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ABSTRACT

Background & Objective: Low back pain (LBP) is a common musculoskeletal problem that reduces quality of life and
work productivity. This study aimed to design, develop, and evaluate the effectiveness of the CLEMARA Patch, a clove
leaf essential oil-based transdermal patch, in reducing LBP intensity.

Methodology: A quasi-experimental design with a pretest-posttest control group was used, involving 30 respondents
divided equally into intervention and control groups. The intervention group received the CLEMARA Patch, which
contains 4% pure eugenol, applied to the lumbar area for 68 hours, while the control group received standard
therapy. Pain levels were assessed using the Numeric Rating Scale (NRS) at baseline, during treatment, and post-test.

Results: The intervention group showed a significant reduction in pain from 7.27 + 2.120 to 1.13 + 2.416 (P < 0.05),
while the control group experienced only a slight, nonsignificant decrease from 6.80 + 1.821 to 5.27 + 2.434 (P >
0.05).

Conclusion: The CLEMARA Patch demonstrated superior effectiveness over standard therapy in reducing LBP,
highlighting its potential as a safe, natural, and innovative herbal therapy.

Abbreviations: NRS: Numeric Rating Scale, NSAIDs: Non-Steroidal Anti-Inflammatory Drugs, PVP: PEG: Polyethylene
Glycol, Polyvinylpyrrolidone, HPMC: Hydroxypropyl Methylcellulose, PG: Propylene Glycol, VCO: Virgin Coconut QOil,
MgCl: Magnesium Chloride, SHM: Standardized Herbal Medicine, GRAS: Generally Recognized As Safe

Keywords: CLEMARA Patch; Clove Leaf Essential Oil; Eugenol; Transdermal Patch; Low Back Pain; Non-
pharmacological Therapy
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significantly impacting quality of life and productivity.'
1. INTROD U CTION According to the World Health Organization (WHO) in
2022, approximately 1.71 billion people worldwide have
musculoskeletal disorders, with LBP ranking third after
osteoarthritis (528 million) and rheumatism (335

Low Back Pain (LBP) is a global health problem
affecting men and women across various age groups,
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million), affecting 17.3 million people.? By 2050, LBP
cases are projected to increase to 843 million.’ In
Indonesia, Riskesdas (2021) reported 12,914 LBP cases
(3.71% of the population), making it the second most
common condition after influenza.* Data from
PERDOSSIS (neurology specialist association) across
14 teaching hospitals further identified 4,456 LBP cases
from 819 patient visits.’ In Maluku Province, prevalence
rose from 3.2% in 2013 to 7.3% in 2018.°

A preliminary study by Lameky et al.” involving port
workers and drivers found that clove leaf oil in roll-on
form provided only temporary warmth, lasting 10-15
minutes. Respondents also reported that heavy physical
activity and sweating reduced the oil’s absorption, while
frequent reliance on over-the-counter painkillers raised
concerns. These findings highlight the urgency for
effective, practical, and safe alternatives.

LBP management includes pharmacological and non-
pharmacological approaches. Non-pharmacological
therapies are preferred for their holistic benefits and
fewer side effects, including the use of clove leaves.®.”
Though often regarded as waste, clove leaves can be
distilled into essential oils containing eugenol, pB-
caryophyllene, and caryophyllene oxide.!°.!* Prior
studies in India, Indonesia, and the United States have
shown that clove oil relieves pain more effectively than
standard methods.'>!>!* This study therefore sought to
design the “CLEMARA Patch,” a clove leaf essential oil-
based transdermal patch, leveraging eugenol’s analgesic
and anti-inflammatory properties.'*

Liquid clove oil poses limitations, such as high volatility,
instability, and short duration of action. A transdermal
patch offers advantages by ensuring controlled release,
longer therapeutic effects, and better stability.!> Patches
are also hygienic, practical, and support self-care without
dependence on pharmacological drugs.'® From a
pharmaceutical perspective, bioadhesive polymers
enhance adhesion and transdermal delivery, with
potential development as an OTC or
phytopharmaceutical product.!”

This aligns with WHO recommendations for non-
pharmacological LBP therapy,'® Indonesia’s RPJM
2025-2029 (Asta Cita 4 and 5), and the National
Research Master Plan (RIRN), supporting self-
sufficiency in herbal medicines for musculoskeletal
pain.’

Eugenol demonstrates strong analgesic and anti-
inflammatory activity. Animal studies show eugenol
inhibits acetic-acid-induced pain by up to 92.7% at 100
mg/kg, comparable to indomethacin.!® Its analgesic
effects are more evident in the inflammatory phase,
linked to inhibiting inflammatory mediators, calcium
channels, and TRPV1 receptors. In formulation studies,
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eugenol has been identified as a natural permeation
enhancer with safe and sustained release profiles. Gel
preparations with HPMC further confirm its release
dynamics, with 3% HPMC yielding optimal release and
skin safety. 1°

In Indonesia, clove leaf distillation yields 70-85%
eugenol, confirming its potential as a local resource.'’
WHO recognizes eugenol as Generally Recognized As
Safe (GRAS). Eugenol exhibits analgesic, anti-
inflammatory, antioxidant, antimicrobial, and
neuroprotective properties. Despite these advantages,
clinical evidence regarding formulations' long-term
effectiveness and stability remains limited. No study has
specifically developed a clove leaf essential oil
transdermal patch for LBP.

This study, therefore, aimed to design, develop, and
evaluate the effectiveness of the CLEMARA Patch in
reducing LBP intensity. The research tested two
hypotheses: Null (Ho), no difference exists between the
CLEMARA Patch and standard therapy; Alternative (Hi),
the CLEMARA Patch is more effective. The findings are
expected to contribute to the innovation of standardized
herbal medicine (SHM) based on Maluku’s local
resources, providing a safe, effective, and commercially
viable alternative for musculoskeletal pain management.

2. METHODOLOGY

This study applied a quasi-experimental design with a
pretest—posttest control group to evaluate the
effectiveness of the CLEMARA Patch, a clove leaf oil—
based transdermal patch, in reducing low back pain
(LBP).? The research was conducted at Yos Sudarso Port
and Mardika Terminal, Ambon City, from March to
September 2025, involving stevedores and drivers as
participants.

The study process included clove leaf sorting (July 15),
oil distillation (August 8), eugenol isolation at Pattimura
University (September 6), patch production at Maluku
Husada Health College (September 13), and field
implementation (September 15-30).

The patch formula contained 4% pure eugenol, 30 g PVP,
80 g gelatin, 30 g MgCl, 30 g distilled water, 5 g glycerin,
10 g VCO, 5 g PG, 0.2 g PEG, 0.3 g HPMC, and 0.3 g
Sensicare, producing nine patch preparations. Each was
standardized to 5x7 cm, individually packaged, and
sealed for use (Figre 1).21:2223

Respondents were manual workers with LBP, aged 18—
60 years, with an NRS score> 2, not on analgesics, and
providing informed consent. Exclusion criteria were
chronic disease, oil allergy, or open skin wounds.?* A
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2.1. Statistical Analysis

Clove Leaf
Collection

Evgenal

Formulation Skability Test

Essential Oil Pakch Clinical Trial
Distilation Production

The research data were analyzed using SPSS
version 30. A descriptive analysis was conducted
to describe the respondents’ characteristics.
Before conducting the inferential test, the
assumptions of normality and homogeneity were
examined to ensure the validity of the parametric
analysis. The Shapiro—Wilk test was used to assess
data normality because the sample size was fewer
than 50 respondents, and the Levene’s test was
applied to evaluate the homogeneity of variances.
The results indicated that the data were normally

Figure 1. CLEMARA Patch design process

distributed and homogeneous (p > 0.05), thus
meeting the assumptions for parametric testing.

purposive sample of 30 respondents was divided equally
into intervention and control groups. The intervention
group received the CLEMARA Patch (6—8 hours), while
the control group received standard therapy. Pain
intensity was assessed using the NRS before, during, and
after treatment, alongside monitoring of side effects,
comfort, and compliance.

Therefore, differences in pain scores between the
pre- and post-tests within groups were analyzed using the
paired sample t-test. The significance level was set at p
< 0.05 as the basis for statistical decision-making and to
strengthen clinical interpretation. This study received
ethical approval from the Research Ethics Committee of
STIKes Maluku Husada (No:
RK.197.KEPK/STIK/VII/2025). Before participation,
all respondents were informed of the study’s objectives,
benefits, and potential risks, and then provided consent

by signing an informed consent form.

Table 1: Respondent Characteristics and Low Back Pain Level (n=15)

Variable

Intervention
Group

n (%)

Control

Group
n (%)

3. RESULTS

As shown in Table 1, most
respondents were in early

Age Late adolescence (17-25 2(13.3) 1(6.7) adulthood (26-35 years),
years) all were male, and the
Early adulthood (26-35 years) 7 (46.7) 6 (40) majority had medium-—
Late adulthood (36-45 years) 3 (20) 4 (26.7) high  education.  The
Iintervention group
Early elderly (46-55 years) 2 (13.3) 3 (20) consisted  entirely  of
Late elderly (56-65 years) 1(6.7) 1(68.7) laborers, while the control
Gender Male 15 (100) 15 (100) group consisted of all
= : drivers. Before treatment,
emale 0(0) 0(0) in the intervention group
Education Low (Elementary-Middle High | 5 (33.3) 6 (40) 60% of the participants
School) suffered from severe pain;
High (High School-University) = 10 (66.7) 9 (60) in the control group 53.3%
Occupation Laborers 15 (100) 0(0) suffered from ~moderate
. pain. After intervention,
Drivers 0(0) 15 (100) 80% of the intervention
Pain level before No pain (0) 0 (0) 0 (0) group reported no pain,
Mild pain (1-3) 1(6.7) 2(13.3) while Igoiijerat; pain Wasl
o reporte y the contro
Moderate pain (4-6) 5(33.3) 8 (53.3) group (46.7%).
Severe pain (7-10) 9 (60) 5(33)
Pain level after No pain (0) 12 (80) 0 (0)
Mild pain (1-3) 2(13.3) 3 (20)
Moderate pain (4-6) 1(6.7) 7 (46.7)
Severe pain (7-10) 0 (0) 5(33.3)
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Table 2: The effect of CLEMARA patch administration on low back pain levels

Pain Level Mean * SD Standard Odds Ratio (95% Cl)
error value

Intervention Before 7.27 £2.120
Group After 15 1.13+2.416
(CLEMARA i

Patch) Difference (d) 6.14

0.547 0.000

0.624

195 (4.052-8.215)

Table 3: Effect of standard care on low back pain levels

N O el o
Error

Control Before 15  6.80 % 1.821
Group

(Standard After 15 527 +2434
Care) Difference () 1.53

0.470
0.624

0.464 (0.139-3.206)  0.069

3.1. The effect of CLEMARA Patch

The study results in Table 2 indicate that the average pain
level in the intervention group before administering the
CLEMARA Patch was 7.27 + 2.120, placing it in the
moderate to severe pain category. After using the patch,
the average pain level significantly decreased to 1.13 +
2.416, a difference of 6.14 points. Statistical analysis
revealed an Odds Ratio (OR) of 1.95 with a 95% CI of
4.052-8.215, and a P-value of 0.000 (P < 0.05). This
demonstrates that using the CLEMARA Patch provides
a significant analgesic effect both clinically and
statistically. Therefore, the CLEMARA Patch is proven
to be effective in reducing low back pain among study
participants.

3.2. The Effect of Standard Care on LBP

In Table 3, the control group (standard care) had a mean
pain score of 6.80 + 1.821 before treatment, which was
classified as moderate pain. After receiving standard care,
the mean pain score slightly decreased to 5.27 +2.434, a
reduction of 1.53 points. However, statistical analysis
showed an Odds Ratio (OR) = 0.464 with a 95% CI =
0.139-3.206 and a p-value of 0.069 (p > 0.05). This
suggests that the decrease in pain levels in the control
group was not statistically significant. In other words,
standard care led to only a small pain reduction and was
much less effective than the CLEMARA Patch
intervention.

4.DISCUSSION

The study results show that most respondents are in the
early adulthood age group, a period when physical
condition generally reaches its peak. This finding is
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consistent with Malinska et al. (2021), who stated that
early adults, especially drivers and dock workers, are
more prone to LBP due to occupational risk factors such
as non-ergonomic positions, repetitive movements, and
heavy lifting.?* Prolonged exposure to strenuous physical
activity can damage spinal structures and surrounding
tissues. In addition, low awareness of ergonomics and
inadequate exercise further increase LBP risk. Therefore,
education on proper lifting techniques and physical
training is crucial to prevent injuries among young adults.

The majority of respondents were male, supporting
Jonsdottir et al. (2019), who reported that men face a
higher LBP risk compared to women.?¢ This is linked to
occupations dominated by men, such as port laborers and
drivers, combined with lifestyle habits that negatively
affect back health. Another finding revealed that most
respondents had a high level of education (senior high
school to university). This aligns with Yosef et al.(2019),
who argued that higher education does not guarantee
freedom from health problems.?” Poor posture,
insufficient physical activity, and psychosocial stressors
can still contribute to LBP among educated individuals.

Occupational patterns also played a role, with most
respondents working as drivers or port laborers. Khadour
et al.(2024) emphasized that such professions increase
musculoskeletal strain.? Drivers spend long hours sitting
in static positions, while port laborers frequently lift
heavy loads. Both conditions promote muscle tension,
poor posture, and repetitive strain injuries, all
contributing to LBP.?® Before intervention, respondents
reported moderate to severe LBP (pain scores 4—10),
indicating significant discomfort affecting daily
activities. After applying the CLEMARA Patch and
standard care, pain scores dropped to no pain (score 0)
or mild pain (scores 1-3). These results mirror Sidiq et
al. (2024), who also found significant pain reduction
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after herbal interventions.*® The presence of eugenol can
mechanistically explain the superior effect of the
CLEMARA Patch, as the main bioactive compound in
clove leaf oil exhibits dual actions: anti-inflammatory
and analgesic.

At the molecular level, eugenol inhibits cyclooxygenase
(COX) and lipoxygenase (LOX) pathways, thereby
reducing the synthesis of pro-inflammatory mediators
such as prostaglandins and leukotrienes.>®* Moreover,
eugenol directly interacts with the transient receptor
potential vanilloid 1 (TRPV1) receptor, an ion channel
responsible for nociception and thermal pain sensation
by Dblocking calcium influx and desensitizing
nociceptors.*® This dual mechanism results in decreased
peripheral sensitization and reduced transmission of pain
impulses to the central nervous system. Consequently,
muscle relaxation and improved microcirculation occur,
accelerating tissue recovery.

A comparative analysis showed that the CLEMARA
Patch was significantly more effective than standard care,
as confirmed by the Paired Sample T-Test. Das et al.
(2020) similarly reported that essential oils, including
clove oil, reduced LBP more effectively than
conventional care.?' While pharmacological drugs such
as ibuprofen, diclofenac, or naproxen have anti-
inflammatory effects, Esmaeili et al. (2022) found their
impact limited compared to clove oil, largely due to
tolerance and side effects.® These findings align with
previous studies demonstrating that eugenol’s interaction
with TRPV1 produces analgesic effects comparable to
some synthetic drugs but with a more favorable safety
profile.*” In addition to receptor modulation, eugenol
scavenges reactive oxygen species (ROS) and
upregulates endogenous antioxidant enzymes, further
minimizing oxidative stress in inflamed tissues. This
multifaceted mechanism supports the observed decline
in pain scores following the intervention.

Clinical trials further support these findings. Freiwald et
al. (2021) demonstrated that clove oil significantly
improved pain outcomes compared to placebo, while
Nisar et al. (2021) showed that combining clove oil with
physical therapy yielded better results than physical
therapy alone.?*3** Singh et al. (2018)%* confirmed
through in vivo studies that eugenol provided stronger
analgesic and anti-inflammatory effects in the
inflammatory phase compared to diclofenac, though less
potent than tramadol at specific doses.

Another strength of eugenol is its safety profile. Unlike
NSAIDs and opioids, which carry risks of
gastrointestinal or dependency issues, eugenol has
minimal side effects and additional antioxidant
benefits.*® Clinical evidence even showed that eugenol
outperformed articaine in pain control for irreversible
pulpitis cases.*” This evidence supports the clinical
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relevance of eugenol-based interventions such as the
CLEMARA Patch, which combine efficacy, safety, and
natural bioavailability to achieve sustained pain relief
without pharmacological risks.

The CLEMARA Patch, enriched with eugenol from
clove leaf oil, proved effective in relieving pain and
reducing inflammation, which are the main contributors
to LBP. Topical delivery ensures rapid absorption and
localized action.?®.> Through inhibition of inflammatory
cascades and modulation of TRPV1 nociceptors,
eugenol effectively diminishes both the source and
perception of pain. This integrated mechanism
underscores the therapeutic potential of the CLEMARA
Patch as a safe, natural, and innovative approach for LBP
management.

5. LIMITATIONS

This study was limited by its small sample size (30
respondents, 15 per group), reducing statistical power
and representativeness. Long-term effects of the
CLEMARA Patch were not assessed, so its repeated-use
safety and effectiveness remain unknown. Future
research should increase sample size, include more
diverse populations, and expand to multiple sites for
broader generalizability.

6. CONCLUSION

The CLEMARA Patch (clove leaf oil with 4% eugenol)
significantly reduced low back pain, achieving an
average pain reduction of 6.14 points compared to 1.53
in controls (OR = 195). These results demonstrate strong
therapeutic benefits, highlighting the patch as a safe,
practical, and innovative non-pharmacological option,
with potential for development as a standardized
phytopharmaceutical and as the first herbal transdermal
product from Maluku.
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