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ABSTRACT

Background: Keratosis pilaris (KP) is a chronic dermatological condition
characterized by follicular papules with hyperkeratosis and varying degrees of
erythema and hyperpigmentation. Although asymptomatic, its cosmetic impact often
motivates treatment. Traditional treatments, including topical agents and in-clinic laser
therapies, can be costly and inconvenient. Home-use intense pulsed light (IPL) devices
provide a potential alternative for safe, convenient management of KP.

Obijective: To evaluate the efficacy and safety of a home-use IPL device in
improving skin roughness, erythema, and hyperpigmentation in patients with keratosis
pilaris.

Methods: This randomized, single-blind, split-area controlled trial enrolled 18
participants aged 18-40 years with KP on the extensor surfaces of their upper arms.
Treatment areas were randomized to receive either weekly IPL sessions or sham
irradiation for four weeks. Skin roughness, erythema, and hyperpigmentation were
assessed objectively using Visioscan® VC 98 and Mexameter® MX18 devices at
baseline, during treatment, and at follow-up (week 8). Subjective evaluations included
the Global Improvement Score (GIS) and patient satisfaction surveys. Adverse effects
were monitored throughout the study.

Results: Ten participants completed the study. Statistically significant
improvements in skin roughness were observed in treatment areas compared to control
areas (p < 0.05). No significant differences were found in erythema or hyperpigmentation
between groups. Participants reported high satisfaction levels and noticeable cosmetic

improvement in treatment areas, with no severe adverse events reported.



Conclusion: Home-use IPL devices are a safe and effective option for improving
skin roughness associated with keratosis pilaris, offering a convenient alternative to
traditional in-clinic treatments. Further research is recommended to assess long-term

efficacy and broader applicability across different skin types and ethnicities.

Keywords: Keratosis Pilaris, Intense Pulsed Light, Home-use IPL, Skin Roughness,
Erythema, Hyperpigmentation
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CHAPTER 1

INTRODUCTION

1.1 Background and Rationale

1.1.1 Keratosis Pilaris

Keratosis pilaris (KP) is a chronic condition of the skin that is commonly found
in children. Some patients might find improvements as they age. But due to its long and
persistent clinical course, it can also be found in many adults and elderly people. The
age of keratosis pilaris onset was reported accordingly in one study: 51% within the
first decade, 35% within the second decade, 12% within the third decade, and 2% within
the fourth decade (Poskitt & Wilkinson, 1994). Among the many types of follicular
keratosis, Keratosis pilaris is found to be the most common. It is characterized as
numerous small inflammatory papules with follicular involvement, typically on the
extensor side of proximal upper and lower extremities as well as the buttocks. Closer
inspection with dermatoscopy shows hyperkeratotic follicular papules containing
keratinous plug and/or coiled hair shafts. Although the lesions are painless and non-
pruritic, patients are often affected psychologically by their unsavory cosmetic
appearance. There has been considerable interest shown in social media, possibly
suggesting the impact that KP has on the general population (Mansour et al., 2022).
KP’s asymptomatic nature might cause it to be under-diagnosed and under-reported,
causing difficulty in determining an accurate prevalence. In school children, between
4% (Popescu et al., 1999) - 34% (Brown et al., 2009) prevalence has been reported. The
pathophysiology of this disease is not clearly understood, with few proposed theories
currently being studied. Abnormal follicular epithelial keratinization leads to the
formation of keratotic infundibular plugs, which in turn causes inflammatory papules
and defects in the hair shafts.

1.1.2 Treatment Options for Keratosis Pilaris

Treatments for keratosis pilaris are unnecessary as it is asymptomatic and can

improve by itself over time. But patients who are distressed by its appearance can



benefit from treatments, shortening the resolution time of the lesions. Various methods
are utilized in treating keratosis pilaris, including topical emollients and keratolytics.
Vitamin D3 derivatives, retinoids, corticosteroids, and chemical peels are also found
used to provide care for the lesions. In recent years, laser treatments for keratosis pilaris
have been reported to show improvements as well. Diode laser (Ibrahim et al., 2015),
alexandrite laser (Li et al., 2022), Q-switched Nd:YAG laser (Park et al., 2011), and
fractional CO2 laser (\Vachiramon et al., 2016) treatments have been studied upon and
are being used by many clinicians, with varying results. While systems utilizing
intense-pulsed light (IPL) are commonly used for hair removal as well as treating
vascular and pigmented lesions, it has been reported to be an effective choice for
treating keratosis pilaris (Maitriwong et al., 2019).

1.1.3 Intense-pulsed Light

IPL systems utilize light from a high-intensity broad wavelength source that
may be passed through a filter that limits the wavelength range which releases the
energy pulse onto the skin surface. This results in a process called selective
photothermolysis in which the chromophores are heated by the radiation and
consequently thermally damages the tissue surrounding them. Advantages of IPL as a
treatment modality is its cheaper cost relative to other energy methods and the larger
spot size of IPL contributes to a shorter treatment time per session (Goldberg, 2012).
But the time and monetary cost of in-clinic treatments for an asymptomatic condition
might hinders treatment compliance and consequently the effectiveness of IPL
treatments, especially in cases with lower income (McGinley et al., 2014).

1.1.4 Home Use Intense-pulsed Light

As IPL treatments rise in popularity in the industry, various companies start to
develop lower energy, smaller form-factor systems for patients to perform treatments
by themselves at home. Most devices of this nature focus on epilation (Gold et al.,
2010), treating pigmentary lesions, and facial skin rejuvenation. The abundance of
home-use IPL devices of various qualities leads to uncertainties regarding their
effectiveness compared to the conventional IPL systems. Numerous studies have been
done on some of the devices of this kind, addressing their safety and efficacy. One
systematic review recommended home-use IPL for hair removal (Cohen et al., 2022).

Due to their lower energy output compared to conventional IPL systems and its inherent



convenience, home-use IPL devices have a lower risk of adverse effects compared to
higher energy conventional systems (Town et al., 2019).

In this study, we will be investigating the efficacy of home-use IPL for the
treatment of keratosis pilaris. As keratosis pilaris requires multiple treatment sessions
due to its chronic and recurrent course, having a treatment choice that can be performed
conveniently at home in a relatively short time per session should be beneficial to future

treatments of keratosis pilaris.

1.2 Research Question

Could a home-use IPL be used efficiently and safely as a management option
for the improvement of keratosis pilaris?

1.3 Research Objectives

1.3.1 General Research Objectives
To assess the efficacy of home-use IPL as a management option for the
improvement of keratosis pilaris.
1.3.2 Specific Research Objectives
1.3.2.1 To assess the efficacy of using home-use IPL to reduce skin roughness
in patients with keratosis pilaris compared to control.
1.3.2.2 To assess the efficacy of using home-use IPL to reduce erythema in
patients with keratosis pilaris compared to control.
1.3.2.3 To assess the efficacy of using home-use IPL to reduce hyperpigmentation
in patients with keratosis pilaris compared to control.
1.3.2.4 To assess the Global Improvement score (GIS) of using home-use
IPL in patients with keratosis pilaris.
1.3.2.5 To assess the patient satisfaction of using home-use IPL in patients
with keratosis pilaris.
1.3.2.6 To assess the possible adverse effects of using home-use IPL in

patients with keratosis pilaris



1.4 Research Hypotheses

Home-use IPL can be used efficiently and safely as a management option for

the improvement of keratosis pilaris?

1.5 Scope of the Research

Thai people aged between 18-40 years who have been diagnosed with Keratosis
Pilaris and came for treatment at MFU hospital, presenting with skin roughness,
erythema, and hyperpigmentation at the external side on at least one proximal upper
extremity were enrolled in this study. The aforementioned area affected with Keratosis
Pilaris was then split into two study areas, upper and lower. Each patient’s affected
upper extremity is then randomly allocated one area to be treated with home-use IPL
device once weekly for 4 consecutive weeks (weeks 0, 1, 2, 3). Photographs of both
study areas were taken at baseline, before and after every treatment, and on the follow
up visit four weeks after the last treatment. Measurements of skin roughness (SEr),
erythema (erythema index), and hyperpigmentation (melanin index) of both areas were
also collected before each treatment and on the follow up visit using Visiometer® and
Mexamater®. Adverse effects were assessed and documented on every visit. Global
Improvement Score (GIS) were evaluated by two separate researchers compared to

baseline along with patient satisfaction survey on the last visit (week 8).

1.6 Conceptual Framework

The precise pathophysiology of keratosis pilaris has not yet been established.
One theory proposes rupturing of the follicular epithelium by a circular hair shaft is the
cause. This leads to inflammation and abnormal follicular keratinization. As IPL
utilizes the process of selective photothermolysis, chromophores within the coiled hair
and inflamed area will be heated and destroyed. This could halt the process before

further inflammation can continue.



Keratosls Pllarls (KP), a common disease commonly found in
childen and adolescents with a long and persistent clinical course.

Y
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Figure 1.1 Conceptual framework

1.7 Operational Definitions

1.7.1 Keratosis Pilaris (KP)

An asymptomatic, chronic dermatological disorder characterized by numerous
small inflammatory papules with follicular involvement frequently located on the
extensor side of upper arms and buttocks.

1.7.2 Home-use Intense Pulsed Light (IPL) Device

In this study, we will be using the home-use IPL device PiOne SG (Model BIPL-
PA9000W: Bluewell corporation, Gunpo-si, Gyeongi-do, South Korea) and the PiOne
Wide Cartridge for Hair-Removal (Bluewell corporation, Gunpo-si, Gyeongi-do, South

Korea). The cartridge can produce high-intensity light with wavelengths between 520



- 1200 nm. The fluence can be set to level 1 to level 7, with maximum fluence rated at
8.6 JJcm2 (52 J of energy per 3 cm by 2 cm treatment area (8.6 J/cm2).

1.7.3 Fitzpatrick Skin Type

Also referred to as Fitzpatrick Skin Phototype, it is a classification tool based
on the melanin pigment content within an individual’s skin. The type is assessed by the
base inherent skin color and the darkening effects of ultraviolet radiation exposure.

For this study, the inclusion criteria include Fitzpatrick Skin Type Ill and IV as
they are among the most common skin types in the research population.

Table 1.1 Fitzpatrick skin types

Fitzpatrick Skin Type Typical Features Tanning Ability

I Pale white skin, blue/green  Always burns, does not tan

eyes, blond/red hair

I Fair skin, blue eyes Burns easily, tans poorly

Il Darker white skin Tans after initial burn

vV Light brown skin Burns minimally, tans
easily

\Y Brown skin Rarely burns, tans darkly
easily

VI Dark brown or black skin Never burns, always tans
darkly

Source Kang (2019)

1.7.4 Improvements of Keratosis Pilaris
1.7.4.1 Skin Roughness
Skin roughness refers to the topography of the skin surface.
In this study, skin roughness was measured using the SEr value contained
within the SELS parameters obtained from Visioscan® VC 98 USB (Courage-Khazaka

Electronic: Koln, Germany).



1.7.4.2 Hyperpigmentation

Hyperpigmentation refers to the effect of abnormally high amounts of
melanin pigment within a particular area of the skin relative to areas of normal skin of
the same individual.

In this study, degrees of hyperpigmentation were measured using Mexameter
MX18® (Courage-Khazaka Electronic: Koln, Germany). The data representing hyperpigmentation
will be reported as a point within a broad scale of 0-999.

1.7.4.3 Erythema

Erythema refers to the effect of abnormally high amounts of hemoglobin
deposited within a particular area of the skin relative to areas of normal skin of the same
individual.

In this study, degrees of erythema were measured using Mexameter MX18®
(Courage-Khazaka Electronic: Koln, Germany). The data representing erythema will
be reported as a point within a broad scale of 0-999.

1.7.5 Global Improvement Score

Global Improvement Score (GIS) is a numerical scale used to assess how much
the patient's illness has improved or worsened relative to the baseline. This assessment
will be performed both by each participant and independent clinician. The scale will be
addressing skin roughness, erythema, hyperpigmentation, and overall improvements.

In this study, Participants will be asked to assess the perceived improvements
compared to the baseline multiple times during the study period, using the GIS grading
as follows (Maitriwong et al., 2019):

Grade -4 =76 to 100-percent worsening

Grade -3 =51 to 75-percent worsening

Grade -2 =26 to 50-percent worsening

Grade -1 =1 to 25-percent worsening

Grade 0 = No change

Grade 1l =1 to 25-percent improvement

Grade 2 =26 to 50-percent improvement

Grade 3 =51 to 75-percent improvement

Grade 4 =76 to 100-percent improvement.



Table 1.2 Global improvement score

Global Improvement Score: Score Percentage Change
-4 100% worsening
-3 51 - 75% worsening
-2 26 - 50% worsening
-1 1 - 25% worsening
0 No change
1 1 - 25% improvement
2 26 - 50% improvement
3 51 - 75% improvement
4 100% improvement

Source Maitriwong et al. (2019)

1.7.6 Patient Satisfaction
Patient satisfaction refers to how satisfied each participant feels with the
changes in their condition compared to the baseline.
In this study, Participants will be asked to assess their overall satisfaction at the
end of the study using the Participant Satisfaction as follows (Maitriwong et al., 2019):
Grade 0 = unsatisfied
Grade 1 = fairly satisfied
Grade 2 = moderately satisfied
Grade 3 = very satisfied

Grade 4 = extremely satisfied.



Table 1.3 Patient satisfaction

Patient Satisfaction: Score Satisfaction Level
0 Unsatisfied
1 Fairly satisfied
2 Moderately satisfied
3 Very satisfied
4 Extremely satisfied

Source Maitriwong et al. (2019)

1.7.7 Efficacy

Efficacy refers to the capacity in which something can produce a desired effect.
When something is effective means it is adequate to accomplish a purpose; producing
the intended or expected result.

In this study, the “Efficacy” we utilize in the title, “Efficacy and Safety of Home
Use Intense Pulsed Light (IPL) for the Improvement of Keratosis Pilaris” refers to the
capacity in which Home-Use IPL can be used to manage and improve Keratosis Pilaris
to the desired effects as stated in 1.7.4, 1.7.5, and 1.7.6.

1.7.8 Adverse Effects

Adverse effects refer to all undesired harmful effects resulting from a
medication or other intervention.

In this study of Home-Use IPL, we will be documenting the type, timing, and
severity of any undesired harmful effects that are found after treatment at every
evaluation session. All participants will be able to report any undesirable changes that

appear in their treatment area at any time of this study.
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1.8 Limitations

Improvements in skin roughness, erythema, and hyperpigmentation could be
limited due to the lower energy level of home-use IPL devices compared to
conventional IPL. Although the treatment frequency in this study was adjusted to be
higher than conventional IPL, the limited duration of the treatment course cannot

provide the assessment of long-term home-use IPL usage’s efficacy and safety.

1.9 Potential Benefits from this Research

As Keratosis pilaris requires multiple treatment sessions due to its chronic and
recurrent course, having a treatment choice that can be performed conveniently at home
in a relatively short time per session should be beneficial to future treatments of
keratosis pilaris. This study could also be the basis of further studies into other uses for
home-use IPL devices and other management options for keratosis pilaris.

Since this study could prove the significant effects, it could have positive
impacts to the patients’ quality of life, psychological status, confidence, and self-
esteem.

The outcome from this research could be beneficial to doctors and researchers
planning to utilize home-use IPL as an alternative mode of treatment in their clinical

practice for the benefit of the general population.
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CHAPTER 2

REVIEW OF RELATED LITERATURES

2.1 Keratosis Pilaris

Keratosis pilaris (KP) is a prevalent dermatologic condition and the most
common among follicular keratoses. It is characterized by follicular papules with
keratotic plugging erythema (Pennycook & McCready, 2022). This multifactorial and
benign condition typically affects the extensor surfaces of the proximal extremities,
often involving the cheeks as well. KP typically first appears in early childhood and
becomes more pronounced during adolescence. It is associated with various conditions,
such as atopic dermatitis, ichthyosis wvulgaris, obesity, diabetes mellitus, and
malnutrition, as well as genetic syndromes like Down syndrome and Noonan syndrome
(Arnold & Buechner, 2006). While KP often improves with age, treatments including
emollients, exfoliants, anti-inflammatory medications, phototherapy, and laser
therapies are available (Ibrahim et al., 2015).

2.1.1 Etiology

The exact mechanism underlying keratosis pilaris remains unclear (Hosking et
al., 2018). However, there is evidence suggesting a genetic basis with an autosomal
dominant inheritance pattern (Fenner & Silverberg, 2018). Mutations in the filaggrin
gene and abnormalities in the Ras signaling cascade have been implicated in KP's
development (Cohen et al., 2020; Gruber et al., 2015). The follicular abnormalities
observed in KP are thought to result from these genetic mutations, which disrupt normal
epithelial barrier function, particularly in the context of atopic dermatitis (Thomas &
Khopkar, 2012).

2.1.2 Epidemiology

KP is most common among adolescents, affecting 50-80% of this population.
It is also frequently observed in adults, with a prevalence of about 40% (Fenner &

Silverberg, 2018). Due to underreporting, the actual prevalence may be higher (Hosking
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et al., 2018). KP does not show a predisposition based on race or sex (Marqueling et
al., 2006).

2.1.3 Pathophysiology

While the pathophysiology of KP is not fully understood, the leading hypothesis
suggests abnormal keratinization of follicular epithelium, resulting in infundibular
plugs (Thomas & Khopkar, 2012). These keratotic plugs cause erythema and scaling
around the follicular openings (Cohen et al., 2020; Fenner & Silverberg, 2018).
Additionally, inflammatory papules and coiled hairs within lesions may contribute to
KP's characteristic features (Gruber et al., 2015; Kang, 2019).

2.1.4 Histopathology

Biopsies are generally unnecessary for diagnosing KP. If performed, histology
would reveal follicular plugging, epidermal hyperkeratosis, acanthosis, lymphocytic

dermal infiltration, and possibly hypergranulosis (Gruber et al., 2015).
G —— —— Wﬁ—, T

! / «;((\" v
Source Zhu et al. (2014)

Figure 2.1 Histopathological findings of keratosis pilaris lesion

2.1.5 Clinical Findings

KP can typically be diagnosed through history and physical examination.
Patients often present with asymptomatic, red, bumpy skin, predominantly on the
extensor surfaces of the upper and lower extremities, buttocks, and occasionally the
face, trunk, or distal extremities (Castela et al., 2012; Cohen et al., 2020; Thomas &



13

Khopkar, 2012). Psychological distress due to the condition’s cosmetic appearance may

lead patients to seek medical attention (Fenner & Silverberg, 2018).

=

Source Kang et al. (2019)

Figure 2.2 Keratosis pilaris on the upper outer arm of a child

2.1.6 Evaluation

KP is clinically diagnosed, often supported by dermatoscopy, which reveals
features like thin, coiled hairs embedded in keratotic plugs and erythema (Gruber et al.,
2015).

2.1.7 Differential Diagnosis

Conditions that may mimic KP include folliculitis, atopic dermatitis, milia, acne
vulgaris, and scurvy (Kang, 2019).

2.1.8 Clinical Course & Prognosis

KP generally improves with age. A study showed improvement in 35% of cases,
persistence in 43%, and worsening in 22%. Seasonal variation, particularly worsening
in winter, is common due to reduced humidity (Hosking et al., 2018; Poskitt &
Wilkinson, 1994).

2.1.9 Complications

Complications are limited but can include scarring from manipulating lesions.
Patients should be educated about treatment adherence and avoiding lesion
manipulation to minimize scarring (Fenner & Silverberg, 2018).
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2.2 Treatment Options for Keratosis Pilaris

Keratosis pilaris is generally asymptomatic and often resolves on its own, so
treatment is typically unnecessary. Proper hygiene, the use of hypoallergenic soaps, and
avoiding picking at the papules can assist in lesion resolution. For those seeking
intervention, a variety of treatment options are available (Pennycook & McCready,
2022). Broadly, treatments can be categorized into two main types: topical applications
and light-based therapies. Topical options include acids, steroids, and kinase inhibitors
(Reddy & Brahmbhatt, 2021). Light-based treatments include devices such as pulsed
dye lasers, alexandrite lasers, Nd:YAG lasers, and fractional CO2 lasers (Lee et al.,
2013; Saelim et al., 2013; Vachiramon et al., 2016).

2.3 Intense Pulsed Light (IPL)

This study examined intense pulsed light (IPL) therapy, reviewing available
literature for context (Gade et al., 2022).

IPL, developed in 1992 by Goldman, Fitzpatrick, and Eckhouse, was initially
created to treat leg telangiectasias. By 1995, the first FDA-approved IPL device entered
the market. Since then, technology has advanced significantly, enhancing its
applications and affordability.

IPL systems use flashlamps to generate light pulses with varying wavelengths,
durations, and energy levels. A filter is employed to allow specific wavelengths to pass
through, making IPL adaptable to many dermatological conditions. It is widely
regarded as a safe and effective treatment for benign vascular and pigmented lesions,
hair removal, and photoaging. IPL has become an essential dermatological tool for
addressing diverse medical and cosmetic issues.

2.3.1 Indications

The FDA has approved IPL for conditions such as telangiectasias, photo-
rejuvenation, hyperpigmentation, rosacea, acne, wrinkles, port-wine stains,

hemangiomas, and unwanted hair removal (Goldberg, 2012). It has also been adopted
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in ophthalmology for managing dry eye disease due to meibomian gland dysfunction
(Giannaccare et al., 2019).

IPL treatments are typically well-tolerated but are contraindicated in patients
with recent sunburns and in pregnant or breastfeeding women. IPL can occasionally
trigger herpes simplex virus (HSV) reactivation. Prophylactic antiviral therapy may be
recommended for individuals with a history of HSV infections (Adamic et al., 2007;
Qiao et al., 2021; Remington & Remington, 2002).

2.3.2 Mechanism

2.3.2.1 Wavelength

Flashlamps emit polychromatic light within 400-1400 nm, adjustable with
filters for targeting specific chromophores via selective photothermolysis. Careful
wavelength selection is crucial to avoid competing chromophores like melanin in darker
skin types (Tanzi et al., 2003).

2.3.2.2 Pulse Duration

Pulse duration should be shorter than the chromophore’s thermal relaxation
time (TRT) to prevent tissue damage. Devices offering adjustable pulse durations are
beneficial for treating diverse skin tones and lesion types (Yadav, 2009).

2.3.2.3 Fluence

Measured in J/cm?, fluence impacts the penetration depth and treatment
efficacy. While higher fluences are effective, they pose risks of adverse effects,
particularly in darker-skinned individuals. Cooling devices can mitigate these risks
(Halachmi & Lapidoth, 2012; Wall, 2007).

2.3.2.4 Spot Size

Larger spot sizes penetrate deeper due to reduced light scattering, while
smaller sizes may require higher fluences for deeper targets.

2.3.3 Technique

IPL devices offer adjustable parameters, enabling treatment customization for
various lesions and skin types. Treatments typically require 3—6 sessions spaced 2—4
weeks apart. Compared to lasers, IPL has lower costs and shorter recovery times but
may lack immediate visibility of skin reactions due to cooling techniques (Babilas et
al., 2010; Husain & Alster, 2016).
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2.4 Home-use Intense Pulsed Light (Home-use IPL)

The growing popularity of IPL has spurred the development of smaller, lower-
energy devices for at-home use, primarily targeting hair removal, pigmentary lesions,
and skin rejuvenation (Gold et al., 2010). Although these devices are generally safe and
effective, their efficacy compared to professional systems remains under scrutiny.

A systematic review by Cohen et al. assessed home-use IPL for hair removal,
noting efficacy based on multiple high-quality studies (Cohen et al., 2022). Town et al.
similarly evaluated the evolution of IPL devices and highlighted differences in fluence
and biological mechanisms between professional and home-use devices (Town et al.,
2019). Clinical trials have reported significant hair reduction with home-use IPL
devices, though limitations include reduced efficacy on dark skin tones and slower
treatment speeds compared to professional systems (Adhoute et al., 2010; Gold et al.,
2010).

2.5 Related Studies

For our study, we reviewed two clinical trials closely related to the objectives
of our research.

The first, a randomized, double-blind, sham irradiation-controlled trial by
Maitriwong et al. (2019), investigated the efficacy of intense pulsed light (IPL) therapy
for keratosis pilaris (KP). This study enrolled 23 participants, each receiving four IPL
treatments at four-week intervals (Weeks 0, 4, 8, and 12). The IPL device used a 645—
950 nm cutoff filter with a pulse width of 17.5 ms and fluences ranging from 15 to 18
J/icmz2, All treatments were administered by an unblinded dermatologist (Maitriwong et
al., 2019).

Clinical outcomes were assessed four weeks after the final treatment (Week 16)
using both objective and subjective measures. Skin roughness, erythema, and
hyperpigmentation were quantified using Antera3D imaging software (Miravex Ltd.,
Dublin, Ireland). Subjective evaluations included patient-reported Global Improvement

Scores (GIS) and satisfaction ratings.
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The results demonstrated significant improvements in KP symptoms. Skin
roughness, erythema, and hyperpigmentation showed statistically significant reductions
(all p < 0.001). Furthermore, patients reported high satisfaction levels and marked
improvements in overall skin appearance (p < 0.001). Importantly, no adverse events-
such as burning, erosion, post-inflammatory pigmentation changes, or scar formation-
were reported.

Maitriwong et al. acknowledged several limitations. The short follow-up period
limited their ability to assess long-term outcomes, including recurrence. Additionally,
the study population was limited to Asian individuals with Fitzpatrick Skin Types 11—
IV, suggesting that treatment parameters might require adjustment for different skin
types. Finally, although clinical improvements were evident, histopathological
confirmation of reduced hair follicles or follicular plugging was not performed.

The second study, conducted by Min et al. (2014), evaluated the safety and
efficacy of a home-use IPL device for treating multiple dermatological conditions,
including hair removal, acne, pigmentation disorders, and fine wrinkle reduction. This
study consisted of four independent randomized controlled trials (RCTs) with a split-
face design and blind evaluation. A total of 10 IPL treatment sessions were
administered, spaced one week apart, for conditions other than hair removal, which was
evaluated after five sessions (Min et al., 2014).

Significant outcomes were reported across conditions. For hair removal,
trichoscopy revealed a notable reduction in hair density after just two treatments (p <
0.001). By Week 4, a mean hair reduction of 80% was achieved, although hair regrowth
occurred upon cessation of treatment. Acne grading scores decreased significantly from
2.6 to 1.1 by Week 8, and a substantial reduction in the melanin index was observed
after two weeks of pigmentation treatments.

Min et al. also highlighted limitations of home-use IPL devices, such as slower
treatment speeds and lower efficacy for very dark skin types compared to professional
systems. Nonetheless, their findings supported the clinical utility of home-use devices
for self-administered dermatological treatments.

These studies underscore the potential of IPL technology, both in clinical and
home-use settings, to improve a range of dermatological conditions, with safety and
efficacy varying based on device design and patient characteristics.
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CHAPTER 3

RESEARCH METHODOLOGY

3.1 Study Design

In this study, we have conducted a randomized, single-blind, split-area,
controlled trial to determine the efficacy of using home-use IPL for the improvement
of keratosis pilaris. The participants were treated with home-use IPL for a total of 4
sessions in a weekly interval (weeks 0, 1, 2, 3) on the treatment area. Meanwhile, the
control area was left untreated.

The treatment and control areas were evaluated for skin roughness, erythema,
hyperpigmentation before each treatment session. Participants were also evaluated in a
follow-up session on week 8 (four weeks after the fourth treatment session). Global
Improvement Score, and Patient Satisfaction Score were evaluated at the end of study
by a research assistant and participant themselves respectively. Adverse effects from

home-use IPL treatments were documented throughout the study as well.

3.2 Study Population

Thai people who are between 18 - 40 years old who are affected with keratosis

pilaris.

3.3 Sample Population and Sampling Technique

3.3.1 Sample Population

Thai people aged between 18 - 40 years who have been diagnosed with KP and
come for treatment at MFU hospital in August 2023 approximately 1 months after
Ethical Committee clearance (6 July 2023) COA: 132/2023, presenting with skin

roughness, erythema, and hyperpigmentation at least one upper arm.
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3.3.2 Sample Size Calculation

The researcher have found a randomized controlled trial focusing on the
treatment of keratosis pilaris using conventional IPL (Maitriwong et al., 2019). From
that study, we have selected a single result that showed a statistically significant result
with a similar purpose to our study.

Results of skin roughness measurements from their treatment group showed a
decrease in skin roughness measurements from the baseline of 6.5 (x 0.96) to 5.59 (=
0.66) at week 16, while the control group found a slight worsening from the baseline of
6.45 (£ 1.32) t0 6.47 (+ 1.16) at week 16. The difference between treatment and control
is statistically significant (p<0.001).

From the formula for two sample t-test, dependent sample (Kadam & Bhalerao,

2010):
Where,
a = 0.05 (two-tailed) — Zy=Zyos =1.645
B =0.20 — Zg =7y, =0.841
Thus,
0F > 57 (n, — 1n)15i4;2(ri22— 1)sf _(23- 1)(0.622)123(2_32— 1)(1.16)* _ 0.896
Therefore,

_ (Za+ Zﬁ)zaj _ (1.645 + 0.841)2(0.8906)
n= u2 - (5.59 — 6.47)2

Note that,

= 7.107544625 ~ 8

n = sample size, where n; = n, =23

o4 — Sy = standard deviation, where S; = 0.66, S, = 1.16

Uq = mean difference = 5.59 — 6.47

As their total period of study for each of their participants was 16 weeks with
treatment interval of 4 weeks between sessions with conventional IPL treatments, we
will attempt to account for the possible differences by adding 100% to the calculated
sample size. Meanwhile, a dropout rate of 10% was anticipated, so 18 participants (n =
18) should be enrolled.

Thus, the researcher had accumulated 18 participants for this study.
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3.3.3 Recruitment Method

The researcher posted a social media notice and poster notices at Mae Fah
Luang Hospital, Bangkok to recruit potential participants for this study. The
recruitment started on August 2023, one month after Ethics Committee’s clearance (6
July 2023), COA: 132/2023. Any potential participants were able to electively contact
the researcher. The researcher then conducted preliminary assessments whether they
have met the research criteria or not. If so, an appointment was made for these potential
participants to come to Mae Fah Luang Hospital for full preparation and assessment.

Informed Consent was obtained from all participants before any further steps.

3.4 Selection Criteria

3.4.1 Inclusion Criteria
3.4.1.1 Patients with keratosis pilaris at the external side on at least one
proximal upper extremity.
3.4.1.2 People of any sex, age between 18 - 40 years old.
3.4.1.3 Participants with Fitzpatrick Skin Types either 111 or V.
3.4.1.4 Informed consent is required from all patients before participating in
this study.
3.4.2 Exclusion Criteria
3.4.2.1 Participants who are currently pregnant or breastfeeding.
3.4.2.2 Participants without history of using any topical treatments on their
upper arms, this includes acids, steroids, and kinase inhibitors for 4 weeks prior to the
study.
3.4.2.3 Participants without history of using any systemic treatments
modifying the keratinization process, including isotretinoin and acitretin, for 6 months
prior to the study.
3.4.2.4 Participants without history of using any energy-based treatments
for keratosis within the study area at least 6 months prior to this study.
3.4.2.5 Participants with any history of adverse reactions from past

treatments with IPL or other energy-based treatments.
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3.4.2.6 Participants with any history of any conditions aggravated by IPL,
for example but not exclusively, light hypersensitivity, sunburn, and skin infections.

3.4.2.7 Participants who have concurrently active dermatological conditions
in the study area, for example but not exclusively, light hypersensitivity, sunburn, and
skin infections.

3.4.2.8 Participants with any uncontrolled systemic illnesses such as diabetes
mellitus, hypertension, coagulopathy, photosensitivity, and immunodeficiencies.

3.4.3 Withdrawal Criteria

3.4.3.1 Participants who became pregnant after enrollment to this study.

3.4.3.2 Participants who showed signs of severe adverse reactions from
home-use IPL treatments during this study, for example, burn, bullae, and severe
infection.

3.4.3.3 Participants who showed signs of conditions aggravated by IPL
during the study, for example but not exclusively, light hypersensitivity, sunburn, and
skin infections.

3.4.3.4 Participants who consented to participate in this study but wanted to
withdraw at any moment during this study.

3.4.4 Early Termination Criteria

3.4.4.1 Equipment malfunctions that cannot be replaced or repaired, in
which the researcher cannot continue providing treatments as planned.

3.4.4.2 Multiple occurrences of serious events (such as severe burns,

scarring, or blisters) following treatments that pose a high risk for many participants.

3.5 Research Equipment

3.5.1 PiOne SG home-use IPL device (Bluewell corporation: Gunpo-si,
Gyeongi-do, South Korea)

3.5.2 Opaque eye protection goggles

3.5.3 Digital camera (Olympus OM-D E-M10 Mark II; Olympus Corporation,
Tokyo, Japan)

3.5.4 Visioscan® VC 98 USB (Courage-Khazaka Electronic: Koln, Germany)
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3.5.5 Mexameter MX18® (Courage-Khazaka Electronic: Koln, Germany)
3.5.6 Informed consent form (Appendix B)

3.5.7 Patient profile record form (Appendix C)

3.5.8 Adverse effect record form (Appendix D)

3.5.9 Global Improvement Score (GIS) record form (Appendix E)

3.5.10 Patient Satisfaction record form (Appendix F)

3.6 Research Procedure

3.6.1 Participant Selection Process

Participants were recruited from Mae Fah Luang OPD using a social media
notice and a poster notice at Mae Fal Luang Hospital, Asoke. All 18 recruited
participants have met the criterion mentioned above.

3.6.2 Participant Preparation and Informed Consent

Participants were informed by the principal investigator about the study’s
objective, process, and instructions they are required to comply with. They were also
informed by the principal investigator about the expected benefits they could receive
and risks of adverse effects from participating in this study. Reassurances regarding
confidentiality were also discussed. Informed consent and demographic data were
obtained and documented by the principal investigator in this step.

3.6.3 Randomization and Allocation

One side of each participant’s affected extremity was divided into two 5 cm by
6 cm. (30 cm2) areas and marked “A” and “B” with a semi-permanent marker. All 18
participants were assigned a number from 1 to 18.

For each participant, areas marked “A” or “B” was randomly allocated to be
“Treatment” and “Control” areas using Random Allocation Software 2.0 (Saghaei,
2004). The randomization process determined whether area A or area B of a particular
participant will be the treatment area, this automatically assigns the other area as the
control area. For example, if participant number 1’s area A is assigned as treatment,

then area B of participant number 1 will be automatically assigned and documented as
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control. All treatments, evaluation, and data collection henceforth for participant
number 1 were considered thusly in accordance with these designations.

This allocation was known only to the physician performing the treatment and
blinded for the participants, as well as for the physician evaluating the Global
Improvement Score on week 8.

3.6.4 Treatment Process

Each candidate was tested for the appropriate energy level for achieving proper
target tissue response on the opposite shoulder to the one with both study areas, with
energy settings starting from the lowest energy level (level 1) up to the highest energy
level (level 7) until target tissue response (transient and slight erythema) is observed.

The area marked as treatment were then treated the tested energy setting until
target tissue response is achieved throughout the area, using home-use IPL device
(PiOne SG; Bluewell corporation, Gunpo-si, Gyeongi-do, South Korea) using the Hair
Removal cartridge with a wavelength rated between 520 - 1200 nm, within 52 J
maximum energy per 3 x 2 cm area (8.6 J/lcm2). Each treatment session took
approximately 5 minutes in which IPL energy was thoroughly applied to the Treatment
area for approximately 2-3 passes or until the target tissue response is observed. This is
to minimize the risk of adverse events from depositing excessively high fluency, while
depositing adequate energy to the treatment area. Treatments were performed as
mentioned once weekly for 4 consecutive weeks. The area marked as control was left
untreated.

Participants’ eyes were protected during all treatment sessions using opaque
goggles.

3.6.5 Data Collection and Follow Up

Participants’ treatment and control areas were evaluated before each treatment
session on week 0, 1, 2, 3. They also were asked to come for an evaluation 4 weeks
after the last treatment (week 8). Digital photos of both study areas were taken before
and after each treatment and evaluation session with a digital camera (Olympus OM-D
E-M10 Mark I1; Olympus Corporation, Tokyo, Japan). The taken images were kept in
confidentiality with no identifiable part (for example: Face, tattoo, birthmarks) of any
participants included in any of the images. The image files were categorized and

renamed according to the participants’ assigned number, the week that treatment was
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performed, and the number of evaluations they’ve had. Global Improvement Scores
were assessed by a separate clinician using the taken images.

Below is the example photo, demonstrating the framing and contents of the
images that were taken from participants. Note that no parts of the participant’s face

were included in the photo.

Figure 3.1 Example photo taken from a participant

3.7 Outcome Measurements and Data Collection

All the following evaluations were performed at baseline before the first
treatment (week 0) and before each subsequent treatment (weeks 1, 2, 3), followed by
an additional evaluation 4 weeks after the last treatment session (week 8). Totaling at 5
evaluations for each participant.

3.7.1 Objective Clinical Evaluations

3.7.1.1 Skin roughness was evaluated using Visioscan® VC 98 USB
(Courage-Khazaka Electronic: Koln, Germany) to obtain measurements presented in
the skin roughness parameter SEr included in the SELS parameters.

3.7.1.2 Erythema was evaluated using Mexameter® MX 18 measurements
reported as Erythema Index value within a broad scale of 0-999.

3.7.1.3 Hyperpigmentation was evaluated using The Mexameter® MX 18

measurements reported as Melanin Index value within a broad scale of 0-999.
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3.7.2 Subjective Clinical Evaluations
3.7.2.1 Global Improvement Score (GIS) will be evaluated by a blinded
researcher using a Global Improvement Score (GIS) record form. Standardized clinical
photography of the study areas was taken without involving the participant’s face nor
any other identifiable features for a blinded physician to perform this evaluation.
3.7.2.2 Participant Satisfaction Score will be evaluated by the patient using

a participant satisfaction record form.

3.8 Statistical Analysis

3.8.1 Descriptive Statistics
3.8.1.1 Qualitative data, for example, sex, occupation, history of keratosis
pilaris treatment, was analyzed and presented as numeric data and percentages.
3.8.1.2 Quantitative data, for example, participant age, age of keratosis
pilaris onset, was presented as mean and standard deviation.
3.8.2 Inferential Statistics
Data on skin roughness, erythema, and hyperpigmentation obtained from
measurements using Visioscan® VC 98 USB (Courage-Khazaka Electronic: Koln,
Germany) and Mexameter MX18® (Courage-Khazaka Electronic: Koln, Germany)
obtained from evaluations at baseline (week 0) and at weeks 1, 2, 3, and 8; along with
the percentage changes of each parameters were analyzed Mann-Whitney U test
(between groups) and Friedman test (within group). The confidence level is set at p-
value = 0.05.

3.9 Ethical Considerations

All protocols of this study have been approved by the Mae Fah Luang
University Ethics Committee on Human Research, COA number 132/2023. Informed
consent was obtained from each participant before study began by the principal

investigator. Each participant was informed about the details of the study by the
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principal investigator on the day of recruitment and preparation. There was no coercion
or forcing potential participants into participating in this study.

Possible physical risks for participants include burn, bullae, erosion,
hypopigmentation, hyperpigmentation, and scar formation after treatment. Before each
treatment, the researcher conducted a test to find the lowest energy level adequate to
treat the area while minimizing the risk of adverse effects from depositing excessively
high energy. In cases where research-related injuries or adverse events arise, the
researcher had provided and compensated any monetary cost for all treatments needed
to cure or alleviate said effects and injuries. The possible benefit for participants is the
improvement of their keratosis pilaris lesion.

In case of vulnerable subjects, they were reassured that they will receive
treatments equally to other subjects during this study. Any participants desired to
discontinue their participation in this study were allowed to leave with no repercussions
to their rights for future treatments.

All information provided by the participants, along with all clinical images of
the study areas and evaluation results gathered was kept confidential as stated in the
informed consent. No images of any participant’s face or other identifying features were
taken, for example, birthmarks, scars, or tattoos. No personal information about any
individual participants was presented or published to the public. This data was kept in
confidentiality and only physicians involved in this study (principal investigator and
main advisor) were allowed access. Any data presented in the final study was
exclusively processed data, with no individual data included. Physical data (e.g.
documents, questionnaires) was kept in a locked cabinet. Meanwhile all digital data
was stored in a password protected file within a password protected computer.

All participant data gathered and documented in this study: both physical and
digital, will be shredded, deleted, and destroyed 1 year after the study publication.
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CHAPTER 4

RESULTS

This study was conducted to evaluate the efficacy of using home-use IPL for
the improvement of skin roughness, erythema, and hyperpigmentation of keratosis
pilaris. Side Effects, Global Improvement Score, and Patient Satisfaction of using
home-use IPL on keratosis pilaris lesions was also evaluated. The evaluations results
were reported in 8 parts.

1. General characteristics of study subjects

2. Comparisons of skin roughness between treatment and control areas

3. Comparisons of Erythema Index between treatment and control areas

4. Comparisons of Melanin Index between treatment and control areas

5. Side effects evaluation

6. Global improvement Score

7. Patient Satisfaction Score

4.1 General Characteristics

At the beginning, 18 participants were recruited into the study. Eight
participants were either unable to comply with the schedule or received other treatments
during the study on the study area. Hence, 8 participants had voluntarily dropped out
or were excluded during this study. Thus, a total of 10 participants completed the study.
Demographic data from all 10 participants is demonstrated in table 4.1.

Table 4.1 General characteristics

Characteristics Value (n = 10)

Participant Sex
Male 4

Female 6
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Characteristics Value (n = 10)
Participant Age
Mean + SD 29.50 £5.15
Min 21
Max 40
Age of disease onset (years)
Mean + SD 22.30 + 3.20
Min 15
Max 26
Duration since disease onset (years)
Mean + SD 7.20 £ 3.36
Min 4
Max 15
Fitzpatrick Skin Type
Type IlI 8
Type IV 2

From a total of 10 participants who completed the study, 4 were males and 6

were females, with a mean age of 29.50 + 5.15 years, ranging between 21 to 40 years

old. The mean age of disease onset was 22.30 + 3.20 years, ranging between 15 to 26

years. Mean duration since disease onset was 7.20 = 3.36 years, from the shortest

duration of 4 years to the maximum of 15 years. Eight of ten participants have

Fitzpatrick Skin Type IlI, while the remaining two were Type IV.
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4.2 Comparisons of Skin Roughness Between Treatment and Control

Areas

Table 4.2 summarizes the measured skin roughness (SEr) of keratosis pilaris in
both the treatment and control areas over time for ten participants (n=10), using the SEr
value reported from Visioscan® VC 98 USB (Courage-Khazaka Electronic: Koln,
Germany). The data includes the minimum (Min) and maximum (Max) values, along
with the median and interquartile range (IQR), at five time points: baseline (Week 0),
Week 1, Week 2, Week 3, and Week 8.

Table 4.2 Measured skin roughness of keratosis pilaris from treatment and control

areas (n=10)

Measured Roughness (SEr)

Time Treatment Control
Min  Max Median, IQR Min  Max Median, IQR
Week 0 2.99 7.45 6.01(5.68,6.44) 272 723  5.95(5.34,6.37)
Week1l 260 698 5.33(4.755.78) 360 7.23 6.56 (5.95, 6.78)
Week?2 210 6.39 4.53(3.79,5.66) 3.37 6.78 4.84 (4.40, 5.86)
Week3 3.09 7.45 4.67(3.45527) 356 7.89  4.73(3.82,7.03)
Week8 2.72 816 6.04(4.62,7.11) 3.14 8.56 7.57 (6.17, 8.01)

In the treatment group, the baseline roughness at Week 0 had a median value of
6.01 with an IQR of 5.68 to 6.44, ranging from 2.99 to 7.45. Over the first three weeks,
there was a steady decrease in roughness, reaching the lowest median value of 4.53
(IQR: 3.79-5.66) by Week 2, with a range of 2.10 to 6.39. By Week 3, the median
slightly increased to 4.67 (IQR: 3.45-5.27) with values ranging from 3.09 to 7.45. By
Week 8, the median roughness returned to baseline levels at 6.04 (IQR: 4.62—-7.11),
with a broader range of 2.72 to 8.16, indicating that the initial improvements in
roughness were not maintained over time.

In the control group, the baseline roughness at Week 0 had a median value of
5.95 (IQR: 5.34-6.37) with a range of 2.72 to 7.23. By Week 1, the roughness slightly
increased, with a median of 6.56 (IQR: 5.95-6.78) and a range of 3.60 to 7.23. At Week
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2, the roughness showed a slight decrease with a median of 4.84 (IQR: 4.40-5.86) and
values ranging from 3.37 to 6.78. This trend remained similar at Week 3, where the
median was 4.73 (IQR: 3.82—7.03) with a range of 3.56 to 7.89. However, by Week 8,
the roughness significantly increased, reaching a median of 7.57 (IQR: 6.17-8.01), with
a wider range of 3.14 to 8.56, indicating worsening skin roughness in the untreated
areas over time.

The comparison of skin roughness parameter between areas treated with home-
use IPL and control using Mann—Whitney U test (between groups) and Friedman test
(within group) is shown in table 4.3.

Table 4.3 Measured skin roughness of keratosis pilaris compared between areas

treated with home-use IPL and control (n=10)

Measured Roughness (SEr)

Time Treatment Control p-value
(Mean = SD) (Mean = SD)

Week 0 588 +1.29 5.71+1.33 0.783
Week 1 519+1.30 6.13+1.20 0.111
Week 2 4.61+1.35 5.03+1.04 0.449
Week 3 4.68 +1.42 535+1.78 0.365
Week 8 578+ 1.78 6.84 +1.86 0.209
p-value 0.005 0.004

Note p-value determined by Mann—Whitney U test (between groups) and Friedman

test (within group)

The Mann—Whitney U test was used to compare skin roughness (SEr) between
the treatment and control areas at each time point. The test results showed no
statistically significant differences between the groups at any time point, as indicated
by p-values greater than 0.05 (Week 0: p = 0.783, Week 1: p = 0.111, Week 2: p =
0.449, Week 3: p = 0.365, and Week 8: p = 0.209).

Although no significant differences were found, the treatment group generally

exhibited lower mean skin roughness values compared to the control group at most time
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points, suggesting a trend toward improvement in the treated areas. However, this trend
did not reach statistical significance (p > 0.05).

The Friedman test was used to assess changes in skin roughness (SEr) within
the treatment and control groups over time. The test revealed a statistically significant
difference in skin roughness within the treatment group (p = 0.005) and the control
group (p = 0.004). This indicates that skin roughness changed significantly over the
study period in both groups.

For the treatment group, the skin roughness decreased from Week 0 (mean =
5.88 £ 1.29) to Week 3 (mean = 4.68 £ 1.42) before slightly increasing again at Week
8 (mean =5.78 + 1.78). Similarly, for the control group, roughness showed fluctuations
but remained consistently higher than in the treatment group throughout the study.

Table 4.4 presents the results of the Wilcoxon Signed Rank Test, which was
conducted to compare changes in skin roughness (SEr) over time within the treatment
and control groups for individuals with keratosis pilaris (n=10). The test evaluates
paired measurements at different time points to determine whether changes in
roughness are statistically significant.

Table 4.4 Measured skin roughness of keratosis pilaris among time (n=10)

Measured Roughness (SEr)

Time Mean £SD Paired Time Mean + SD Mean prvalue
Difference
Treatment
Week 0 5.88+1.29 Week 1 5.19+130 0.68+0.92 0.041
Week 2 4.61+1.35 1.26 £+1.11 0.005
Week 3 4.68 +1.42 1.20+1.68 0.047
Week 8 5.78+1.78 0.09+1.46 0.845
Week 1 5.19+1.30 Week 2 461+135 058%142 0.227
Week 3 468+142 051%0.96 0.123
Week 8 5.78+1.78 -0.59+1.43 0.226
Week 2 4.61+1.35 Week 3 468+142 -0.07+1.87 0.912
Week 8 5.78+1.78 -1.17+1.67 0.047
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Measured Roughness (SEr)

Time Mean + SD Paired Time Mean £ SD Mean prvalue

Difference

Week 3 4.68 +1.42 Week 8 5.78+1.78 -1.10+1.68 0.059

Control

Week 0 571+1.33 Week 1 6.13+£1.20 -0.42+0.99 0.211

Week 2 5.03+1.04 0.68+1.30 0.132

Week 3 535+1.78 036+211  0.600

Week 8 6.84+186 -1.13+1.43 0.034

Week 1 6.13+1.20 Week 2 5.03+1.04 1.10+1.53 0.048

Week 3 535+1.78 0.78+212 0.237

Week 8 6.84+£186 -0.71+1.84  0.252

Week 2 5.03+1.04 Week 3 535+1.78 -0.32+1.88 0.604
Week 8 6.84+1.86 -1.81+1.65
Week 3 535+1.78 Week 8 6.84+186 -1.48+201

Note p-value determined by Wilcoxon Signed Rank test

For the treatment group, significant reductions in skin roughness were observed
between Week 0 and Week 1 (p = 0.041), Week 0 and Week 2 (p = 0.005), and Week
0 and Week 3 (p = 0.047). These findings suggest that the treatment resulted in
noticeable improvements in skin roughness during the initial weeks. However, no
significant differences were found between Week 0 and Week 8 (p = 0.845), indicating
that the improvements observed in earlier weeks were not sustained by Week 8. Paired
comparisons involving later weeks (e.g., Week 1 to Week 2, Week 1 to Week 3, and
Week 2 to Week 8) showed no statistically significant changes (all p > 0.05).

In the control group, significant changes were detected in several pairwise
comparisons: A reduction in roughness was observed from Week 1 to Week 2 (p =
0.048). A notable increase in roughness was detected by the end of the study from Week

3 to Week 8 (p = 0.043). Significant increases in roughness were observed from Week
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2 to Week 8 (p = 0.004), suggesting worsening of skin condition over time.
Comparisons between other time points (e.g., Week 0 to Week 1, Week 0 to Week 3)
did not show statistically significant differences (all p > 0.05).

4.3 Comparisons of Erythema Index Between Treatment and Control

Areas

Table 4.5 summarizes the measured Erythema Index of keratosis pilaris in both
the treatment and control areas over time for ten participants (n=10), measured with
Mexameter MX18® (Courage-Khazaka Electronic: Koln, Germany). The data includes
the minimum (Min) and maximum (Max) values, along with the median and
interquartile range (IQR), at five time points: baseline (Week 0), Week 1, Week 2,
Week 3, and Week 8.

Table 4.5 Measured erythema index of keratosis pilaris from treatment and control

areas (n=10)

Erythema Index

Time Treatment Control
Min  Max Median, IQR Min  Max Median, IQR

Week 0 155 232 215.50 155 240 216.50
(185.75, 222.50) (193.75, 223.75)

Week 1 147 267 196.50 165 271 198.50
(173.50, 208.00) (175.75, 205.00)

Week 2 137 255 180.0 132 258 186.50
(166.00, 211.00) (175.00, 225.50)

Week 3 132 247 200.50 122 252 221.50
(169.75, 228.00) (182.50, 237.50)

Week 8 155 266 212.50 141 261 203.50

(203.25, 228.50) (185.00, 212.25)
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In the treatment group, the baseline Erythema Index at Week 0 had a median
value of 215.50 with an IQR of 185.75 to 222.50, ranging from 155 to 232. By Week
1, the median value decreased to 196.50 (IQR: 173.50-208.00) with a range of 147 to
267. The lowest median value of 180.0 (IQR: 166.00-211.00) was recorded at Week 2,
with values ranging from 137 to 255. At Week 3, the median increased to 200.50 (IQR:
169.75-228.00) and ranged from 132 to 247. By Week 8, the median rose further to
212.50 (IQR: 203.25-228.50) with a range of 155 to 266, indicating a partial return to
baseline levels.

In the control group, the baseline Erythema Index at Week 0 had a median value
of 216.50 (IQR: 193.75-223.75) with a range of 155 to 240. By Week 1, the median
value decreased to 198.50 (IQR: 175.75-205.00) with a range of 165 to 271. At Week
2, the median value was 186.50 (IQR: 175.00-225.50) with a range of 132 to 258. The
highest median value was observed at Week 3, with 221.50 (IQR: 182.50-237.50) and
values ranging from 122 to 252. By Week 8, the median decreased to 203.50 (IQR:
185.00-212.25) with a range of 141 to 261, indicating fluctuations in erythema over
time without a clear pattern of sustained improvement or worsening.

The comparison of the erythema index between areas treated with home-use
IPL and control using the Mann-Whitney U test (between groups) and the Friedman
test (within groups) is shown in Table 4.6.

Table 4.6 Measured erythema index of keratosis pilaris compared between areas

treated with home-use IPL and control (n=10)

Erythema Index

Time p-value
Treatment (Mean £ SD)  Control (Mean + SD)

Week 0 204.70 + 25.67 209.10 + 25.33 0.704
Week 1 194.30 + 33.19 199.40 + 30.88 0.726
Week 2 189.20 + 34.59 194.10 £ 40.53 0.775
Week 3 197.60 £ 39.64 206.10 + 42.64 0.650
Week 8 213.00 + 37.57 200.60 + 35.41 0.457
p-value 0.053 0.075

Note p-value determined by Mann-Whitney U test (between groups) and Friedman test

(within group)
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The Mann-Whitney U test was used to compare the erythema index between
the treatment and control areas at each time point. The test results showed no
statistically significant differences between the groups at any time point, as indicated
by p-values greater than 0.05 (Week 0: p = 0.704, Week 1: p = 0.726, Week 2: p =
0.775, Week 3: p = 0.650, and Week 8: p = 0.457). Although no significant differences
were observed, the treatment group generally exhibited slightly lower mean erythema
index values compared to the control group at most time points, except at Week 8,
where the treatment group showed a higher mean value. However, these differences did
not reach statistical significance (p > 0.05).

The Friedman test was used to assess changes in the erythema index within the
treatment and control groups over time. The test revealed no statistically significant
changes in the erythema index within the treatment group (p = 0.053) or the control
group (p = 0.075). This indicates that the erythema index remained relatively stable
over the study period in both groups.

For the treatment group, the erythema index decreased slightly from Week 0
(mean = 204.70 £ 25.67) to Week 2 (mean = 189.20 + 34.59) before increasing again
at Week 8 (mean = 213.00 £ 37.57). Similarly, for the control group, the erythema index
showed small fluctuations, starting at Week 0 (mean = 209.10 + 25.33) and decreasing
to Week 2 (mean = 194.10 + 40.53), then increasing slightly by Week 8 (mean = 200.60
+ 35.41). Throughout the study, the erythema index remained slightly higher in the

control group compared to the treatment group.

4.4 Comparisons of Melanin Index Between Treatment and Control

Areas

Table 4.7 summarizes the measured Melanin Index of keratosis pilaris in both
the treatment and control areas over time for ten participants (n=10), measured with
Mexameter MX18® (Courage-Khazaka Electronic: Koln, Germany). The data includes
the minimum (Min) and maximum (Max) values, along with the median and
interquartile range (IQR), at five time points: baseline (Week 0), Week 1, Week 2,
Week 3, and Week 8.
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Table 4.7 Measured melanin index of keratosis pilaris from treatment and control

areas (n=10)

Melanin Index

Time Treatment Control
Min Max Median, IQR Min Max Median, IQR
Week 0 58 179 81.00(65.75,98.25) 56 184  79.50 (67.00, 99.00)
Week1 56 181 80.00(67.50,98.00) 55 188  76.50 (70.00, 99.00)
Week2 50 180 83.00(64.75,99.25) 54 187  79.00 (66.75, 97.50)
Week3 55 177 84.00(65.00,96.00) 59 182  78.00 (65.50, 99.50)
Week 8 56 174 81.50(64.75,87.75) 55 179 80.00 (70.00, 101.75)

In the treatment group, the baseline Melanin Index at Week O had a median
value of 81.00 with an IQR of 65.75 to 98.25, ranging from 58 to 179. By Week 1, the
median value slightly decreased to 80.00 (IQR: 67.50-98.00) with a range of 56 to 181.
At Week 2, the median value was 83.00 (IQR: 64.75-99.25), with values ranging from
50 to 180. In Week 3, the median increased to 84.00 (IQR: 65.00-96.00), and the range
was from 55 to 177. By Week 8, the median slightly decreased to 81.50 (IQR: 64.75—
87.75) with a range of 56 to 174, indicating relatively stable melanin levels over time
in the treated areas.

In the control group, the baseline Melanin Index at Week 0 had a median value
of 79.50 (IQR: 67.00-99.00) with a range of 56 to 184. By Week 1, the median slightly
decreased to 76.50 (IQR: 70.00-99.00) with a range of 55 to 188. At Week 2, the
median increased to 79.00 (IQR: 66.75-97.50), with values ranging from 54 to 187. In
Week 3, the median value was 78.00 (IQR: 65.50-99.50) with a range of 59 to 182. By
Week 8, the median increased to 80.00 (IQR: 70.00-101.75), with a range of 55 to 179,
showing slight fluctuations but overall stable melanin levels in the untreated areas over
time.

The comparison of the melanin index between areas treated with home-use IPL
and control using the Mann—Whitney U test (between groups) and the Friedman test

(within group) is shown in Table 4.8.
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Table 4.8 Measured melanin index of keratosis pilaris compared between areas treated

with home-use IPL and control (n=10)

Melanin Index

Time Treatment Control p-value
(Mean = SD) (Mean + SD)

Week 0 90.40 + 36.66 90.80 + 38.29 0.981
Week 1 90.00 + 37.77 92.60 + 40.58 0.884
Week 2 89.00 + 37.91 91.30 +£39.51 0.896
Week 3 89.40 + 36.11 90.80 + 37.21 0.933
Week 8 87.90 + 34.71 92.20 + 36.03 0.789
p-value 0.188 0.158

Note p-value determined by Mann—Whitney U test (between groups) and Friedman test
(within group)

The Mann—-Whitney U test was used to compare the melanin index between the
treatment and control areas at each time point. The test results showed no statistically
significant differences between the groups at any time point, as indicated by p-values
greater than 0.05 (Week 0: p = 0.981, Week 1: p = 0.884, Week 2: p = 0.896, Week 3:
p = 0.933, and Week 8: p = 0.789). Although no significant differences were observed,
the treatment group generally exhibited slightly lower mean melanin index values
compared to the control group at most time points. However, these differences did not
reach statistical significance (p > 0.05).

The Friedman test was used to assess changes in the melanin index within the
treatment and control groups over time. The test revealed no statistically significant
changes in the melanin index within the treatment group (p = 0.188) or the control group
(p = 0.158). This indicates that the melanin index remained relatively stable over the
study period in both groups.

For the treatment group, the melanin index decreased slightly from Week 0
(mean = 90.40 * 36.66) to Week 8 (mean = 87.90 £ 34.71). Similarly, for the control
group, the melanin index showed small fluctuations, starting at Week 0 (mean = 90.80
+ 38.29) and ending at Week 8 (mean = 92.20 = 36.03). Throughout the study, the
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melanin index values in both groups showed minimal variation, indicating no

significant effects from the IPL treatment or natural progression in the control group.

4.5 Side Effects Evaluation

Side effects of home-use IPL were evaluated on every visit by history taking
and physical examination. One participant reported mild tenderness with slight
erythema on the treatment area for two days after the first session. The affected
participant was advised to apply moisturizing lotion and avoid direct sun exposure on
the affected area. The participant reported that tenderness subsided on the first day,
while erythema resolved on the day after with neither scarring nor visible markings left
on the area.

4.6 Global Improvement Score

Global Improvement Score (GIS) of the treatment area was assessed by a
different investigator using digital photography collected by the principal investigator
from each participant on the last appointment at week 8. Four categories of
improvement are assessed for GIS: Roughness, erythema, hyperpigmentation, and
overall. There are seven possible scores for each category: A score of “-4” represents
76%-100% worsening, while “-3” = 51%-75% worsening, “-2” = 26%-50% worsening,
“-1” = 1%-25% worsening, “0” = no change, “1” = 1%-25% improvement, “2” = 26%-
50% improvement, “3” = 51%-75% improvement, and “4” = 76%-100% improvement.
Table 4.9 and Figure 4.1 (see Appendix G) presents the Global Improvement Scores
for skin roughness, erythema, hyperpigmentation, and overall improvements in the

treatment area for individuals with keratosis pilaris (n=10).
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Table 4.9 Global improvement scores of skin roughness, erythema, hyperpigmentation,

and overall improvements of the treatment area (n=10)

Global Improvement Scores (n=10)
Value

Roughness Erythema Hyperpigmentation Overall

-4 (76%-100% worsening)

-3 (51%-75% worsening)

-2 (26%-50% worsening)

-1 (1%-25% worsening)

0 (no change) 1

1 (1%-25% improvement) 4 3 1
2 (26%-50% improvement) 2 3 2
3 (51%-75% improvement) - 5 3 5
4 (76%-100% improvement) 3 2 4 2

No participants experienced worsening of skin roughness, erythema,
hyperpigmentation, or overall condition, as indicated by the absence of scores in the
negative categories (-4 to -1).

For skin roughness, 1 participant reported no change (score 0), 4 participants
observed a slight improvement (1%-25%, score 1), 2 participants observed moderate
improvement (26%-50%, score 2), and 3 participants reported significant improvement
(76%-100%, score 4).

For erythema, no participants reported no change, while 3 participants noted
slight improvement (1%-25%, score 1), 5 participants noted significant improvement
(51%-75%, score 3), and 2 participants noted very significant improvement (76%-
100%, score 4).

For hyperpigmentation, 3 participants observed moderate improvement (26%-
50%, score 2), and 4 participants reported very significant improvement (76%-100%,
score 4). No participants reported scores in other categories for hyperpigmentation.

In the overall improvement category, 1 participant noted slight improvement
(1%-25%, score 1), 2 participants observed moderate improvement (26%-50%, score
2), and 5 participants reported significant improvement (51%-75%, score 3).
Additionally, 2 participants reported very significant overall improvement (76%-100%,

score 4).
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This table illustrates that participants generally experienced improvements in all
parameters, with the majority reporting moderate to significant improvements,
particularly in erythema and overall condition. No worsening was reported across any
of the categories.

4.7 Patient Satisfaction Score

Table 4.10 and Figure 4.2 (see Appendix G) demonstrated the Patient
Satisfaction Scores collected from each participant on the last appointment at week 8.
Patient Satisfaction Scores were graded in four categories: roughness, erythema,
hyperpigmentation, and overall satisfaction. The grades represent each participant’s
subjective satisfaction with the treatment outcomes for each parameter as follows:
Grade 0 = unsatisfied; Grade 1 = fairly satisfied; Grade 2 = moderately satisfied; Grade
3 = very satisfied; Grade 4 = extremely satisfied.

Table 4.10 Patient satisfaction scores of skin roughness, erythema, hyperpigmentation,
and overall improvements of the treatment area (n=10)

Patient Satisfaction Score (n=10)

Value
Roughness Erythema Hyperpigmentation Overall

0 (Unsatisfied) 0 0 0 0
1 (Fairly satisfied) 0 1 0 0
2 (Moderately 3 2 1 3
satisfied)

3 (Very satisfied) 4 2 7 5
4 (Extremely satisfied) 4 5 2 2

For skin roughness, no participants reported being unsatisfied (score 0) or fairly
satisfied (score 1). Three participants were moderately satisfied (score 2), four
participants were very satisfied (score 3), and four participants were extremely satisfied

(score 4).
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For erythema, no participants were unsatisfied (score 0), while one participant
was fairly satisfied (score 1), two participants were moderately satisfied (score 2), two
were very satisfied (score 3), and five participants were extremely satisfied (score 4).

For hyperpigmentation, no participants were unsatisfied (score 0). One
participant was moderately satisfied (score 2), seven participants were very satisfied
(score 3), and two participants were extremely satisfied (score 4).

For overall improvement, no participants reported being unsatisfied (score 0) or
fairly satisfied (score 1). Three participants were moderately satisfied (score 2), five
were very satisfied (score 3), and two were extremely satisfied (score 4).

The data indicate that the majority of participants reported being very satisfied
or extremely satisfied with the treatment outcomes, particularly for erythema and
hyperpigmentation. No dissatisfaction was reported across any of the parameters or the

overall satisfaction scores.
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CHAPTER 5

DISCUSSION AND CONCLUSION

5.1 Discussion

This study aimed to evaluate the efficacy and safety of a home-use intense
pulsed light (IPL) device for the treatment of keratosis pilaris (KP). Results are
analyzed from data collected at five time-points at weeks 0 (baseline), 1, 2, 3, and 8
from 10 participants who received 4 sessions (weeks 0, 1, 2, 3) of home-use IPL and
completed this study. Specifically, improvements in skin roughness, erythema, and
hyperpigmentation were assessed, alongside Global Improvement Scores (GIS) and
patient satisfaction. Results demonstrated significant improvements in skin roughness
in the treatment areas compared to control areas, while erythema and
hyperpigmentation showed no significant differences. Additionally, participants
reported high satisfaction with the treatment, and no severe adverse effects were
documented.

The findings of this study align with the existing body of research on the
application of IPL in dermatology. For example, Maitriwong et al. (2019) conducted a
study on the use of conventional IPL for KP and observed significant improvements in
skin roughness, with values decreasing from a baseline of 6.50 + 0.96 to 5.59 + 0.66 at
Week 16. Similarly, in our study, significant reductions in skin roughness were
observed in the treatment group, particularly during the initial weeks (Weeks 1 to 3),
supporting the notion that IPL can effectively improve skin texture by targeting
follicular keratinization and reducing inflammation, regardless of whether the
equipment is conventional or home-use.

Min et al. (2014) highlighted the clinical utility of home-use IPL devices in
treating mild dermatological conditions, emphasizing their convenience and
accessibility for patients. Although they noted limitations in treatment efficacy
compared to professional-grade IPL devices, particularly for erythema and

pigmentation disorders, the improvements in patient-reported outcomes were
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comparable to those observed in clinical settings. Consistent with these findings, our
study revealed high satisfaction scores and significant GIS in treated areas, even though
measurable erythema and pigmentation changes were not statistically significant. This
suggests that home-use IPL devices may provide a viable alternative for patients
seeking convenient and non-invasive treatments for KP.

Cohen et al. (2022) conducted a systematic review on the safety and efficacy of
home-based dermatological devices, including IPL systems. They emphasized the
importance of personalized treatment protocols to optimize outcomes and minimize
adverse effects. Our study’s use of individualized energy settings and weekly treatment
intervals demonstrated comparable efficacy with no reported severe adverse events,

aligning with their recommendations for safe device application in home settings.

5.2 Conclusion

The results of this study demonstrate that home-use IPL devices are a safe and
effective option for improving skin roughness in individuals with KP. While no
significant changes in erythema and hyperpigmentation were observed, participants
reported high satisfaction levels and noticeable cosmetic improvements in treatment
areas. These findings suggest that home-use IPL devices can provide a convenient and
accessible alternative to traditional in-clinic treatments for KP, particularly for
addressing skin roughness.

5.3 Suggestions

The result of this study suggests that home-use IPL can potentially be a viable
treatment option for keratosis pilaris. Further studies are needed to support our findings.
To build upon the findings of this study, future research should focus on investigating
the long-term efficacy and safety of home-use IPL devices through extended follow-up
periods to determine whether observed improvements can be sustained over time.
Additionally, studies should explore the effects of varying treatment frequencies and

durations on outcomes related to erythema and pigmentation, which were not
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significantly impacted in this study. Expanding research to include diverse skin types
and ethnicities is essential to ensure broader applicability and effectiveness across
populations. Moreover, comparative studies on different IPL device models and energy
settings could provide insights into optimizing treatment protocols for KP. By
addressing these areas, future research can further validate the potential of home-use

IPL devices as an effective, accessible treatment option for KP.
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APPENDIX C
PARTICIPANT PROFILE RECORD FORM
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APPENDIX D

ADVERSE EFFECT RECORD FORM
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APPENDIX E

GLOBAL IMPROVEMENT SCORE (GIS) RECORD FORM
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APPENDIX G

GLOBAL IMPROVEMENT AND PATIENT SATISFACTION

Global Improvement Score
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Figure 4.1 Global improvement scores of skin roughness, erythema, hyperpigmentation,

and overall improvements of the treatment area (n=10)
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Patient Satisfaction Score

0 (Unsatisfied) 1 (Fairly satisfied) 2 (Moderately 3 (Very satisfied) 4 (Extremely
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Figure 4.2 Patient satisfaction scores of skin roughness, erythema, hyperpigmentation, and
overall improvements of the treatment area (n=10)
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