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Abstract: In recent years, photobiomodulation (PBM) has attracted widespread attention for the
treatment of various causes of pain and inflammation. Primary dysmenorrhea (PD) is a common
gynecological condition characterized by severe menstrual pain, and the limited effectiveness and
side effects of conventional treatments have highlighted the urgent need to develop and identify
new adjunct therapeutic strategies. The present study from the perspective of light morphology
aimed to bypass the heat risk limitation and evaluate the efficacy and safety of pulsed 630 nm PBM
therapy for reducing pain associated with PD. The pulse light parameters were designed according
to the transmittance of red light. In this randomized, cross-over design, sham-controlled study,
46 women with PD were included and randomly assigned to either pulsed 630 nm light therapy or
white light sham control therapy. The intervention lasted for 20 min per day and was administered
for 7 consecutive days before and during menstruation. The results showed that the pulsed 630 nm
PBM treatment demonstrated a significant reduction in pain levels compared to the placebo treatment
(p < 0.001), with 55.00% of active treatment participants experiencing a pain intensity differential
concentration exceeding 50.00%. Moreover, participants reported an improved quality of life during
the active treatment phase and generally preferred it as a more effective method for relieving PD. No
adverse events or side effects were reported throughout the trial. Based on the results, pulsed 630 nm
LED therapy showed significant relief of menstrual pain compared to white light placebo treatment
and improved quality of life under certain circumstances. Therefore, this study proposes that pulsed
red light PBM therapy may be a promising approach for future clinical treatment of PD.

Keywords: primary dysmenorrhea; 630 nm LED light; pulsed wavelength; pain; quality of life; global
evaluation assessment

1. Introduction

Primary dysmenorrhea (PD), characterized by painful menstrual cramps without any
underlying pelvic pathology, is a common condition affecting a significant number of
women globally [1,2]. The incidence of PD continues to increase after adolescence and
affects nearly 90% of women [3]. Menstrual pain can have a profound impact on the quality
of life and daily functioning of affected individuals [4]. The release of prostaglandins is be-
lieved to be responsible for the uterine muscle contractions and subsequent pain associated
with PD [3,5]. The present management of PD typically encompasses pharmacological and
non-pharmacological interventions. Non-steroidal anti-inflammatory drugs (NSAIDs) are
commonly prescribed in clinical practice presently, but the failure rate in reducing dysmen-
orrhea can be as high as 30% [6]. Moreover, NSAIDs are associated with various adverse
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effects such as indigestion, headache, and drowsiness and may present negative implica-
tions for women planning to conceive [7]. Heating pads, as a traditional physical therapy,
have been substantiated to provide only modest pain reduction, approximately 20%, in
randomized controlled trials [8]. The severity and duration of pain encountered by patients
diagnosed with PD, alongside the adverse side effects and potential dependency associated
with current pharmacological interventions, emphasize the imperative for developing a
pioneering therapeutic strategy that effectively diminishes pain and enhances the quality
of life for individuals afflicted with PD. The investigation of novel treatment modalities is
critically significant for the clinical management of patients with this condition.

Photobiomodulation (PBM) therapy, also known as low-level light therapy (LLLT), is a
non-thermal and non-invasive therapy that utilizes a specific spectrum of light (390–1100 nm)
to modulate cellular activities and exert therapeutic effects [9]. In recent years, PBM therapy
has been widely reported for treating wounds, musculoskeletal disorders, and neuropathic
symptoms [10–12], for promoting tissue healing [13], and for relieving pain [14] and has attracted
great attention in the field of biomedical research. LEDs have been widely applied in PBM
therapy due to their advantages of high efficiency, long lifespan, flexible wavelength selection,
and small size with low power consumption. At present, some clinical studies have shown
that red light can reduce pain in women with PD. Hong et al. found that CW red light therapy
(610 nm, 1.8 mW/cm2, 20 min/day) for PD can reduce pain by 30.45% over two consecutive
treatment cycles [6]. Zhu et al. showed that LLLT with an LED (light-emitting diode)-based
device (630 nm, 2.5 mW/cm2, 3 J/cm2, 20 min/day) applied at acupuncture points CV4 and
CV6 exhibited a similar effectiveness regarding dysmenorrheal pain reduction compared to a
DSG/EE (30 µg of ethinyl estradiol and 150 µg of desogestrel) combined contraceptive [15]. Shin
et al. also found statistically significant changes in VAS scores within 6 months of LLLT (610 nm,
1 mW/cm2, 20 min/day) compared to a placebo control treatment [16]. Moreover, numerous
studies have reported the safety of LED therapy for pain and inflammation within a specific
range of light intensity, with no significant adverse reactions observed [14,17]. Consequently,
within a specified light irradiance range, employing this methodology in clinical settings is
deemed to be a secure approach for treating various types of pain and inflammation.

However, despite the growing body of evidence supporting the efficacy of PBM
therapy for PD, the application of this therapy specifically remains relatively underexplored.
The reason may be that most of these studies have used continuous wave (CW) light
sources, and for PD, the main obstacle is to obtain effective light intensity, which in turn
requires consideration of the balance between the tolerance of human epidermal tissue to
temperature changes and effectiveness [18]. Pulsed light sources, on the other hand, have
shown advantages in terms of depth penetration and efficiency.

Therefore, to bypass the heat risk limitation and further explore the efficacy and safety
of pulsed 630 nm PBM therapy for reducing pain associated with PD, we irradiated the
female abdomen with the pulsed red light parameters displayed in Table 1. In this work,
we preliminarily determined the transmittance of 630 nm light through fresh pork belly
to determine the pulsed light parameters. Based on this, we then evaluated the pain
suppression rate of pulsed 630 nm LED therapy compared to white light placebo treatment
in women with PD as well as the quality of life of women with dysmenorrhea; additionally,
a global evaluation assessment was performed.
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Table 1. Pulsed 630 nm PBM parameters for the trial.

Mode Pulsed

Wavelength (nm) 630
Duration (s) 1200
Average irradiance (mW/cm2) 10
Dose (J/cm2) 12
Duty cycle 40%
Peak irradiance (mW/cm2) 25
Frequency (Hz) 50

Dose (J/cm2) = irradiance (mW/cm2) × duration (s)/1000. Average irradiance = peak irradiance × duty cycle
(results are quoted to two decimal places).

2. Materials and Methods
2.1. Study Design

This was a randomized, double-blind placebo-controlled study with a cross-over
design. The study protocol was compliant with the ethical principles of the Declaration
of Helsinki. Participants were adolescent and adult women with more than moderate PD,
recruited from June 2022 to February 2023 at Shanghai Fifth People’s Hospital (Shanghai,
China), and provided informed consent prior to participation. The study was prospectively
registered with the Clinical Trial Registry, China (ChiCTR-ERC-17012528).

2.2. Participant Selection

Female participants who met the study inclusion and exclusion criteria were included.
Healthy female participants aged 14 to 39 years with regular menstrual cycles, a self-
reported history of PD, at least moderate pain due to menstrual cramps (based on the VAS,
with scores of 0–10, where scores of 4–7 and 7–10 represented moderate and severe pain,
respectively), and a body mass index (BMI) of less than 24 were recruited for this study.

The exclusion criteria were as follows: patients with serious medical or psychiatric
disorders; patients who had received a positive prescreening pregnancy test result; patients
who had used oral contraceptives within the last month; patients with a history of pho-
totherapy allergy; and patients who had been treated for PD within one month prior to
recruitment. Participants were not allowed to self-administer drugs that might interfere
with the study. For participants who suffered unbearable pain, the researchers prescribed
painkillers for relief, and this was then recorded on the case report form.

Prior to the first cycle study of each woman’s menstrual period, a medical history
was taken, and the participant underwent an obstetric and gynecological examination that
included ultrasonography and clinical laboratory testing. The women were required to
employ physical methods of contraception throughout the treatment. It was announced to
all potential study participants that the study was confidential and that participant privacy
would be maintained.

2.3. Study Intervention

Qualified participants were randomized to a pulsed 630 nm PBM therapy group or a
placebo treatment group in a 1:1 ratio. Either the placebo treatment device or the active
treatment device was worn for 20 min daily for 7 days before and during the menstrual
cycle (Figure 1, CV6, located 1.97 inches below the navel; CV4, located 3.94 inches below
the navel). The specific LED irradiation parameters are shown in Table 1. Blinding was
achieved by using a white light placebo control with identical electrical power (3W) and
appearance to exclude the influence of heat on the participants and the results. Both the
researchers and participants were unaware of the assigned outcomes.

A spectral irradiance meter (SPIC-200, Everfine, Hangzhou, China) was exploited
to measure the light spectrum, peak wavelength, and color temperature. Irradiance was
measured using a photodiode power sensor (S170C, Thorlabs, Newtown, CT, USA) with a
digital optical power meter (PM100D, Thorlabs, Newton, NJ, USA).
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Figure 1. Flow chart of the study protocol.

2.4. Randomization Procedures

Participants were randomly assigned to one of two groups using a computer-generated
randomization sequence. The randomization was performed by an independent statistician
who had no involvement in the recruitment or assessment of participants. The random-
ization sequence was securely stored and accessible only by the independent statistician
responsible for generating the allocation sequence.

2.5. Pain Assessment
2.5.1. VAS for Pain

The VAS is an 11-point scale, with 0 representing “no pain” and 10 representing the
most severe pain. Participants were instructed to rate their pain intensity on a scale ranging
from 0 to 10. Following the intervention, participants provided daily ratings of their pain
intensity at its most severe point during the menstrual period in order to assess the total
sum of pain intensity differences.

2.5.2. Quality of Life

Quality of life assessments were conducted through the completion of a survey ques-
tionnaire to evaluate various indicators, including period regularity, blood clotting, muscle
soreness, abdominal distension and pain, breast tenderness, joint pain, lumbago, diarrhea,
constipation, appetite, diet, headache, agitation, insomnia, nausea sensation, and any
reported adverse events or side effects.

2.5.3. Global Evaluation Assessment

Participants were asked to rate the effectiveness of the intervention in alleviating
menstrual pain using an absolute scale ranging from 0 to 4, with 0 representing “poor”,
1 representing “fair”, 2 representing “good”, 3 representing “very good”, and 4 representing
“excellent” [19].

2.6. Evaluation of Safety

Adverse events were assessed as treatment-emergent adverse events throughout the
entire study period. They were collected during the screening phase of the entire treatment
period and included adverse events that started or worsened after the first intervention in
the treatment phase.

2.7. Study Procedure

This study involved a disease screening phase, where eligible participants were ran-
domly assigned to one of two sequences—treatment or placebo.
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To minimize the potential impact of the guiding language used on the experimental
results, caution was exercised in designing and delivering the instructions and prompts.
The language used was carefully chosen to be neutral, unbiased, and devoid of any potential
influence on the participants’ responses or behaviors. Additionally, the instructions were
tested and refined through pilot studies to ensure clarity and comprehensibility.

2.7.1. Screening Phase

Qualified female participants were selected during the screening phase. Prior to
randomization, participants were assessed for the severity of menstrual pain. This study
included participants with pain scores above three on the pain intensity scale. Upon
completion of the screening, participants were randomly assigned to one of two groups.
Additionally, each participant received guidance on the usage of the designated device and
underwent training on how to utilize the study documentation prior to the commencement
of the experiment.

2.7.2. Baseline VAS Scores

After completion of screening and randomization, participants entered the baseline
data collection phase at the onset of their menstrual cycle. Baseline VAS scores were
obtained from all participants at the beginning of the study. Participants were instructed to
rate the intensity of their pain on a continuous scale ranging from 0 to 10. The VAS scores
served as a baseline measure of pain severity and provided a starting point for evaluating
the efficacy of the intervention. The duration of this phase varied among participants
depending on the length of their menstrual cycles and the randomness of cycle initiation.

2.7.3. Treatment Phase 1

Participants wore the treatment or placebo device for 20 min each day for the first
7 days of the next menstrual cycle and during menstruation. VAS scores were recorded, and
the three most severe days during menstruation were selected as the first post-treatment
VAS score. Participants also completed an assessment of quality of life and a global
evaluation assessment of the intervention approach for this study.

2.7.4. Baseline VAS Scores after a Wash-Out Period

During the study, participants were mandated to abstain from any form of intervention
or treatment for a designated period of time in order to mitigate any residual effects and
revert back to their pre-intervention baseline state.

2.7.5. Treatment Phase 2

During the seven days preceding the next menstrual cycle and throughout the duration
of menstruation, participants were instructed to wear a therapeutic or placebo device
(different from the methods of intervention used in the initial treatment) for 20 min each
day. The recording metrics were the same as in the first trial session.

2.8. Statistical Analysis

Participants who completed the entire treatment and all study assessments were in-
cluded in the statistical analysis. All results are expressed as the mean ± standard error
of the mean (s.e.m.) and were analyzed using GraphPad Prism version 9.4.1 software
(GraphPad, San Diego, CA, USA). Statistical analysis was performed using paired t-tests to
compare the mean VAS scores before and after each treatment session within each group.
Repeated measures ANOVA was used to compare the differences in pain reduction between
the active treatment and placebo treatment groups. A p-value of less than 0.05 was signifi-
cant. ANOVA analysis was used to evaluate the overall perception of the investigators or
patients regarding the treatment condition changes.
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3. Results
3.1. Light Transmittance Assay and PBM Intervention Parameters

Primarily, CW 630 nm is effective at an intensity of at least 0.14 mW/cm2 for normal or
prostaglandin-F2α-induced human uterine smooth muscle cells (according to another study by
our research group); however, the uterus is approximately 2.5 cm from the human surface [20],
and the attenuation of 630 nm light at this depth is about 98.5–99.3% (Figure 2, Table S1).
Accordingly, 630 nm light at an intensity of 25 mW/cm2 (with a mean light transmittance of
about 1%) is required to achieve such an effect. Nevertheless, when the illumination intensity
was above 25 mW/cm2, the surface temperature of the skin was approximately 40°C (the
lighting device was close to the skin for 3 min), which is nearly the tolerance temperature of the
human body; thus, this strategy achieved less practical clinical significance. Based on this, we
designed pulsed light for the trial (Figure 3, Table 1), with a luminous area of 9π cm2.
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Figure 2. Transmittance from a 630 nm LED light source through the abdominal skin of a pig.
The thickness was (a) 3.3–33.23 mm and (b) 12.75–33.23 mm. Black line, skin and fat; trend line,
y = 0.6121e−1.794x (R2 = 0.9661). Red line, flesh; trend line, y = 0.6215e−1.677x (R2 = 0.9813). Test
methods used before each test initially used the optical power meter to probe a quartz sheet and
test the intensity of ambient light; then, a certain thickness of tissue on the quartz sheet was used,
with a peak light intensity of 25 mW/cm2 of pulsed light at 630 nm in close proximity to the test-
light intensity.
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3.2. Screening of Samples

This study screened a total of 46 women and ultimately included 40 eligible partici-
pants. They were randomly assigned to two groups, with 20 participants in each group
(Figure 4). There were no deviations or violations from the protocol observed throughout
the study. All participants showed good adherence to the treatment. Direct observation of
the participants was conducted during the study, and evaluations were performed during
each menstrual cycle. All participants completed pain surveys during their menstrual
periods, with a high rate of adherence to the questionnaire at each time point. No adverse
events were reported in this study, and there were no dropouts. Participants in the study
did not receive any rescue medication during the study period.

Photonics 2023, 10, x FOR PEER REVIEW  8  of  17 
 

 

 

Figure 4. Sample flow chart of participants at each stage. 

3.3. Baseline Characteristics 

The mean age of the participants was 25 years (Figure 5a), ranging from 18 to 39 years, 

and the mean dysmenorrhea time was 6 years (Figure 5b). At baseline, most participants 

(92.50%) reported experiencing moderate to severe pain according to the VAS score (Fig-

ure 5c). There were no significant differences observed in baseline characteristics between 

the active treatment and placebo treatment groups, ensuring comparability between the 

two groups (Figure 5d). Other baseline characteristics assessed include menstrual cycle 

regularity and previous  treatment history  for PD. These characteristics were similar  in 

both the active treatment and placebo treatment groups, further strengthening the com-

parability between the groups. 

Figure 4. Sample flow chart of participants at each stage.

3.3. Baseline Characteristics

The mean age of the participants was 25 years (Figure 5a), ranging from 18 to 39 years,
and the mean dysmenorrhea time was 6 years (Figure 5b). At baseline, most participants
(92.50%) reported experiencing moderate to severe pain according to the VAS score (Figure 5c).
There were no significant differences observed in baseline characteristics between the active
treatment and placebo treatment groups, ensuring comparability between the two groups
(Figure 5d). Other baseline characteristics assessed include menstrual cycle regularity and pre-
vious treatment history for PD. These characteristics were similar in both the active treatment
and placebo treatment groups, further strengthening the comparability between the groups.
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Figure 5. Baseline characteristics of the participants. (a) Age distribution of study patients. (b) Dys-
menorrhea time in study patients. (c) Distribution of dysmenorrhea severity among participants.
(d) Initial VAS scores of the two randomly assigned groups of participants. ns, not significant by
one-way ANOVA; mean + s.e.m. in bar graphs.

3.4. Pain Severity

In the first treatment session, 80.00% of participants had a baseline VAS score of more
than 7.00. After the intervention, there was little change in the placebo group’s VAS score,
and all participants in the pulsed 630 nm PBM therapy group had a VAS score of less than
7.0, with scores of 3–4 reported by 80.00% of participants (Figure 6a). In addition, the mean
baseline pain score was 6.63 in the active treatment group, indicating a high level of pain
experienced by the participants. After receiving the pulsed 630 nm PBM treatment, the
mean pain score decreased to 3.63, representing a statistically significant reduction in pain
severity (p < 0.0001). In contrast, the placebo group exhibited a mean baseline pain score
of 7.30. However, after receiving the placebo treatment, the mean pain score decreased
only slightly to 6.75, which was not statistically significant (p > 0.05). This suggested that
the placebo intervention did not provide significant pain relief for PD. Furthermore, when
comparing the changes in pain severity between the active treatment and placebo treatment
groups, there was a statistically significant difference (p < 0.0001). Participants in the active
treatment group experienced a greater reduction in pain severity than those in the placebo
treatment group (Figure 6b). After the wash-out phase, the second phase of treatment, the
two groups were crossed over, showing the same results (Figure 6c,d).
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Figure 6. Pulsed 630 nm PBM therapy for pain relief in participants with PD. VAS score distribution
(a) and significance analysis (b) of participants before and after the first treatment session. After
the wash-out period, the VAS score distribution (c) and significance analysis (d) of participants
before and after the second treatment period. VAS scores of participants in Group 1 (e) and Group 2
(f) throughout the study, where in Group 1, 1—Baseline, 2—Placebo, 3—Baseline after the wash-out
period, and 4—Pulsed 630 nm PBM and in Group 2, 1—Baseline, 2—Pulsed 630 nm PBM, 3—Baseline
after wash-out period, and 4—Placebo. (n = 20). **** p < 0.0001 by one-way ANOVA; mean + s.e.m.
in bar graphs.
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The scores of the two groups randomly separated according to Figure 6e,f were
consistent at the two baseline points (stage 1 and 3) throughout the whole study period,
which excluded the error caused by individual differences in the subjects and provided
a reference value for evaluating the research results of different intervention methods for
the same group of participants. Neither the placebo device intervention phase of Figure 6e
nor that of Figure 6f was significantly different for participants, with a 45.32% reduction in
pain rates following the pulsed 630 nm PBM intervention.

In this study, it was observed that 55.00% of participants receiving the active treatment
exhibited a maximum sum of pain intensity difference concentration exceeding 50.00%.
Conversely, the sum of differences in the maximum pain intensity for all participants in
the placebo group was less than 30% (Table 2). These findings indicate that pulsed 630 nm
PBM therapy is effective for reducing the pain severity of PD.

Table 2. Global Evaluation Assessment.

Category Placebo, n (%) Pulsed 630 nm PBM, n (%)

<30 40 (100.00%) 10 (25.00%)
30–49 0 8 (20.00%)
50–69 0 19 (47.50%)
≥70 0 3 (7.50%)

3.5. Quality of Life

Additionally, apart from its efficacy in alleviating dysmenorrhea, the majority of
participants reported that pulsed 630 nm PBM therapy also improved symptoms related to
blood clotting and muscle soreness. Moreover, a subset of participants indicated that pulsed
630 nm PBM was effective for enhancing period regularity, reducing abdominal distension
and pain, relieving breast tenderness, alleviating lumbago, regulating diet, mitigating
headaches, and reducing feelings of agitation. A few participants reported experiencing the
positive effects of pulsed 630 nm PBM on joint pains, diarrhea, constipation, and appetite
(Table 3).

Table 3. Improvements in quality of life and adverse effects during treatment with pulsed 630 nm
PBM in PD participants.

Symptom Numbers of Improved
Volunteers

Numbers of Adverse
Reactions Corresponding Number

Period regularity 12 0 /
Blood clotting 23 0 /

Muscle soreness 24 0 /
Abdominal distension and

pain 16 0 /

Breast tenderness 12 0 /
Joint pain 3 0 /
Lumbago 13 1 28
Diarrhea 6 0 /

Constipation 1 0 /
Appetite 2 0 /

Diet 11 0 /
Headache 12 1 28
Agitation 14 0 /
Insomnia 0 0 /

Nausea sensation 0 0 /

Although no serious adverse events or complications were reported in either group,
during the active treatment period, Case 28 presented with both headache and abdominal
discomfort, characterized by temporary episodes of mild pain and swelling. Volunteers
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provided feedback suggesting that these symptoms may be attributed to excessive work-
load, although the exact cause remains unclear at present. Overall, the incidence of adverse
events was low and the reported side effects were mild and transient. The safety evalua-
tion suggests that pulsed 630 nm PBM treatment is well-tolerated and does not pose any
significant risks or safety concerns for individuals.

3.6. Global Evaluation Assessment

Based on the global evaluation assessment, 73.30% of participants reported that the
pulsed 630 nm PBM treatment was a better way to relieve dysmenorrhea, while 83.30% of
participants reported a less effective pain relief outcome with the placebo device (Table 4).

Table 4. Global Evaluation Assessment.

Placebo, n (%) Pulsed 630 nm PBM, n (%)

Poor (=0) 34 (85.00%) 0
Fair (=1) 4 (10.00%) 2 (5.00%)

Good (=2) 2 (5.00%) 5 (12.50%)
Very good (=3) 0 7 (17.50%)
Excellent (=4) 0 26 (65.00%)
Mean ± SD 0.20 ± 1.80 3.43 ± 1.43

Mean difference ± SE 3.23 ± 0.16
p-Value <0.0001

4. Discussion

PD, characterized by painful menstrual cramps, affects a significant proportion of
women worldwide and often requires medical intervention [21]. The significant factors
contributing to the occurrence of dysmenorrhea, a common menstrual disorder, encompass
hormonal imbalances [8], uterine abnormalities [22], prostaglandin release [23], psychologi-
cal stress [24], and lifestyle factors. NSAIDs and hormonal contraceptives are the mainstay
of treatment for PD, but they are not without limitations. And a significant proportion
of women who suffer from dysmenorrhea obtain no relief from NSAIDs (reviewed by
Oladosu et al. 2018) [25], highlighting the need for extensive research and comprehensive
intervention approaches. In recent years, complementary and alternative medicine (CAM)
approaches have gained attention for the management of PD. These include acupuncture,
transcutaneous electrical nerve stimulation (TENS), PBM therapy, herbal medicine, and
mind-body techniques like yoga and meditation [19,26]. However, the evidence supporting
the efficacy of these CAM therapies is limited, and further research is required to establish
their safety and effectiveness.

During the late 19th century, Nobel laureate Niels Ryberg Finsen extensively docu-
mented the therapeutic use of red light for the management of smallpox, in addition to
the application of ultraviolet light for treating lupus vulgaris [27]. In recent years, there
has been a growing body of research uncovering the pivotal therapeutic potential of light
across various light parameters in the management of superficial diseases. Furthermore,
these studies have revealed significant inhibitory effects for a wide range of pain and
inflammatory conditions [28]. In recent research, Di et al. [10] discovered that red light
therapy exhibited potential in diminishing the progression of hypersensitivity while si-
multaneously facilitating sensorimotor advancements subsequent to spinal cord injury.
Costa and his colleagues showed that 630 nm LED modulate inflammatory process and
increase the vascularity [29]. However, despite its long-standing presence in the medical
field, the clinical application of PBM has remained relatively limited. One of the primary
obstacles lies in achieving an adequate irradiance of light for effective PBM therapy, that
is, the balance between effectiveness and the tolerance of human epidermal tissue to tem-
perature [30,31]. Given the depth of dysmenorrhea lesions, there is still a lack of scientific
data to fully explore the efficacy and safety of PBM in the treatment of PD. Studies have
shown that the targeted delivery of energy with pulsed light allows for precise control and
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minimization of adverse effects [32]. Furthermore, the pulsed nature of the light can reduce
the risk of thermal damage to the surrounding tissues, making it a safer option in certain
medical procedures. Piccolo et al. demonstrated that the red intense pulsed light (595 nm,
25 J/cm2, and pulse duration ranging from 3 to 24 ms) represents an effective and safe
treatment for the most common superficial vascular alterations and could be suggested
as a first choice therapy for facial telangiectasias [33]. Therefore, in this experiment, we
carefully considered the light intensity adopted for PBM treatment, optimized the balance
between temperature tolerance and treatment effectiveness of PBM, and determined the
light parameters according to the transmittance of red light. This pulsed-light strategy
operated at a peak intensity of 25 mW/cm2 with a duty ratio of 40%. Then, we explored
the influence of pulsed 630 nm central wavelength LED on anti-primary dysmenorrhea,
investigated the quality of life of women with dysmenorrhea, and performed a global
evaluation assessment.

The findings of our study revealed a substantial alleviation of primary dysmenorrhea
pain through the intervention of 630 nm pulsed PBM therapy. This result is consistent with,
and even superior to, the previous research on CW [16] and supports the hypothesis that
pulsed red LED light PBM therapy can be an effective approach for managing primary
dysmenorrhea pain. One possible explanation for the superior pain relief achieved through
the use of pulsed PBM therapy is the pulsatile nature of the intervention, which could
result in improved penetration of light into the targeted tissues [34]. This increased tissue
penetration could facilitate the activation of photoreceptors and the subsequent modulation
of cellular processes involved in pain perception and inflammation [9]. Furthermore, unlike
CW light, pulsed light has the unique temporal characteristic of allowing the modulation
of the duration and frequency of light exposure, potentially leading to more precise and
targeted effects [35]. This temporal specificity may enhance the therapeutic efficacy of PBM
by optimizing the activation of specific cellular processes involved in pain modulation [36].
Another potential reason for the enhanced effectiveness of pulsed PBM is the possibility
of avoiding desensitization or adaptation of the targeted tissues. Continuous exposure to
a particular stimulus, such as CW PBM, can lead to cellular adaptation and diminished
response over time [37]. By utilizing pulsed light, we may have circumvented this issue,
ensuring that the tissues remain responsive and receptive to the PBM intervention, thereby
maximizing its therapeutic impact.

This pain reduction could potentially be attributed to the enhancement of local blood
circulation and improved tissue oxygenation within the affected region. Increased angio-
genesis induced by PBM therapy may lead to the formation of new blood vessels, further
improving blood flow and reducing pain [38]. Moreover, PBM has been shown to modu-
late the activity of nociceptive fibers and the transmission of pain signals. By inhibiting
the firing of nociceptive neurons and decreasing the transmission of pain signals, pulsed
630 nm PBM may reduce pain sensitivity in those with PD [39]. It is well-established that
dysmenorrhea is associated with an increased release of pro-inflammatory cytokines, such
as prostaglandins, leukotrienes, and tumor necrosis factor-alpha (TNF-α) [40,41]. These
inflammatory mediators contribute to increased uterine contractility and heightened pain
perception [42]. PBM has been shown to have anti-inflammatory properties, including
the downregulation of pro-inflammatory cytokines and the inhibition of inflammatory
signaling pathways [43,44]. Therefore, it is plausible that pulsed 630 nm may reduce the
release of pro-inflammatory mediators, leading to a decrease in uterine contractility and
subsequent pain relief in those with PD [45].

In this work, quality of life, including changes in blood clotting and muscle soreness,
were also assessed. It was observed that participants receiving active treatment reported
improvements in these domains compared to those receiving the placebo intervention. The
improvement in blood clotting is noteworthy, as excessive clot formation during menstrua-
tion can lead to increased pain and discomfort [46]. By reducing the clot size or frequency,
pulsed PBM therapy may contribute to a more comfortable and less painful menstrual
experience. The precise mechanisms underlying this effect warrant further investigation.
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Furthermore, the observed reduction in muscle soreness is a significant finding, as it is a
common symptom experienced by individuals with primary dysmenorrhea [47]. Pulsed
PBM therapy may attenuate muscle soreness through its potential influence on cellular
metabolism, inflammation, and pain perception, and similar results were reported by
Marchi et al. [48]. By targeting these mechanisms, PBM therapy could potentially alleviate
the muscular discomfort associated with dysmenorrhea, leading to improved physical
comfort and overall well-being. The overall positive impact of pulsed 630 nm PBM therapy
on menstrual symptomatology and quality of life suggests that this intervention has the
potential to be a comprehensive approach to managing primary dysmenorrhea. The safety
evaluation conducted throughout the trial revealed no significant adverse events or side
effects associated with the treatment. This suggests that pulsed 630 nm PBM therapy is
well-tolerated and safe for use in individuals with PD.

Despite the promising findings reported here, several limitations should be acknowl-
edged. Firstly, the sample size of this trial was relatively small; thus, future studies with
larger sample sizes are warranted to validate these findings. Secondly, longer-term studies
are needed to assess the sustainability and long-term effects of pulsed 630 nm PBM ther-
apy. Furthermore, the relationship between light dose and therapeutic effect in human
studies as well as the understanding of the molecular mechanisms is incomplete. Hence,
further exploration is required to fully investigate the potential of pulsed red light PBM as a
promising therapeutic strategy for PD before its successful application in clinical treatment
of dysmenorrhea patients can be achieved.

5. Conclusions

In the present study, we designed pulsed red LED parameters based on light transmit-
tance and found that these parameters conferred a pain suppression effect in women with
PD. The differences in pain intensity and global assessment of pain relief evaluated through
pain relief scores indicated that PBM is significantly superior to white light placebo. The
potential of this treatment modality was further supported by improvements in menstrual
symptoms and quality of life. This study will provide a certain experimental basis for
research on PBM therapy as an anti-primary dysmenorrhea strategy.
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