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L
ight-emitting diode (LED) sources are unique in that

they emit a narrow spectrum of light in a

noncoherent manner. The LED was invented in 1962,

but early LEDs lacked the capability to produce biologically

relevant energies. In addition, wavelengths emitted were

broad and varied by as much as 100nm. In the 1990s, the

National Aeronautics and Space Administration (NASA)

developed LEDs that produced a very narrow spectrum of

light that in turn allowed for their first clinical applications.1

Within the past 15 years, a better understanding of

photobiology and an increased demand for minimally

invasive yet effective dermatologic treatments has led to a

growing interest in LED devices.  

To the authors’ knowledge, there has never been a

comprehensive overview of LED-based therapies. The

authors searched Ovid MEDLINE® from 1996 through

December 2013 for articles in which “LED light” or “light

emitting diodes” were stringed with “therapy” and “skin.”

There were 155 total results, and Figure 1 details how the

articles were selected in a PRISMA flow diagram. Here the

authors review the science behind LEDs and then expand

upon the clinical application of red, yellow, blue, and near

infrared (IR) LEDs. Finally, they discuss their own

experiences using a yellow LED device. 

LED TECHNOLOGY
Light-emitting diodes comprise a semiconductor chip

situated upon a reflective surface. Light is produced

when electricity is run through the semiconductor. The

wavelength of light produced is dependent on the

composition of the semiconductor chip. Depth of tissue

penetration, and therefore the light’s target, is primarily

dependent upon the wavelength of the light. A summary

of the parameters of different wavelengths of LED light,

along with their clinical applications, is presented in

Table 1.

Light delivery by LED devices is either continuous or

photomodulated. Photomodulated light is delivered in a

pulsed mode with specific pulse sequences and durations.

There is evidence that photo-modulated light affects cells
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differently than continuous light.1

Commercially available LED units

include wavelengths in the red,

yellow, blue, and near infrared

portions of the spectrum. 

MECHANISM
Research on LED mechanisms

has yielded multiple pathways by

which clinical benefit is achieved.

LEDs appear to affect cellular

metabolism by triggering intra-

cellular photobiochemical re-

actions. Observed effects include

increased ATP, modulation of

reactive oxygen species, the

induction of transcription factors,

alteration of collagen synthesis,

stimulation of angiogenesis, and

increased blood flow.2

Red LEDs specifically have been

shown to activate fibroblast growth

factor, increase type 1 pro-

collagen, increase matrix metallo-

proteinase-9 (MMP-9), and

decrease MMP-1. An increase in

fibroblast number and a mild

inflammatory infiltrate following

exposure has been demonstrated

histologically.3,4

Photomodulated yellow light

alters ATP production, gene

expression, and fibroblast

activity.5–7 Increased ATP pro-

duction is thought to be mediated

via the absorption of photons by

mitochondrial protoporphyrin IX.

Interestingly, only photomodulated

yellow LED has been shown to

produce a tissue response

implying that the light’s ability to affect cells is dependent

on the number and pattern of photon delivery.8

Blue light appears to exert its effect on acne via its

influence on Propionibacterium acnes and its anti-

inflammatory properties. P. acnes contains naturally

occurring porphyrins, mainly coproporphyrin and

protoporphyrin IX. Absorption of blue light by these

molecules is believed to induce a natural photodynamic

therapy (PDT) effect with destruction of the bacteria via

the formation of oxygen free radicals. Blue light’s anti-

inflammatory effect appears to be the result of a shift in

cytokine production.9

Near infrared light, also known as monochromatic

infrared energy (MIRE), is believed to stimulate circulation

by inducing the release of guanylate cyclase and nitrous

oxide, which, in turn, promotes vasodilation and growth

factor production as well as angiogenesis, leading to

subsequent wound healing.10

FDA APPROVED DEVICES AND INDICATIONS
There are numerous manufacturers of LED lights and

some produce systems of different wavelengths. Photo

Therapeutics, Inc. of Carlsbad, California, markets several

LED systems under the brand name Omnilux©. Omnilux

PDT™ (633nm) is indicated for PDT of nonmelanoma skin

cancer (NMSC). Omnilux Revive™ (633nm) is a red light

device marketed for skin rejuvenation. It produces about 30

percent more output energy than the PDT device. Omnilux

Blue™ (415nm) is approved for the treatment of acne and

actinic keratoses (AKs). Omnilux Plus™ (830nm) is an

infrared device indicated for skin rejuvenation and wound

healing.11

More recently, Ambicare Health of Scotland has created

a portable adhesive PDT device called Ambulight PDT™.

Ibbotson and Ferguson12 showed it to be as effective and

less painful in the treatment of nonmelanoma skin cancers

as conventional PDT due to its lower irradiance. It may be
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considered as an alternative treatment for isolated lesions.

Light Bioscience of Virginia Beach, Virginia,

manufactures a yellow light device, GentleWaves® LED

Photomodulation® (590nm). It delivers a 35-second

treatment in a patented 102ms pulsed cycle. While pulsed

light has been shown to be efficacious during testing,

continuous delivery of light was not shown to be efficacious

during initial testing of the device.6

Anodyne Therapy, LLC, of Tampa, Florida, markets the

MIRE therapy system (890nm). The device is marketed for

improving circulation and decreasing pain, stiffness, and

muscle spasm. 

RED LIGHT-EMITTING DIODES
Red LEDs have the deepest tissue penetration of the

visible wavelengths and are therefore used to target dermal

structures, such as adnexa and fibroblasts.13 Red LEDs have

been studied for a wide variety of uses, including wound

healing, photodamage, the treatment of NMSCs,

precancers, warts, and the prevention of oral mucositis in

cancer patients. 

A split-face study of red LED (633nm) in patients who

had undergone blepharoplasty and periocular resurfacing

demonstrated a statistically significant improvement of

edema, erythema, bruising, and pain on the treated side of

the face.14 Red LED (633nm) following erbium-doped

yttrium aluminum garnet (Er:YAG) ablation of

palmoplantar verrucae has been shown to speed recovery.15

A retrospective blinded study by Sakamoto et al16 found

aminolevulinic acid (ALA) or methylester aminolevulinic

acid (MAL) combined with red LED to statistically improve

scar appearance after two or more treatments. In 2011, a

prospective, split-face, double-blind, randomized,

controlled trial by Sanclemente et al17 found that MAL

combined with red LED demonstrated superior efficacy in

treatment of global facial photodamage compared with

placebo and red LED based on Dover’s modified global

photodamage score. The treatment was well-tolerated and

resulted in high patient satisfaction in 80.4 percent of

subjects.17 A similar prospective randomized trial of MAL-

PDT with red light also found global clinical improvement in

10 of 14 patients and histologically found increased collagen

fibers and decreased elastic fibers.18

Red LED light appears to be a promising treatment

option for premalignant and malignant lesions. Successful

treatment of NMSC with red LED was demonstrated by

Calzavara-Pinton et al19 who used two MAL-PDT sessions to

treat 112 biopsy-proven Bowen’s disease (BD) lesions. The

complete response rates were 73.2 percent at three months

and 53.6 percent at 24 months post-treatment. They found

that the best clinical response was in well-differentiated

(Broders’ scores I and II) BD lesions and worst in nodular,

invasive, and/or poorly differentiated (Broders’ scores III

and IV) BD lesions.19 NMSC with red LED PDT was

demonstrated by Wong et al20 who used a red (630nm)

custom-made LED array in conjunction with 2% ALA to

TABLE 1. Parameters of different wavelengths of LED light and their clinical applications

BLUE YELLOW RED IR COMBINED

Wavelength
(nm)

400–470 570–590 630–700 800–1200 Variable

Depth of LED
light penetration

<1mm 0.5–2mm 2–3mm 5–10mm Variable

Deepest target Epidermis Papillary dermis Adnexa
Adnexa and reticular

dermis
Variable

Studied 
therapeutic uses

• Acne

• Combination 

therapy

• Photoaging

• Post laser and IPL

recovery
• Wound healing

• Radiation 

dermatitis

• Post-surgical

recovery
• Post-laser recovery

• Skin rejuvenation

• Photodynamic

therapy
• Photodynamic 

therapy with 
injection of 
sensitizer

• Sunburn protection

• Mucositis

• Wound healing

• Ulcers

• Photorejuvenation

• Combination 

therapy

• Acne

• Photorejuvenation

• Post-procedure

recovery
• Reduction in skin

melanin
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treat Bowen’s disease of the digit. The treatment was

delivered at 240J/cm2 in two 50-minute sessions. Complete

clinical clearance occurred in 3 out of 4 patients, all of

which healed without scarring. Histologic clearance was

confirmed in one of these patients.20 Lopez et al21

demonstrated effective treatment of extensive Bowen’s

disease using red LED PDT preceded by application of MAL

cream. Eighteen patients were treated and 90 percent of

their lesions showed a complete clinical response after 12

weeks with good or excellent cosmetic outcomes in 94

percent of patients at a 12-month follow-up.21 Indeed, a

2011 review article of three databases found that MAL

combined with LED had the highest response rates of 95

percent compared with 82 percent with ALA-PDT.22 In the

United Kingdom, Baas et al23 have shown promising results

in basal cell carcinoma (BCC) treatment after use of a

second-generation intravenous photosensitizer, meta-

tetrahydroxyphenylchlorin (mTHPC), in conjunction with a

red LED (652 nm).23

Additional studies have evaluated the effectiveness of

red LED PDT in the treatment of AKs. Wiegell et al24 have

shown red LED to be more effective than continuous, ultra-

low-intensity artificial daylight in AK therapy.24 In two other

studies, patients underwent two MAL-PDT treatments one

week apart. The first study found a complete response rate

of 59.2 percent in the treatment group versus 14.9 percent

in the placebo group.25 The second study found 68.4 percent

a complete response rate for the treatment group versus 6.9

percent in the placebo group.26 A recent study of 50

patients, however, showed no difference between the

effectiveness of MAL-PDT and pulsed dye laser (PDL) on

AKs, although PDL appears to be easier to use and less

painful.27

A retrospective analysis of off-label PDT with MAL in

Italy suggested a therapeutic role for treatment of

granulomatous dermal disorders and follicular inflammatory

diseases, such as acne vulgaris, granuloma annulare, and

necrobiosis lipoidica.28 Despite these suggestions, a 2011

multicenter study by Berking et al29 did not recommend

MAL-PDT as first-line therapy of necrobiois lipoidica due to

its response rate of 39 percent. 

Red LED (660nm) has been shown to prevent ultraviolet

(UV)-induced erythema. In a study by Barolet et al,30

subjects experienced an increase in minimal erythema dose

(MED) corresponding to approximately a sun protection

factor (SPF) of 15 after a series of 5 to 10 red LED

treatments.30 Whether LED exposure provides a true

reduction in UV damage or just a reduction in erythema was

not assessed. 

Lastly, Whelen et al31 found a beneficial effect of daily red

LED (670nm) treatments on the incidence and severity of

oral mucositis (OM) in pediatric patients undergoing

myeloablative therapy.31 Similarly, Corti et al32 reported that

red LED treatment is safe and capable of reducing the

duration of chemotherapy-induced OM in adults.

YELLOW LIGHT-EMITTING DIODES
Yellow LEDs penetrate the skin between 0.5 and 2mm.

Much of yellow LED application has been focused on

photoaging and as an adjuvant therapy to laser treatment.

Recently, it has also been shown to decrease the intensity

and duration of erythema after fractional laser skin

resurfacing.33

In a large study, Weiss et al6 reported their clinical

experience with photomodulated yellow LED (590nm) in a

total of 900 patients with photoaged skin. Patients received

LED treatment alone or in combination with intense pulsed

light (IPL), PDL, potassium-titanyl-phosphate (KTP) laser,

or infrared lasers. Patients who received LED alone self-

reported a softening of skin and a reduction in fine lines.

Post-thermal/nonablative-treated patients self-reported a

reduction in post-treatment erythema of the primary

treatment. In two studies by Weiss et al, a yellow LED

(590nm) was used on 93 and 90 patients, respectively, with

mild-to-moderate photoaging. In the first study, an

independent observer determined that photoaging was

decreased by one Fitzpatrick wrinkle class in 90 percent of

subjects.8 In the second study, optical profilometry showed

a 10-percent improvement by surface topographical

measurements, and histology showed increased collagen in

100 percent of post-treatment subjects.34

Despite these promising results, a study by Boulos et al35

suggests that these results are complicated by placebo

effect or observer bias. They conducted a study designed to

replicate the results of Weiss. They found similar patient

perceptions, but were unable to replicate the objective data

using a panel of 30 blinded experts, including

ophthalmologists and oculoplastic surgeons.35 The authors’

experience, which will be discussed later, is consistent with

Boulos’ results. 

Khoury and Goldman36 performed a split-face study in

which subjects received two photomodulated yellow LED

treatments after IPL. A blinded observer determined an

approximate 10-percent reduction in erythema on the

treated side. Four patients also reported decreased pain.36

Similarly, photomodulated yellow LED has also been shown

to speed healing and reduce erythema after fractionated

laser therapy.33

DeLand et al37 investigated the value of yellow LED

photomodulation therapy (590nm) in regards to preventing

or improving the skin’s tolerance to radiation dermatitis.

Patients were treated with yellow LED after a series of

intensity-modulated radiation treatments. The majority of

patients experienced a minimal skin reaction to radiation

(grade 0 or 1 radiation dermatitis) and only 5.3 percent of

patients had to interrupt radiation therapy due to a skin

reaction as compared to 68 percent of controls. This

suggests that LED treatments reduced the incidence and

degree of radiation-induced skin reactions as well as the

incidence of treatment interruption because of skin

reaction. However, in a similarly sized study that evaluated

yellow LED photomodulation in patients with radiation

dermatitis, the authors found statistically insignificant

differences between the treatment groups’ and the control

groups’ graded reactions post-radiation therapy. The

percentage of LED-treated patients with grade 0, grade 1,
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grade 2, and grade 3 reactions were 0, 33, 67, and 0 percent,

respectively; the non-treated groups were 7, 27, 60, and 7

percent, respectively. The authors concluded that it did not

reduce any incidence of radiation-induced skin reactions.38

BLUE LIGHT-EMITTING DIODES
Blue LED light (400–470nm) has a maximal penetration

of up to 1mm.2 It is best suited for the treatment of more

superficial conditions, such as AKs, or to target P. acnes in

acne vulgaris. Morton et al39 treated 30 patients with mild-

to-moderate acne with 8-, 10-, or 20-minute blue LED

(415nm) treatments over a period of four weeks. Mean

inflammatory lesion counts decreased at Weeks 5, 8, and 12

by 25, 53, and 60 percent, respectively, with minimal effect

on noninflammatory lesions.39 Tremblay et al40 gave patients

with mild-to-moderate inflammatory acne two 20-minute

treatments of blue LED (415nm) per week for 4 to 8 weeks.

Ninety percent of patients were satisfied with the result.40

Objectively, patients had a 50-percent reduction in lesion

counts and nine patients were completely clear. Two similar

clinical studies showed reductions in lesion size, number,

and erythema in patients as evaluated by physician and

patients after treatment with blue LED.41,42 Although blue

light has been tried in conjunction with ALA in the

treatment of acne of 20 patients, patients experienced

greater side effects and the results were not clinically

significant when compared with blue LED alone.43

Recently, blue LED has also shown promise in the

treatment of thicker lesions such as psoriasis. A 2011

prospective, randomized study of 37 patients showed

statistically significant improvement of irradiated plaques

after four weeks of treatment with an at-home LED-based

on the Local Psoriasis Severity Index (LPSI).44

INFRARED
IR LED treatment can penetrate the skin between 5 and

10mm and has been used to treat wounds, ulcers,

recalcitrant lesions, cutaneous scleroderma, and has even

been shown to treat cellulite.45–47 They are frequently used in

combination therapy with other light devices. 

Data on monotherapy with IR LEDs is limited. In 2007,

Hunter et al48 reviewed the use of an infrared LED device on

several patients: a diabetic with non-healing wounds, a bed-

bound patient with methicillin-resistant Staphylococcus

aureus furuncles, and a patient with painful full-thickness

pressure wounds. Patients received 30-minute IR

treatments 2 to 5 times a week coupled with a topical

treatment of the clinician’s choice. In each case, there was

noted to be increased wound contraction and granulation

and decreased pain, edema, and infection.48 In 2013, Lev-

Tov et al49 concluded that certain low-level IR fluences

resulted in a statistically significant reduction in fibroblast

proliferation than in controls without a reduction in cellular

viability. With more study, this could prove to be beneficial

for scar treatment and wound healing.

Combination therapy using IR A plus visible light

treatment has been shown to be effective in the treatment

of patients with cutaneous scleroderma. Durometry

measurements in 7 out of 10 patients showed a persistent

marked improvement in hardness of the skin after therapy.46

This could prove to be beneficial in the future treatment of

dysmorphism, contractures, and restricted movement. 

COMBINATION TREATMENT
A number of studies have indicated that exposing

patients to a combination of LED wavelengths is more

effective than monotherapy.50–56 This synergistic effect has

been investigated on a variety of skin disorders, most

notably photoaging and acne.

A prospective, placebo-controlled, double-blind, split-

face trial by Lee et al50 randomized patients with facial

rhytides to receive red LED (640nm), IR (830nm), both, or

sham treatments. Patients demonstrated a statistically

significant reduction in wrinkle severity across all treatment

groups; 26, 33, and 36 percent, respectively. Skin elasticity

also improved. Tissue assays were notable for an increase in

collagen and elastic fibers adjacent to highly active

fibroblasts. The pro-inflammatory cytokines interleukin 1β
(IL-1β) and tumor necrosis factor-α (TNF-α) were

increased while interleukin 6 (IL-6) was decreased. In a

separate study, Goldberg et al51 investigated the

combination of red (633nm) and IR (830nm) LED

treatment on photodamaged skin and reported softening of

periorbital wrinkles in 80 percent of subjects. There was

subjective improvement of softness, smoothness, and

firmness. Histologic examination demonstrated increased

number and thickness of collagen fibrils.51 A similar study in

2012 showed increases type I collagen expression and the

number of viable fibroblasts when treated with different

combinations of 630nm, 830nm, and varying wavelengths of

red and IR light.57 Three additional studies investigating the

effects of combination red and IR LED on photodamaged

skin were also reviewed and showed similar results. In all

three of the studies, patients reported subjective

improvement and a slight-to-moderate objective

improvement was observed.52–54

Combination LED for the treatment of acne is also

promising. Lee et al55 treated patients with moderate acne

with a combination of blue (415nm) and red (640nm) LED

devices. A 34-percent improvement in comedone count and

a 78-percent improvement in the number of inflammatory

lesions were observed. Reduced melanin levels were

measured with a Mexameter™ (Courage+Khazaka

electronic GmbH, Cologne, Germany), corresponding to an

overall perception of improved complexion. A similar study

by Sadick et al58 using combination blue and near infrared

(830nm) LED therapy showed improvement in 11

individuals’ lesions an average of 48.8 percent. Goldberg et

al56 treated patients with mild-to-severe acne with

dermabrasion followed by alternating red (633nm) and blue

(415nm) LEDs. There was a 46 percent and 81 percent

decrease in lesion count at four and 12 weeks, respectively.

More recently, Kwon et al59 demonstrated a decrease of

both inflammatory and noninflammatory acne lesions by 77

percent and 54 percent, respectively, following home-use

combined blue and red LED. 
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Preliminary research on nine patients using combination

830nm and 633nm light for the treatment of recalcitrant

psoriasis is promising. Clearance rates by the end of the

follow-up period ranged from 60 to 100 percent with

universally high satisfaction rates.60

THE AUTHORS’ EXPERIENCE
At the authors’ institution, they have used the

GentleWaves® LED Photomodulation® yellow LED device,

which is FDA approved for the treatment of photoaging,

and delivers 250ms pulses of 0.1J/cm2 of energy in a

patented 35-second treatment. However, FDA approval for

these devices did not necessitate demonstration of efficacy.

The authors undertook an open-label, Institutional Review

Board (IRB)-approved trial, with the goal of examining the

effectiveness of photomodulated yellow LED in the

treatment of several common skin conditions. Signed

informed consent was obtained. They enrolled patients with

acne (N=3), rosacea (N=6), photoaging (N=10), alopecia

areata, and androgenetic alopecia (N=2). Study patients

received weekly treatments for eight weeks. A blinded

observer evaluated pre- and post-treatment photographic

images for clinical efficacy and participants were asked to

subjectively rate changes in their skin. Overall treatments

were well-tolerated and most patients completed the eight-

week protocol. Those who discontinued early cited minimal

perceived benefit and the inconvenience of office visits. 

Ten patients were enrolled for photoaging. A modest

improvement in the appearance of fine periocular rhytides

was observed in 8 out of 10 patients, which is similar to

results published elsewhere.6,8 Most patients reported an

overall perceived benefit, although photographic evidence

is subtle (Figure 2). Unlike other studies, none of the

authors’ patients improved their Glogau photoaging score.

One patient, however, perceived such satisfactory

improvement in her photoaging that after the study she has

continued twice-monthly treatments.

Two of four rosacea patients noted a reduction of

erythema that was confirmed with photography (Figure 3).

There was no change in the papulopustular component of

their disease. The effect of yellow LEDs on vasculature has

been demonstrated previously,33,35–38 so it is not surprising

that the erythematotelangiectatic component of rosacea

was more responsive to treatment than the inflammatory

component.

In a patient with a nine-month history of erosive pustular

dermatosis of the scalp, the authors saw a dramatic

improvement after one treatment. However, the condition

recurred about three months later and has not yet been

retreated pending a scheduled visit. Another patient was

given a yellow LED treatment immediately following a 30-

percent glycolic acid peel. She reported less post-procedure

erythema than she had experienced after previous glycolic

peels. 

No clinical benefit was seen in a patient with alopecia

totalis. One woman with androgenetic alopecia was treated;

she reported a slight re-growth over the anterior hairline,

but this was not collaborated with clinical photos. Several

patients were treated for acne and had no clinical

improvement. One patient quit the study after three

treatments because she noticed a flare of her acne.

SIDE EFFECTS 
Generally, minimal to no side effects were experienced.

One patient reported post-treatment erythema that lasted

24 hours. The authors were unable to examine this patient

while symptoms were present and she received additional

treatments without complication. In the other literature

reviewed, side effects were either mild or not reported. It

remains prudent to screen individuals with photosensitive

dermatoses, or those taking photosensitizing medications,

as these are contraindications to treatment.13–15,20,36–40,45

DISCUSSION
While much of the data on LED use in dermatologic

therapy is promising, it is important to highlight the value of

randomized, controlled trials and randomized, blinded trials

for their increased objectivity. From the authors’ review, it

appears as though combination blue-red PDT, ALA/MAL-

Figure 2. Evaluation of photoaging in a 70-year-old patient with

rhytides for 30 years who received eight total treatments on the

forehead and around the eyes
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PDT, and IR therapies have been shown to have the

greatest success as dermatologic therapies for acne,

photodamage, wrinkles, and scar appearance. The double-

blind, randomized, control trial by Kwon et al59 has shown

effective treatment of mild-to-moderate acne using

combination blue-red LED phototherapy. In treating global

photodamage, fine lines, mottled pigmentation, tactile

roughness, sallowness, erythema, and telangiectasia, a

prospective, split-face, double-blind, randomized, placebo-

controlled trial by Sanclemente et al17 on 48 patients found

that MAL-red PDT had superior efficacy compared to

placebo. A similar prospective, randomized trial also found

global clinical improvement of photodamage treated with

MAL-red PDT.18 Wrinkle severity was statistically

significantly reduced by red LED, IR, and a combination of

both in a prospective, placebo-controlled, double-blind,

split-face trial by Lee et al.50

Scar appearance has been shown to have statistically

significant improvement as determined by three board-

certified dermatologists after ALA/MAL-PDT treatments

based on the retrospective study of 21 patients by

Sakamoto et al.16

Although these studies have demonstrated some of the

beneficial uses of LED therapy, there are other randomized,

controlled trials that have shown the ineffectiveness of LED

therapies. For example, yellow LED alone has been shown

in a randomized, controlled, double-blind study to not

prevent radiation dermatitis in patients with breast cancer.38

A retrospective study by Berking et al29 on the treatment of

necrobiosis lipoidica with MAL/ALA-PDT showed a low

response rate suggesting that it not

be used as first-line therapy.

The authors’ own experience

with photomodulated yellow LED

studied a small number of patients

and does not allow for any definitive

statements to be made about the

yellow LED device. Nevertheless,

the mixed results, they believe, are

more a function of the energy

settings used than a reflection on

the technology as a whole. 

Indeed, the beneficial use of

LED for phototherapy exists, but

improved data in fluence

parameter use must be explored.

The authors also suggest that

additional randomized, controlled,

blinded trials be completed with

red, yellow, blue, and IR LED in

order for definitive practice

guidelines to be made. As LED

device use expands and their

indications become better defined,

more efficacious treatments will be

available. This is an exciting field

that has yet to reach its full

potential.
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