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Abstract

Background/Aim: To compare the effects of Dyang sensory stimulation (DSS) and foot reflexology (FR) on the level of consciousness and
physiological parameters in intensive care unit (ICU) patients with disorders of consciousness (DOC).

Methods: This randomized controlled trial used a three-arm parallel design and included 60 adults in the ICU with disorders of
consciousness (Glasgow Coma Scale [GCS] score ranging from 3 to 7) admitted to a university hospital in Iran (2024—2025). Patients were
randomly allocated in a 1:1:1 ratio to receive Dyang sensory stimulation (DSS), foot reflexology (FR), or routine care using block
randomization and allocation concealment. The interventions were provided for 10 minutes twice per day for 7 consecutive days. The
primary outcome of the study was the improvement in the total GCS score from baseline to 7 days. GCS sub-scale scores and physiological
parameters were recorded as secondary outcomes. A paired t-test, analysis of variance (ANOVA), and analysis of covariance (ANCOVA)
were applied for data analysis using SPSS version 24, with a significance level set at a=0.05.

Results: It was observed that there was a great improvement in total GCS in all three groups: DSS (from 5.35+1.32 to 7.17+2.76; p=0.018),
FR (from 4.57+1.30 to 6.84%2.71; p=0.002) and control group (from 5.45+1.46 to 6.65+2.51; p=0.008). Whereas some level of
improvement in GCS was shown in all three groups, there was no significant difference between groups in mean GCS change (ANOVA
p=0.420; ANCOVA p=0.602). The results indicate that there was a significant decrease in systolic BP in the FR group, but the difference
between groups in systolic BP was not statistically significant. There were no adverse effects noted.

Conclusion: DSS and FR procedures were shown to be effective in the treatment of patients and led to visible improvements in GCS in
patients in three groups during the study; however, neither group showed any type of advantage during the research. The results of the
research create the basis for conducting further studies of the phenomenon.
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Introduction

Disorders of consciousness (DOC), which comprise
coma as well as the vegetative state and minimally
conscious state, are prevalent and grave effects of severe
acute brain injuries resulting from neurological,
traumatic, and vascular causes™?. Around 20 million
cases of impaired consciousness are recorded in
hospitals in different countries per year?, with the annual

rates of coma incidence reaching 135 and 258 per
100,000 people, respectively, in the UK and USA*. The
management of DOC patients in ICUs is difficult:
pharmacological agents that are used to restore
consciousness show varying effectiveness, and complex
neurostimulation methods need specialized equipment,
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which is absent in most under-resourced parts of the
world>®,

Sensory stimulation is an easily applied, non-medical
adjunct to basic ICU treatment for DOC patients. The
concept is based on the principles of Hebbian
neuroplasticity: continuous multimodal sensory input is
believed to activate the ascending reticular activating
system, enhance synaptic connectivity in the
corticothalamic system, and facilitate neurorecovery’®,
Various modalities have been studied, including
auditory stimulation, tactile stimulation, olfactory
stimulation, visual stimulation, and motion stimulation®.

The Dyang sensory stimulation (DSS) strategy involves
a combination of five different sensory modalities,
including olfaction, vision, audition, touch, and
kinesthesia, in a simple bedside session that was first
evaluated by Mohammadi et al. (2022), leading to a
significant rise in GCS level when the duration of DSS
is extended (up to 60 minutes, 2 times a day). Foot
reflexology (FR) refers to a method aimed at exerting
pressure on reflex points on the foot, and it is proposed
that this techniqgue may affect the activity of the
autonomic nervous system and enhance blood flow to
certain regions of the brain using neurohormonal
mechanisms. In another randomized controlled trial,
reflexology was tested in relation to anxiety in patients
undergoing coronary angiography; however, the
participant pool and outcome are different than those
described in this paper.® Bahonar et al. (2019)
demonstrated that FR combined with nature sounds
significantly improved GCS scores and hemodynamic
parameters in comatose patients®.

Despite growing interest, comparative evidence directly
comparing different structured sensory stimulation
protocols remains absent. Prior trials have been limited
by single-arm designs, absence of active comparators,
inadequate allocation concealment, and open-label
outcome assessment, precluding definitive efficacy
conclusions®®®, The present trial was therefore designed
to address this gap by directly comparing DSS versus
FR versus standard ICU care in a rigorously blinded
randomized design. The first goal was to determine
whether GCS total score improvement differed
significantly between DSS or FR and standard care
within seven days. Secondary aims included assessing
changes in GCS subscale scores, physiological
parameters, and intervention safety.

Materials and Methods

Study Design and Setting

We conducted a three-arm, parallel-group randomized
controlled trial in the Intensive Care Unit (ICU) of a
university hospital (four ICU wards) in Iran between
January 2024 and April 2025. The institute’s Ethics
Committee approved the trial
(IR-KAUMS.MEDNT.REC.1402.104), and it was
prospectively registered in the lIranian Registry of
Clinical Trials (IRCT20230903059339N1). The
processes were all performed in accordance with the
Declaration of Helsinki and the CONSORT 2010
Statement&17,

Participants

Inclusion requirements: an individual aged between 18
and 65; admission to an intensive care unit for over 72
hours; presence of a neurologic cause of loss of
consciousness confirmed by a physician; total Glasgow
Coma Scale (GCS) score ranging from 3 to 7,
mechanical ventilation; no leg fractures or skin
conditions that would prevent safe delivery of treatment;
and no serious pre-existing hearing or vision problems.
Exclusion requirements: guardian revoked the consent;
death or transfer during the week of study; planned
surgical procedure; seriousness of the health condition
that would interrupt protocol. The data collected during
the session were not used for the analysis if the
participant had been given any sedative or painkiller in
the two hours before the session.

Sample Size

Sample size was calculated as per parameters in Charan
and Biswas'® and with information from the prior ICU
massage trial by Vahedian-Azimi et al.? regarding the
estimated clinical effect. Estimates assumed a between-
group GCS difference of at least 2 points, an
approximate pooled standard deviation of 2.4, a 2-sided
a of 5%, and 90% power, which gave a minimum of 17
participants per group. With 15% attrition, the target
was raised to 20 participants per group (N = 60).

Randomization and Allocation Concealment

The allocation sequence was developed by an
independent biostatistician utilizing specific software
based on balanced block randomization (block sizes of
4 and 6). The allocation sequence was organized to
ensure the therapeutic groups were randomized by DOC
etiology and in a 1:1:1 ratio. The allocation sequence
was kept in envelopes numbered sequentially, made
from opaque, lockable, bend-proof material. The closing
of the envelope occurred when the enrollment nurse
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opened it
intervention.

immediately before the start of the

Masking

Masking was maintained for outcome assessors and data
analysts. Outcome assessors were independent ICU
nurses who were not involved in intervention delivery
and had no access to allocation records or intervention
logs. The biostatistician analyzed a coded dataset, with
group labels disclosed only after completion of the
planned analyses.

Interventions

All procedures were executed on a 9 am to 12 pm and 3
pm to 6 pm timetable over a seven-day hospital stay,
with a registered nurse with no less than two years of
experience in an intensive care unit performing the
procedures while ensuring privacy. In cases where GCS
achieved 15 before the seventh day, procedures were
discontinued. Should a subject be transferred during
hospitalization, the procedure continues at the new
location and respective medical staff office?

For the DSS (Arm A) there were five defined stimuli
occurring within each 10 minute period: (1) odour: a
cotton ball soaked with a rose fragrance was held up to
the nose for five seconds twice; (2) vision: an
appropriately calibrated lamp was held at the distance of
30 cm from each eye for two seconds for each eye in
three cycles; (3) hearing: calling the name of a patient at
a volume measured at 60-70 dB at a distance of 10 cm
from each ear along with orientation information (the
date and the place), repeated three times; (4) touch: the
pressure applied tactically on the inside of palms and the
feet; (5) passive motion: a motion of various joints was
conducted and repeated five times (as is illustrated in the
picture below).

The participants in Arm B of the study underwent 10
minutes of combined general foot preparation and
targeted reflex zone stimulation. General foot
preparation lasted for 5 min and included passive
flexion-extension, medial and lateral rotation, calcaneal
mobilization, digital traction, zigzag thumb-walking,
and effleurage. The stimulation of the reflex zones took
5 min and consisted of direct thumb pressure, using the
Ingham method, sustained with a force of about 3-5 N
on the solar plexus zone (the central plantar surface),
cardiac zone (the medial plantar surface of the left foot),
and cranial/cerebral zones (the plantar surfaces of all
toes on both feet). Arm C served as a control arm and
entailed standard ICU nursing care, involving routine

passive positioning and basic range-of-motion exercises
according to institutional protocols, GCS monitoring,
repositioning at 2-hour intervals, pupillary reflex
checks, careful vital signs monitoring, oral hygiene, and
other typical measures. These components were also
given to the intervention groups, accompanied by
corresponding interventions.

Outcomes

The main result measured was the alteration in overall
GCS score (ranging from 3 to 15) from the start to the
7th day, evaluated by a blind judge according to the
standard GCS scale. Other outcomes included changes
in elements of GCS (responses from eyes, speech, and
motor system) as well as other indicators, including
heart rate, blood pressure, body temperature, and
oxygen saturation. All the physiological measurements
were achieved using the same biomedical facility
conditions.

Statistical Analysis

The Kolmogorov-Smirnov test was utilized to assess
data normality. Descriptive statistics (mean + SD;
frequency, %) were computed for all variables. For
between-group comparisons at baseline, one-way
ANOVA was used for continuous variables, while chi-
square or Fisher's exact test was employed among
categorical variables. Pre-post changes within groups
were analyzed using paired t-tests (two-tailed). For
between-group comparisons of mean changes, one-way
ANOVA was performed after Bonferroni post hoc
testing. Analysis of covariance (ANCOVA) adjusting
for baseline GCS, age, and diagnosis was prespecified
as the primary test under between-group inferential
comparisons. The effect size was computed as Cohen's
d (95% confidence interval). The analyses were
performed based on the intention-to-treat principle, and
any missing session data (3 sessions) were replaced with
data from the last observation carried forward (LOCF).
Sensitivity analysis was conducted using a per-protocol
approach, excluding participants with more than 2
missed sessions. The threshold for statistical
significance was set at o = 0.05 (two-tailed). All
analyses were performed using SPSS version 24.0 (IBM
Corp., Armonk, NY, USA).

Results

Participant Flow and Baseline Characteristics

Out of the 89 screened patients, 29 were excluded (11
had GCS scores that were ineligible, 8 had
contraindications for intervention, 4 had severe sensory
impairments, 3 had surgeries scheduled) and 3 had
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guardians who refused consent. The final randomization
consisted of 60 participants: 17 in DSS, 19 in FR, and
20 in the control group who received appropriate
intervention (Figure 2). In terms of Dbaseline
characteristics, the different groups were similar (Table
1). Mean age was similar across groups (44.0 to 50.9
years). All patients had intracerebral hemorrhages.
There were no statistically significant differences
between groups (all p>0.05).

Primary Outcome: GCS Total Score

Total GCS score improved significantly in each of the
three groups (Table 2): DSS (+1.82+2.85; p=0.018), FR
(+2.26+£2.80; p=0.002), and control (+1.20+ 1.82;
p=0.008). Between-group assessment of average
changes showed no statistically relevant differences,
either in raw (ANOVA: p=0.420) or standard
(ANCOVA: p=0.602) calculations (Table 3). Cohen's d
values for DSS as compared to control are 0.22 (95% ClI
—0.41 to 0.84), and for FR as compared to control are
0.39 (95% CI1-0.24 to 1.01).

Secondary Outcomes: GCS Subscales

DSS group showed significant improvement in eye-
opening (p=0.001) and total GCS scores (p=0.018), but
not in verbal or motor scores (p=0.104 and p=0.368,
respectively). In the FR group, there were significant
improvements in eye-opening (p=0.026), motor
(p<0.001), and total GCS (p=0.002) scores, but not in
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verbal scores (p=0.135). The control group
demonstrated significant improvements in eye-opening
(p=0.001) and total GCS scores (p=0.008). Between-
group comparisons of the scores related to the changes
in subscales were insignificant: eye-opening changes
(ANOVA p=0.263; ANCOVA p=0.336), verbal
changes (p=0.813; p=0.813), and motor changes
(p=0.261; p=0.661).

Secondary Outcomes: Physiological Parameters

In the FR group, SBP dropped significantly (from
138.47+18.91 to 124.15+18.43 mmHg; mean change
—14.32+£19.60 mmHg; p=0.005), the only significant
within-group physiological change. There were no
statistically significant changes in any of the other
parameters such as HR, DBP, body temperature, and
SpO, for any group (all p>0.05). The tests done for the
comparison between groups for these physiological
parameter changes also yielded non-significant results
(Table 3; all ANOVA and ANCOVA p>0.05).

Safety

Any possible rare adverse effects were predefined in the
study protocol, and the observation of any such events
would be reported to the ethics committee. No adverse
events as per the protocol were recorded in the study,
nor were there any adverse effects related to the
intervention that affected the study subjects.

— L shoulder

~ L lung

Kidney

T Large intestine

Hip
L toot

LEFTFOOT

Figure 1. Foot reflexology chart with the head/brain, diaphragm and solar plexus, and heart reflex zones circled
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Enrollment

Assessed for eligibility (n=89)

Excluded (n=29)

4| Not meeting inclusion (n=26)

Declined to participate (n=3)

A 4

Randomized (n=60)

Allocation l l l

Group A (n=20) Group B (n=20) Group C (n=20)
Allocated to Dyang sensory stimulation Allocated to foot reflexology. Allocated to routine care.
Received allocated intervention (n=17). Received allocated intervention (n=19).
Did not receive allocated intervention (n=3). Did not receive allocated intervention
Reasons: 2 patient changed hospital, (n=1). Reason: 1 patient brain death.
1 patient expired.
\ 4 A4 A4
Loss to follow-up (n=0) Loss to follow-up (n=0) Loss to follow-up (n=0)
Analyzed (n=17) Analyzed (n=19) Analyzed (n=20)

Figure 2. CONSORT flowchart

Table 1. Baseline demographic and clinical characteristics of patients with disorders of consciousness by study group

Characteristic DSS (n=17) FR (n=19) Control (n=20)

Age, years, mean £ SD 50.88 + 13.90 45,94 £+ 14.97 44,00 £ 16.06 0.37
Length of hospital stay, days, mean + SD 7.47 £5.01 8.10 £ 5.07 10.80 + 8.64 0.26
Underlying disease, n (%) 14 (82.4) 12 (63.2) 12 (60.0) 0.10
Male 14 (82.4) 14 (73.7) 14 (70.0) 0.25
Female 3(17.6) 5(26.3) 6 (30.0)

Single 2(11.8) 6 (31.6) 5 (25.0) 0.24
Married 15 (88.2) 13 (68.4) 15 (75.0)

Iliterate 2(11.8) 5(26.3) 6 (30.0) 0.34
Below diploma 9 (52.9) 8(42.1) 6 (30.0)

Diploma and higher 6 (35.3) 6 (31.6) 8 (40.0)

Employed 5(29.4) 6 (31.6) 7 (35.0) 0.29
Homemaker 3(17.6) 4(21.1) 5 (25.0)

Other 9 (52.9) 9 (47.4) 8 (40.0)

B.T 3(17.6) 3(15.8) 1(5.0) 0.25
CVA 4 (23.5) 1(5.3) 6 (30.0)

ICH 10 (58.8) 15 (78.9) 13 (65.0)

DSS = Dyang sensory stimulation; FR = foot reflexology; B.T = abbreviation as recorded in the original table (author verification required); CVA =
cerebrovascular accident; ICH = intracerebral hemorrhage.
DSS = Dyang sensory stimulation; FR = foot reflexology; TBI = traumatic brain injury; CVA = cerebrovascular accident; ICH = intracerebral hemorrhage.
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Table 2. Glasgow Coma Scale scores and physiological parameters before and after intervention in each study group (within-group
comparison)

VEGEIE U Mean J_rDSSS (=0 p Mean iFSRD =9 p Mear? zgtDrol (150 p
ey e AEOL oo AT g LB o
voorrmpme S 2EAE gy 2BME o AR g
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g St S o s g mEms g
g e BB o umms g mms g
T R A - ST B
50019 o L0 a0 BIAE gy RLAR o

Data are presented as mean + SD. p-values are from paired t-test (two-tailed).
* Statistically significant (p<0.05).

DSS=Dyang sensory stimulation; FR=foot reflexology; GCS=Glasgow Coma Scale; SBP=systolic blood pressure; DBP=diastolic blood pressure;

SpO,=peripheral oxygen saturation.

Table 3. Mean change scores (day 7 minus day 0) and between-group comparisons of Glasgow Coma Scale components and
physiological parameters

; Mean change (day 7 — day 0
Variable DSS g F(R ) Control ANOVA p ANCOVA pt
Eye-opening 1.12+1.054 0.74+1.32 1.00+0.50 0.263 0.336
Verbal response 0.24+0.562 0.26+0.733 0.15+0.366 0.813 0.813
Motor response 0.47+2.09 1.26+1.44 0.55+1.23 0.261 0.661
Total GCS 1.82+2.85 2.26+2.80 1.20+1.82 0.420 0.602
Heart rate (bpm) —0.35+20.1 —8.00+23.4 —7.25+19.4 0.495 0.803
SBP (mmHg) —2.94427.3 —14.32+19.6 —3.45+31.5 0.344 0.545
DBP (mmHg) -1.47+18.8 -1.68+16.0 2.45+18.4 0.718 0.908
Body temp (°C) 0.02+0.73 —0.17+0.91 —1.43+0.12 0.531 0.397
SpO; (%) —0.41+2.09 0.11+1.88 —0.55+3.30 0.703 0.320

Data are presented as mean + SD of change (post-intervention minus pre-intervention).

7 ANCOVA adjusted for baseline GCS score, age, and primary diagnosis.

DSS=Dyang sensory stimulation; FR=foot reflexology; GCS=Glasgow Coma Scale; SBP=systolic blood pressure; DBP=diastolic blood pressure;

SpO,=peripheral oxygen saturation.

Discussion

This study found that both DSS and FR produced
significant within-group GCS improvements over seven
days, although neither demonstrated statistically
significant superiority over standard ICU care in
between-group analyses. The similarity in within-group
improvements across arms, including the control group,
is consistent with spontaneous neurorecovery during the
acute phase and the provision of routine care to all
participants.

The significant within-group SBP reduction in the FR
group is consistent with its proposed autonomic
modulatory mechanism plantar mechanoreceptor
activation reducing sympathetic tone and augmenting

parasympathetic activity''2, Bahonar et al. reported
similar immediate hemodynamic effects following FR#,
and Shahsavari et al. documented significant SBP
reductions after FR in bronchoscopy candidates?. The
lack of significance between the groups for SBP can be
attributed to the similarity in background sympathetic
modulation of all three groups due to conventional
nursing care methods (e.g., repositioning, contact during
nursing care), and possibly to the two-hour assessment
period after the session, since some of the FR effects on
hemodynamic parameters were already diminished at
that time. Research studies exploring the immediate
effects of intervention have demonstrated more
pronounced physiological changes?®23.
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Pathways for both DSS and FR are considered to be
mechanistically based. DSS achieves activation of
convergent multimodal ARAS pathways via sequential
integration of afferent signals from different modalities.
FR modifies both neuroendocrine and autonomic
pathways through cutaneous reflex areas. On the
contrary, it has been suggested that the lack of
superiority between groups relating to GCS does not
mean the absence of a biological impact; rather, it is
possible to consider it the result of limitations in dose
and duration, as well as a reason behind spontaneous
recovery in the acute phase and decreased physiological
response due to the use of medications with vasoactive
and sedative effects, as shown -earlier'®. Another
variable is family-delivered stimulation. Previous
studies have shown that the stimulation delivered by
relatives had better results than that performed by
researchers, which is associated with the fact that
emotionally charged stimuli activate the affective-
limbic pathway in patients, while this phenomenon
cannot be achieved via standard research delivery?*%,

The present study has several methodological strengths,
including independently generated randomization
sequences, allocation concealment, blinded outcome
assessment and data analysis, a three-arm comparison,
and a prespecified ANCOVA-adjusted primary
analysis.

Limitations

This study has several limitations. First, the intervention
lasted seven days, and each session lasted 10 minutes;
the observed effect estimates and confidence intervals
should therefore be interpreted as imprecise estimates of
short-term effects, not proof of equivalence or absence
of a clinically meaningful benefit. Larger studies with
longer and/or more intensive protocols are needed. In
addition to previously mentioned points, treatment
given to the control group was just another instance of
passive positioning plus range-of-motion exercises.
Therefore, it is possible that tactile and proprioceptive
input played a role in mitigating between-group
differences. Also, measurements of physiology took
place two hours after the last session, so transient peak
hemodynamic effects of reflexology could have been
missed, while immediate post-session measurements
were not analyzed. Finally, the Glasgow Coma Scale is
not able to detect subtle or specific neurobehavioral
changes in cases of disorders of consciousness. In the

future, it is better to employ validated measures like the
Coma Recovery Scale-Revised (CRS-R)?. Fifth, the
research was done in one location. Variations in ICU
nurse-to-patient ratio and staffing and sedation and
analgesia practices might influence the effectiveness of
interventions and their generalization. Sixth, the study
investigated patients with different causes of disorders
of consciousness, possibly impacting the results.

Conclusion

Dyang sensory stimulation and foot reflexology were
feasible nursing interventions associated with within-
group improvements in consciousness among ICU
patients with disorders of consciousness. However,
neither  intervention  demonstrated  statistically
significant superiority over standard care in between-
group analyses during the seven-day protocol. These
findings should be interpreted in light of the modest
sample size, short intervention duration, routine sensory
input in the control group, and the limitations of GCS
for detecting subtle changes. Larger multicenter trials
with longer follow-up, clinically justified intervention
doses, immediate and serial  physiological
measurements, and CRS-R assessment are warranted.
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