
promote somatosensory integration through increased
interoceptive awareness, accessibility, and tolerability
could contribute significantly towards improving this
[24]. It is plausible that by actively directing thoughts
towards interoceptive processes the functional
mechanisms for emotional regulation can be restored.
This is possible since, as previously mentioned, the same
path of attention and awareness of one’s emotions that
exists for emotional regulation seems to be intimately
linked with awareness of body states [16]. Accordingly,
sensorimotor activation has been one of the suggested
approaches for regulating mood, particularly for
depression [25].

Considerable evidence has accumulated in clinical
settings and research studies both with animals and
humans that has supported a bottom-up approach
whereby hypo- or hyper-activation of the sensory or
motor systems through external manipulations can
impact depressive symptoms including visual, auditory,
and olfactory stimuli and even taste [25]. There is
one study that found that multisensory stimulation,
which included a form of tactile stimulation among
others, significantly reduced depression and anxiety
among nursing home residents [26]. Several rat studies
have shown reduced depression-like and anxiety-
like behaviors, HPA axis modulation, increased GFAP
signaling, and regulation of neurotrophic factors,
following tactile stimulation [27,28]. Other interventions
aimed at promoting sensory discrimination and cortical
reorganization have been shown to reduce levels of pain
and discomfort in neurological pathologies, somatic
tinnitus, and cerebral palsy [29-31], but there is a
paucity of research on interventions that systematically
utilize tactile stimulation as an adjunct treatment for
depression and anxiety despite the strong theoretical
foundation that exists [25].

The current pilot study seeks to provide proof of
concept for a specialized device known as the Repetitive
Triggered Somatosensory Discrimination  Device
(RTSDD) as an adjunct treatment for TRD and anxiety.
Our hypothesis was that somatosensory discriminative
activation through tactile vibratory stimulation would
significantly reduce symptoms of depression and
anxiety as an adjunct treatment for patients with TRD.

Participants

The current study was approved by the Research
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Ethics Board of the Jerusalem Mental Health Center
and was conducted in accordance with the Declaration
of Helsinki. All participants provided written consent
to participate in the study after receiving detailed
explanations of the study and its procedures, along with
any potential risks.

Subjects were recruited from The Jerusalem Mental
Health Center inpatient and outpatient clinics, as well
as from the general community through advertisements
in local magazines, newspapers, and the internet.
Participants were required to be between 18-75 y.o.,
capable of giving consent and participating in 8 bi-
weekly treatment sessions. They were also required
to have met DSM-V criteria for major depressive
disorder as assessed by a professional clinician and
have persistent and significant depressive symptoms
as defined by a score a 15 or higher on the Hamilton
Depression Rating Scale (HAM-D). All subjects were
required to have a history of failed treatment responses
to at least 3 antidepressant trials, meeting the Stage IlI
definition of TDR according to Rush [6]. This higher level
of treatment resistance was used to compensate for the

lack of a control group in the current study design in
order that any potential symptom reduction could be
more attributable to treatment effects. Subjects were
included in the study regardless of whether they were
currently on anti-depressant and anxiolytic treatment,
but they needed to be sufficiently stable so that no
changes to their treatment would be made during
the study, as this would not be allowed for the entire
duration of the study. Subjects were excluded if they
were pregnant, had a prior medical history of skin
problems, showed marked suicidality with a score of 4
or more on the Columbia Suicide Severity Rating Scale
(CSSR-S), or presented with any acute physical illness
that could interfere with study participation.

A total of 30 subjects were recruited, of which 16
were female (53%) and 14 were male (47%). 23 subjects
(76.6%) were being treated in outpatient clinics and
the remaining seven subjects (23%) were inpatients.
The mean age was 50.3 £ 11.97 y.o. and the mean
level of education was 14.76 + 5.03 years of education.
The overall mean duration for major depressive
disorder among the participants was 12.97 + 11.21

Estimated Marginal Means of MEASURE_1
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years. 12 patients (40%) had a history of at least one
hospitalization and eight patients (26.6%) had a history
of multiple hospitalizations. Three patients had been
unsuccessfully treated through ECT and one patient was
unsuccessfully treated through TMS prior to entering the
study. 26 patients (87%) were being treated with SSRls
during the study and no adjustments were made until
after they completed their participation. Four patients
(13%) were not taking any medication or receiving any
other forms of treatment, and this remained the case
until after they completed the study.

Method and Device

The repetitive triggered somatosensory discrimi-
nation device (RTSDD)

A specialized device was developed by Shoshani
[32] which we will refer to as The Repetitive Triggered
Somatosensory Discrimination Device (RTSDD) that
provides tactile vibratory signals to the skin, foot, hand
or palm at varying intensities. The current study utilized
only the foot as a stimulation target. The device consists
of 2 pairs of retractable moving bars which enable
controlled tactile stimulation of the body (Figure 1 and
Figure 2). The minimal two-point touch proximity of

the bars from the foot is about two centimeters. The
device is connected to an external computer program
that increases and decreases the proximity of the bars
to the foot from ten to two centimeters based on pre-
programmed parameters. The bar’s total pressure on
the skin is up to 65 pascal/kg. Patients lie on a bed
with their foot slightly off the edge of the bed in close
proximity and in precise alighment with the device. An
initial test is done at the beginning of each treatment
session to determine the touch threshold for each
patient, and adjustments are made accordingly to
allow for maximum sensory discrimination. Treatments
included a total of eight bi-weekly sessions of twenty
minutes (ten minutes for each foot).

The study’s primary endpoints of depression and
anxiety were assessed by The Hamilton Depression
Rating Scale-21 (HDRS-21) [33], the Hamilton Rating
Scale for Anxiety (HAM-A) [34] as well as the Global
Anxiety-Visual Analog Scale (GA-VAS) [22] and
Depression Visual Analog Scale (D-VAS).

VAS scales for depression and anxiety were
administered before and immediately after each
treatment session. The HDRS-21 and HAM-A were
administered at 3 different time points: 1) Baseline; 2) 4

Estimated Marginal Means of MEASURE_1

1 (Blue) = Before; 2 (Green) = After
Figure 2: VAS Anxiety.
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weeks after treatment; and 3) 8 weeks after treatment.

Results

21 patients (70%) completed the study. Out of nine
patients who did not complete the study, three dropped
out due to technical problems (busy schedule, transport
problems, and family problems), and six patients
reported no improvement and decided to withdraw
at different stages. The HDRS-21 and HAM-A scores of
these cases were excluded from the statistical analysis
but the VAS rates of depression and anxiety before
and after the treatments were included. The overall
number of procedures per patient was 198. A total of
46 treatments were given to the patients who dropped
out before the conclusion of the study.

No adverse events were reported during the
course of the study with the exception of one female
patient who reported "a general feeling of burning in
the body” that began a few hours after the procedure
which resolved within 48 hours and did not require any
medical intervention.

The results were analyzed by ANOVA Repeated
Measures. The mean general severity of depression was
19.48 (SD = 5.49) at baseline, 14.86 (SD = 8.29) at week
4,and 12.67 (SD = 8.20) at week 8. The differences were
found to be statistically significant for all measures (F
(2,40) =9.756, P < 0.001).

The mean level of anxiety was 26.09 (SD = 9.59),
22.95 (SD = 12.55) at week 4, and 19.19 (SD = 11.57) at
the final stage of treatment. The differences were also
statistically significant for all measurements (F (2,40) =
5.796, P = 0.006).

The VAS measurements

The evaluations of the levels of depression and
anxiety that were obtained from the patients before and
after each session were analyzed by both Paired Sample
T-Tests and ANOVAs (Two Way Repeated Measures).

Paired sample T-Test

The mean D-VAS level was significantly reduced from
53.15 (SD = 24.52) pre-treatment to 43.84 (SD = 24.49)
post-treatment (t (29) = 4.028, P < 0.001). The GA-VAS
Anxiety level was also significantly reduced from 53.62
to 42.47 (t (29) = 4.537, P < 0.001).

ANOVA repeated measures two way

Twofactorswereanalyzed: 1) Duration,orthenumber
of weeks (8 grades); and 2) The level of psychopathology
before and after every session (2 grades). For D-VAS the
duration was statistically significant (F (7,126) = 2.907,
P = 0.007). There were similar findings for levels of
psychopathology before and after each session (F (1,18)
= 17.134, P = 0.001). No correlation between the two
factors was observed (F (7,126) = 0.725, P = 0.651, NS).
This is indicative of the stability of the improvement
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throughout the treatment (Figure 1).

There were similar findings for the GA-VAS scale. The
duration factor was found to be significant (F (7,26) =
2.692, P = 0.012) and differences in psychopathology
levels before and after were also highly significant (F
(1,18) = 21.823, P < 0.001). The correlation between
the two factors was nonsignificant (F (7,126) = 0.374,
P = 0.916, NS), This, again, underlies the stability and
the anxiolytic effect of the device during the 8 weeks of
treatment (Figure 2).

Discussion

The results of the current pilot study provide proof
of concept for the use of the RTSDD in the treatment
of treatment resistant depression and anxiety. Our
findings indicate significant reductions of symptoms of
depression and anxiety that remained stable over the
course of the treatment with minimal side-effects.

These findings provide support for the use of
somatosensory stimulation and discrimination as
a means of effectively modulating symptoms of
depression and anxiety. This is consistent with the body
of research that has linked somatosensory processing
with emotional regulation [9-12], and it provides support
for a bottom-up approach towards the treatment for
depression and anxiety utilizing unisensory inputs of
stimulation [25]. It also may shed additional light on the
role of interoceptive awareness and accuracy, as well as
disrupted attentional resource allocation, in depression
and anxiety.

As we have mentioned previously, numerous
areas of the brain, such as the primary and secondary
somatosensory cortices, are involved both in processing
somatosensory experiences as well as emotions [9-11],
but the area that seems to be especially relevant to our
findings are the insula cortices, especially the anterior
insula cortex that, in conjunction with the anterior
cingulate cortex, serves as a central processing hub for
both somatic and emotional experiences [15,35,36],
which are frequently intrinsically linked with one
another and considered by some to be the neural basis
for feeling states [14,16,37]. The insula has also been
explicitly implicated as the epicenter for interoceptive
awareness and human awareness in general [11,38,39],
and insula hypo- and hyperconnectivity with the
amygdala have been reported for both major depression
and anxiety [20], and has been shown to be predictive
of depression severity [21]. Both discriminative as well
as affective aspects of touch, particularly stroking and
vibration, have been found to be processed in the insula
cortex [35]. In the current study we relied on artificial
vibration as the means for tactile stimulation, due to its
being highly discriminatory, particularly because it has
been found to be relatively valence neutral. This specific
type of non-affective stimulation has been found to
have the greatest impact on the down regulation of the
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Default Mode Network (DMN) of the brain that has also
been known to play a significant role in mood disorders
[35,40], particularly in patients who do not respond well
to anti-depressant treatment [20].

Another possible explanation of our findings is
that discriminatory sensory stimulation increased
interoceptive accuracy, which has been found be linked
to both symptoms of depression as well as anxiety
[17], with research specifically indicating a negative
correlation between levels of interoceptive accuracy
and depression [41]. Increased interoceptive awareness
and accuracy have been shown to downregulate
affect-related arousal, which in turn allows for the
implementation of more successful emotional regulation
strategies such as cognitive reappraisal [16,42]. In this
contextitisalso possible that suppression and avoidance
of negative physiological and emotional experiences, a
highly maladaptive response which often characterizes
some of the psychopathology of patients suffering
from depression and anxiety [42,43], are replaced
with acceptance and non-reactiveness which leads to
improved emotional regulation and health [24,44].
This is consistent with the model developed by Paulis
[17] that emphasizes deficits in interoceptive reporting
as well as disproportionate responses to negatively
valenced stimuli as the fundamental dysfunctions in
depression and anxiety.

Disrupted attentional resource allocation, particularly
in switching between interoceptive and exteroceptive
signals, has also been associated with depression and
anxiety [23,45]. This is another way of understanding
the mechanisms responsible for the effects of
our intervention particularly with TRD. Enhanced
somatosensory attention may produce a gating effect for
external and internal stimulus. Depressed and anxious
individuals are often unable to re-orient their attention
away from distracting negative information towards
goal-relevant information [46]. This is further enhanced
through a reciprocal effect whereby low mood impairs
attention and impaired attention further increases low
mood [46]. Additionally, it has been shown that low
mood can significantly impair individual capacity for
active problem-solving and other effective strategies
of emotional regulation [43,47]. Improved parameters
of attention have therefore been indicated as a means
towards substantial improvement in symptomology and
overall quality of life [46]. This is consistent with studies
that have indicated that improvements in alertness
and divided attention have predicted better treatment
responses in depressed individuals [48].

There are several limitations to the current study.
First, our study design did not include a control group
that would significantly increase the reliability of our
findings. For this reason, we included individuals that
were classified as having tier 3 treatment resistant
depression which would make improvements in
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symptomology highly unlikely by time alone, but the
placebo effect is still a significant confounding factor
and one we could not control for. Our sample size
was adequate for a pilot study but larger numbers are
necessary to sufficiently support the treatment effect as
well as to confirm the safety profile of the intervention.
The lack of treatment blinding and drop-out rate are
additional considerations. Future research will be
necessary to overcome these limitations.

In summary, the findings of the current pilot study
provide proof of concept for the efficacy and safety of
the RTSDD in the modulation of symptoms of depression
and anxiety. Treatment effects were stable over time
and the device has shown to have an excellent safety
profile. Large double-blind studies will be the necessary
next step for establishing efficacy and safety for this
device.
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