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ABSTRACT 

Photobiomodulation therapy uses light from a laser and is, therefore, a non-invasive, non-thermal 

treatment that is effective in reducing chronic pain and inflammation, stimulating wound healing and tissue 

regeneration. Due to its accessibility and ease of use, it is also being explored as an alternative to lipoplasty for 

fat removal. This review covers literature focusing on the applications of photobiomodulation therapy, with 

particular emphasis on the safety and efficacy of this therapy on fat loss. Based on the studies reported, 

photobiomodulation therapy is a safe technique that showed promising results in reducing the circumference of 

treated body parts. Also, photobiomodulation therapy is particularly effective when used in combination with 

exercise and physical therapy. The mechanism of action of how photobiomodulation therapy removes fat from 

the cells is controversial and requires further investigation. Very little scientific indication endures in support of 

the claims that infrared light, whether dispensed by laser, lamp, or while in a body wrap, can assist people to 

lose extra weight or shape their physique. Moreover, additional studies demonstrating the efficacy of photo 

modulation therapy in larger groups would be helpful in establishing this technique for regular clinical use.  

Keywords: Low-level laser therapy (LLLT), fat loss, obesity, lipoplasty, photobiomodulation, weight loss, light 

emitting diodes (LEDs) therapy. 
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1. INTRODUCTION

The obesity rates have more than doubled in adults and children since the 1970’s 1, and nearly two-thirds of 

adult Americans are overweight or obese nowadays 2. Moreover, obesity was associated with a state of chronic, 

low-grade inflammation, cancer, increased risk of cardiovascular disease, stroke, type 2 diabetes mellitus, 

hypertension, and osteoarthritis 1, 3, 4.Due to these health risks and prevalence of obesity, it continues to be a 

leading cause of preventable deaths. Changes in lifestyle, such as exercising more and consuming fewer calories 

are the first solutions to combat obesity. In particular, emphasizing portion control, calorie-counting, self-

monitoring, and gradual increases in activity, starting with everyday events are the best steps towards a healthier 

lifestyle5. However, localized pockets of stubborn fat sometimes fail to disappear despite diet and exercise, and 

this can cause stress and lack of self-confidence in individuals. Removing stubborn fat from targeted areas using 

a series of lipoplasty regimens is a safe and an efficient way of eliminating that fat, and can complement to a 

medically approved weight loss program 6-8.  

The established techniques of lipoplasty including ultrasound and laser methods have provided further 

advancement in this field. The ultrasound or laser is used to transmit energy to emulsify the fat and make it 

easier to suction out. However, these techniques are invasive and carry risks of minor and major complications. 

Common but minor complications are discoloration of the treated skin, infections, numbness, fluid 

accumulation, and contour irregularities. Serious side effects are reported in 1:5000 cases and include internal 

puncture, fat embolism, and kidney and heart problems6-8. These limitations have led to investigations of non-

invasive alternatives for fat reduction. This review will focus on the benefits and safety of photo modulation 

therapy for weight loss since there are many significant implications for health that many of us are still under-

informed about. 

1.1. Photobiomodulation therapy 

Photobiomodulation therapy is also known as low-level laser therapy (LLLT) and cold laser therapy. It has 

existed for centuries, but it’s only in the last 50 decades that its mechanisms have become partially understood 

mainly due to the advancement of technology. Most of the original research on photobiomodulation was done 

with lasers, but now there is a trend in using light emitting diodes (LEDs), which are considered more cost-
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effective and no any safety concerns have been reported so far. Therefore, LEDs appears to be a more efficient 

and economical way to dispense the therapy. This therapy uses red to near-infrared light (with a wavelength 

range of 630 to 1,000 nm) produced by diode lasers or a combination of helium-neon and gallium-arsenide 

lasers 9, 10. Lasers with a spot area ranging from 1 - 10 cm2 were referred to as low-level lasers9. The fluence 

(energy density) used for this therapy is in the range of 1 and 20 J/cm2 while the irradiance (power density) can 

vary widely depending on the actual light source and spot size. Lower irradiance values from 5 - 50 mW/cm2 are 

used for stimulation and healing, whereas higher irradiance values are used for nerve inhibition and pain relief 

11. Due to the various methods of photobiomodulation therapy, there is great flexibility in the application that

can last from a few seconds to a few minutes, for a few times a week for several weeks. Also, the modality can 

be either local or distal 9-11. 

1.2. Mechanism of photobiomodulation therapy in human cells 

Photobiomodulation therapy does not produce heat, sound, or vibration, and instead acts via non-thermal or 

photochemical reactions in the cell that is also referred to as photobiology or biostimulation10. This is 

comparable to photosynthesis in plants whereby the light is absorbed and exerts a chemical change. In cells, the 

red visible and near-infrared photons are absorbed by chromophores in the mitochondria, mainly by cytochrome 

c oxidase (COO), a component of the cellular respiratory chain 10, 11. This lead to an increase in mitochondrial 

membrane potential, oxygen consumption, adenosine triphosphate (ATP) production, a transient increase in 

reactive oxygen species (ROS), and a release of nitric oxide (NO). These signaling molecules activate the 

transcription factor NF-NB leading to signaling pathways that eventually promote cell survival, cell 

proliferation, and cell migration11, 12.Furthermore, the optimal wavelength considered for the stimulation of 

COO lies in two zones, red at 630 to 660 nm and near-infrared at 810 to 830 nm. Numerous research studies 

have also failed to identify a difference between red light (660 nm) and near-infrared (810, 830). So, the 

assumption is that the mid-600s and the entire wavelengths in the low 800s seem to have the same biological 

effect13.  
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What this suggests is that the red light at 630-660 nm will exhibit the same mitochondrial benefits as the near-

infrared range of 810 to 830 nm. However, 730 nm does virtually nothing. One emerging theory is that the 

absorption spectrum of COO has two crests: one in the mid-600s and one at around 800 (figure.1.)13.  

It’s important to recognize that photobiomodulation is highly biphasic in dose, meaning the benefit can perish 

by using too much light. There’s a dose range in which it will give you benefit 11,12. 

Figure.1. The graph suggests the spikes in CCO activation explicitly in the mid-600 nm to low-to-mid-800 nm range (red and 

near infrared)13. 

1.3. Clinical applications of photobiomodulation therapy 

While the use of photobiomodulation therapy was met with skepticism in the past, recent studies support 

its efficacy. This therapy is used widely alongside physical therapy, and chiropractic sessions for chronic pain 

and chronic joint disorders since previous research suggests that the combined use of two therapies can 

give expedited results 12-15. Also, photobiomodulation therapy has shown potential effectiveness in treating 

soft-tissue injury and wound healing by promoting tissue regeneration and reducing swelling, and 

inflammation16, 17. Preliminary studies have shown that photobiomodulation therapy prevents tissue 

death, and supports the proliferation and differentiation of cells in a broad range of diseases in the field of 

neurology, ophthalmology, cardiology, and otolaryngology10, 12. 
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Photobiomodulation is more cost-effective than liposplasty and is covered by particular health 

insurance, unlike lipoplasty that is a cosmetic procedure. However, the optimal wavelength, dose, tissue 

penetration, the role of coherence and peak power, and repetition rates for the different applications need further 

investigationsuch that the precise parameters for the clinical use of photobiomodulation can be established 9, 10. 

1.4. Photobiomodulation therapy and fat loss 

Several studies in healthy men and women have found that photobiomodulation therapy achieved a safe and 

significant loss in circumference measurements of specifically targeted regions that were measuredover repeated 

treatments following specific protocols18, 19. Furthermore, it was shown that the circumferential loss after photo 

modulation therapy is not associated with fluid or fat relocation20. A physician-led trial using 

photobiomodulation therapy at 635ௗnm exhibited promising clinical results for non-invasive body contouring of 

the waist, hips, and thighs. Participants were treated with 20 minutes of anterior and posterior treatment using a 

multi-head laser device administered every other day for two weeks. All treated sections showed a statistically 

significant reduction in size, therefore, validating the clinical efficacy and safety of photobiomodulation 

therapy21. Another research study using I-lipo laser diode system signified waist circumference changes of the 

abdomen in 20 patients that showed immediate and long-term variations in specific problematic fatty areas 

utilizing single treatment methods 22. 
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Figure.2. The area of effect where the I-lipo treatment pads are placed on the abdomen gives a working surface 

coverage area of 109.2cm2. The pads are each 130mm by 84mm and encompasses nine 40mW, 650nm laser light diodes. 

From previous studies, it is proven that this particular light of specific wavelength holds sufficient strength for the molecular 

action at the penetration depth of 10mm into tissue26-30. 

        Another research study using I-lipo laser diode system signified abdominal circumferential changes in 20 

patients that showed immediate and long-term variations to specific problematic fatty areas (figure.2) utilizing 

single treatment methods 22. 

Further studies in humans have found that strength training associated with photo modulation therapy 

increases muscle performance decreases exercise-induced oxidative stress, and muscle damage compared to 

strength training alone. However, photo modulation therapy without exercise tends to increase body weight and 

fat content 23, 24. In agreement with this, in studies conducted in rats, the combined use of exercise and photo 

modulation therapy was found to be effective. The mechanism for loss of fat from the combined treatment was a 

decrease in adipocyte area due to increased metabolic activity, altered lipid pathways, and increased activity of 
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LLLT- Sham -
treatment treatment
(N = 23) (N = 29)

Change (in.) Mean (SD) Mean (SD)
Pre- treatment 47.13 (4.16) 45.59 (4.36)
Post -treatment (Week 2) 45.27 (4.34)* 45.22 (4.35)
Follow -up (Week 6) 44.77 (4.76)* 45.18 (4.44)
*P < 0.0001 versus baseline.

the mitochondrial enzyme citrate synthase. This study concluded that combination of exercise and 

photobiomodulation therapy enhanced the effects of exercise alone 25, 26.  

Figure 2 and 3. The patients that were treated with photobiomodulation exhibited a significant decrease in 

combined baseline thigh circumference at the post-treatment (week-2) study endpoint and at follow-up (6-week) evaluation 

whereas the subjects undergoing sham treatment demonstrated no change. As signified by P < 0.0001 versus baseline29.  

In another study where a prototype LLLT device was investigated that utilized six 532 nm green diodes. Each of 

these diodes had a mean power output of 17 mW whereas the six diodes combined output was 102 mW. 

Depending on the treatment arm to which each of the patients was randomized to, when the Investigator pushed 
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the button on the device it turned on the active 17 mW, 532 nM laser or the button which activated a sham 1.25 

mW, 532 nM green LED. Figure 3 demonstrated the significant differences observed29.  

 1.5. Mechanism of action of photo modulation therapy for fat removal 

Limited scientific indication exists to validate the claims that infrared light, whether administered by laser, 

lamp, or while in a body wrap, can facilitate weight loss in people or shape their physique. Nevertheless, in the 

year 2010, the Food and Drug Administration (FDA) cleared a laser called Zerona, (manufactured by Erchonia 

Medical Inc.,) which uses red light therapy to remove “unwanted” fat without invasive techniques. After that, 

the company performed a clinical trial involving 67 people who either got six laser sessions or six sham 

treatment sessions over a two week period. The subjects treated by the Zerona laser lost an inch off their waists 

and hips and lost almost an inch from each thigh. However, two weeks after treatment ended, the fat was 

starting to return31-32. No weight was lost. The mechanism of action of how photobiomodulation therapy 

removes fat from adipose cells is largely unknown, and available details are hypotheses and speculations. It is 

expected that the after treatment, the cell will release the fat in vacuoles. However, most studies report no 

observation of fatty vacuoles when the cells are viewed under a microscope. It is likely that the laser treatment 

triggers a cellular response that converts triglycerides into fatty acids and glycerol, which can both pass through 

pores formed in the cell membrane and thus cause shrinkage in adipocytes. However, no data support this 

explanation, and further studies are required to understand this mechanism thoroughly12.  

2. CONCLUSION

The safety and efficacy of photo modulation therapy in fat removal suggests that it will continue to be used in 

body contouring procedures. This treatment appeals to a broad range of patients since it is non-invasive and 

cost-effective. Also, the effectiveness of photo modulation in treating soft-tissue injury wound healing, and 

chronic pain warrants further study in defining its mechanism of action. Further studies, demonstrating the 

efficacy of photo modulation therapy, and developing safety protocols would be useful in establishing this 

technique for regular clinical use.  

3URF��RI�63,(�9RO���������������<��
'RZQORDGHG�)URP��KWWSV���ZZZ�VSLHGLJLWDOOLEUDU\�RUJ�FRQIHUHQFH�SURFHHGLQJV�RI�VSLH�RQ����������
7HUPV�RI�8VH��KWWSV���ZZZ�VSLHGLJLWDOOLEUDU\�RUJ�WHUPV�RI�XVH



The author wishes to thank all her colleges who aided in the research and write up of this literature review. 

3. REFERENCES

[1] Ogden et al., “Prevalence of Obesity Among Adults and Youth:  United States, 2011–2014,” NCHS Data
Brief., 219,1-8 (2015).

[2] Ogden et al., “Prevalence of Childhood and Adult Obesity in the United States, 2011-2012,” JAM,.
311(8), 806-814 (2014).

[3] Avenell et al., “Systematic review of the long-term effects and economic consequences of treatments for
obesity and implications for health improvement,” Health Technol. Assess, 8(21), 1-182 (2004).

[4] Cancello, R., et al., “Reduction of macrophage infiltration and chemoattractant gene expression changes in
white adipose tissue of morbidly obese subjects after surgery-induced weight loss,” Diabetes, 54(8), 2277-
2286 (2005).

[5] Marks, J.B., “Obesity in America: It’s Getting Worse,” Clinical Diabetes, 22(1), 1-2 (2004).
[6] “Test and Procedures: Liposuction,” Mayo Clinic, 14 March 2013 (accessed 25 June 2015).
[7] Lickstein, D.A., “Liposuction,” MedlinePlus Medical Encyclopedia, 15 May 2013 (accessed 25 June 2015).
[8] Sterodimas, A., et al., “Thirty-four years of liposuction: the past, present, and future,” Eur. Rev. Med.

Pharmacol. Sci, 16(3), 393-406 (2012).
[9] Baratto,L., et al., “Ultra-low-level laser therapy,” Lasers Med. Sci, 26(1), 103-112 (2011).
[10] Kleinjung, T., “Low-Level Laser Therapy,” Chap. 93 in Textbook of Tinnitus, pp. 749-752, Springer, New

York, (2011).
[11] Huang,Y.Y., “Biphasic dose response in low-level light therapy - an update,” Dose Response, 9(4), 602-

618 (2011).
[12] Avci,P., et al., “Low-Level Laser Therapy for Fat Layer Reduction: A Comprehensive Review,” Lasers

Surg. Med, 45(6), 349-357 (2013).
[13]. Karu, T. I., Pyatibrat, L. V., Kalendo, G. S. and Esenaliev, R. O.,”Effects of monochromatic low-intensity 

light and laser irradiation on adhesion of HeLa cells in vitro,” Lasers Surg. Med., 18, 171–177 (1996). 
[14] Gur, A., et al., “Efficacy of low power laser therapy and exercise on pain and functions in chronic low back

pain,” Lasers Surg. Med, 32(3), 233-238 (2003).
[15] Bjordal, J.M., et al., “A systematic review of low-level laser therapy with location-specific doses for pain

from chronic joint disorders,” Aust. J. Physiother,  49(2), 107-116 (2003).
[16] Posten, W., et al., “Low-level laser therapy for wound healing: mechanism and efficacy,” Dermatol. Surg,

31(3), 334-340 (2005).
[17] Hopkins,J.T., et al., “Low-level laser therapy facilitates superficial wound healing in humans: a triple-blind,

sham-controlled study,” J. Athl. Train, 39(3), 223-229 (2004).
[18] Jackson, R.F., et al., “Low-level laser therapy as a non-invasive approach for body contouring: a

randomized, controlled study,” Lasers Surg. Med, 41(10), 799-809 (2009).
[19] Caruso-Davis, m.K., et al., “Efficacy of low-level laser therapy for body contouring and spot fat reduction,”

Obes. Surg, 21(6), 722-729 (2011).
[20] Jackson, R.F., et al., “Application of low-level laser therapy for non-invasive body contouring,” Lasers

Surg. Med, 44(3), 211-217 (2012).
[21] McRae,E., and Borris, J., “Independent evaluation of low-level laser therapy at 635ௗnm for non-invasive

body contouring of the waist, hips, and thighs,” Lasers Surg. Med, 45(1), 1-7 (2013).
[22] Freeman, D., Beynon-Williams, E.,”Low-Level Laser for Fat Reduction and Body Reshaping - Case

Studies with the I-lipo laser diode system, “Clinical Research, (2009).
[23] Ferraresi, C., “Effects of low-level laser therapy (808 nm) on physical strength training in humans,” Lasers

Med. Sci, 26 (3), 349-358 (2011).
[24] T. De Marchi., et al., “Low-level laser therapy (LLLT) in human progressive-intensity running: effects on

exercise performance, skeletal muscle status, and oxidative stress,” Lasers Med. Sci, 27(1), 231-236 (2012).

ACKNOWLEDGMENTS 

3URF��RI�63,(�9RO���������������<��
'RZQORDGHG�)URP��KWWSV���ZZZ�VSLHGLJLWDOOLEUDU\�RUJ�FRQIHUHQFH�SURFHHGLQJV�RI�VSLH�RQ����������
7HUPV�RI�8VH��KWWSV���ZZZ�VSLHGLJLWDOOLEUDU\�RUJ�WHUPV�RI�XVH



[25] A. E. Aquino Jr., et al., “Low-level laser therapy (LLLT) combined with swimming training improved the
lipid profile in rats fed with a high-fat diet, “Lasers Med. Sci, 28 (5), 1271-1280 (2013).

[26] Aquino, A.E. Jr., et al., “Can low-level laser therapy when associated to exercise decrease adipocyte area?”
J. Photochem. Photobiol. B., (149), 21-26 (2015).

[27] Kleinkort, J., et al, “Laser acupuncture: its use in physical therapy,” Am. J. Acup. (12), 51-56 (1984).
[28] Bischko, J.J., “Use of the laser beam in acupuncture,” Acupuncture & Electro. T herpeut. Res. Int. J. (5), 29

(1980).
[29] Kroetlinger, M.,”On the use of the laser in acupuncture,” Acupuncture & Electro Therapeut. Res. Int. J,

(5).297-311 (1980).
[30] Mary, K. C., Thomas, S.G., Vinod, K.P., Nazar, M., Nikhil, V., Dhurandhar, Olga, D., Ying. Y., Frank, L.

G.,” Efficacy of Low-Level Laser Therapy for Body Contouring and Spot Fat Reduction,” Obes Surg, (6),
722-729 (2011).

[31] Rettner, R.,” FDA Approves Fat-Busting Laser, But Do Results Last?”Live Science, (2010).
[32] Danielle Pavliv and Sandy Wang.,”Does Infrared Light Therapy Work for Weight Loss?”Cosmedic Lazer

MedSpa. Recommended Zerona Protocol. (2011).Retrieved March 09, 2016,

3URF��RI�63,(�9RO���������������<���
'RZQORDGHG�)URP��KWWSV���ZZZ�VSLHGLJLWDOOLEUDU\�RUJ�FRQIHUHQFH�SURFHHGLQJV�RI�VSLH�RQ����������
7HUPV�RI�8VH��KWWSV���ZZZ�VSLHGLJLWDOOLEUDU\�RUJ�WHUPV�RI�XVH


