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Effects of low-level laser therapy on utricular hair cell
regeneration: a review of the efficacy of available treatment
parameters
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Korea

Low-level laser therapy (LLLT) for vestibular treatments need further
development in the sense to be used in clinical applications. One hurdle
of LLLT on vestibular treatment studies is the lack of relevant
parameters other researchers can reference for further studies. In this
paper, we would like to provide laser parameters that are currently used
in different body parts which may prove effective on vestibular hair cell
regeneration at the cellular level. Following relevant parameters for
laser therapy, some irradiation techniques provide protective
mechanisms against ototoxic damage. The following review includes the
possible mechanisms of LLLT which promote cellular and tissue
regeneration capabilities with promising results. These treatments may
be of use in potentially mitigating functional decline under optimized
irradiation conditions. This review focused on, but is not limited to, the
availability of 633 nm and 808 nm LLLT administration. These treatments
provide therapeutic results in different structures under in vitro, in vivo,
or ex vivo conditions. The relevant findings on the use of LLLT show
similar effects of irradiation regardless of the designated area of interest.
This data suggests the possibilities of using similar or modified
parameters of LLLT within the vestibular organs.
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Dizziness, vertigo, and imbalance are general symptoms of the underlying pathophysiology of vestibular
disorders that may vary within individuals. These conditions are possible within all age groups but are highly
prominent in human adults aging 65-year-old and above.1
In relevant conditions, vestibular dysfunction is brought
about by hair cells and synaptic ribbon degeneration.
These situations may require treatments that require
surgical intervention to elicit notable effects. With limited
availability of non-invasive treatments, procuring surgery
may induce discomfort that further decreases the quality
of life of an individual. As such, more efficient and noninvasive ways to treat inner ear anomalies are developed
to improve treatment options.
Hair cells located within the inner ear of the cochlea do
not have the capacity to regenerate within normal physiological conditions.2,3 This may signify continuous hearing loss and vestibular disorders that may be obtained
through means of physical trauma, age-related deterioration, or further enhanced by ototoxic damage through
relevant treatments. Consequential to the administration
of antibiotics to alleviate inner ear infections, these can
also damage inner hair cells causing functional decline.4
Gentamicin, an aminoglycoside, may form reactive oxygen species (ROS) and activate c-Jun N-terminal kinases
(JNKs) to initiate cell apoptosis.5 Similar mechanisms
may be exhibited by systemic exposure to nitrile-based
ototoxic compounds that produce relative damage to respective hair cells.6,7
Focusing on the manifestation of vestibular dysfunction,
treatment options relating to improving behavioral function include photobiomodulation (PBM) or low-level laser
therapy (LLLT). In this paper, we will provide the basic
concepts of LLLT and its regenerative capability within tissues and cells. Furthermore, the following review focuses
on the relevant uses of laser therapeutics in the utricle or
its structures that may aid in relevant studies.

THE ROLE OF PBM IN BIOLOGICAL
THERAPEUTIC SYSTEMS
Light amplification by stimulated emission of radiation (Laser) was introduced during the 1950s, while the
first reported medical intervention was reported around
1960s by using ruby laser light for PBM in cardiovascular
surgery by McGuff as well as melanoma treatment by
Goldman. With the use of PBM, near-infrared light (6001,000 nm) allows efficient penetration through the skin to

produce a non-invasive method targeting procedure.8,9
One theorized mechanism with laser therapy involve the
activation of a photosensitive receptor in the mitochondria
of cells. Karu10 states that cytochrome c responds to laser
light due to the reactions of redox metal centers brought
about by binuclear CuA and CuB as well as heme a3. These
components readily absorb near red light around 380
to 880 nm variations which, in turn, increases the electron availability to catalyze dioxygen within cytochrome c
oxidases.11,12 This allows efficient electron transfer and
provides sufficient energy generation for cellular proliferation, migration, and repair pathways.
Energy acquisition in the form of adenosine triphosphate (ATP) is crucial in maintaining and elucidating different cellular metabolic activities. In this regard, LLLT
is theorized to provide additional ATP reserves through
electron excitation from the photoreceptive activators of
cytochrome c in the mitochondria.13 In a relevant study,
ATP signaling activation with the use of LLLT (810 nm)
was expressed in P2Y2 and P2Y11 receptors in neural
progenitor cells in vitro which allows multiple pathways
in the context of mitochondrial activation pathways.14,15
Together with energy regulation, an increase in proton
gradient from Na+/H+ and Ca2+/Na+ antiporters and ATPdriven carriers such as Na+/K+ may show improved cyclic
adenosine monophosphate turnover that is essential in
cellular communication.16
Another resultant effect after LLLT exposure include
the inhibition of nitric oxide (NO) accumulation which disrupts its binding to cytochrome c oxidases.17 Furthermore,
the maintenance of NO and ROS levels within the system
produces a change of redox potential. Such changes in
the oxidation-reduction state can induce metabolic synthesis of nucleic acids, proteins, and enzymes, which are
essential for cellular regeneration and proliferation.18 The
effects of LLLT/PBM within the hair cell level are summarized in Fig. 1 for better description.
With the use of an intense beam, speculation of heat
generation may occur especially with long exposure
times. Interestingly, with the use of LLLT, heat generation was minimally produced during treatments that
can affect cellular metabolism. In the provided study,
induction of laser within the near-infrared range elicited
a temperature change of at least 0.2°C19,20 was recorded
and provided no significant effect on cellular or in vivo
studies. The importance of negligible heat generation is
likely to eliminate necrotizing effects within the surrounding healthy tissues.21 This also prevents damage between
the topical surface and the tissue of interest during laser
irradiation.
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Fig. 1. Proposed mechanisms of hair cell regeneration through laser irradiation. Inner ear hair cell damage may manifest in different forms which
may be alleviated through laser therapy. The increase of relevant markers for cellular synthesis and cellular pathways may promote proliferative
tendencies within functional supporting cells that can rescue inner ear damage through cellular mitosis or hair cell transdifferentiation mechanisms.
ATP, adenosine triphosphate.

VESTIBULAR ORGAN TREATMENT USING LLLT
In a relevant study on detecting the effects of LLLT
with vestibular regeneration, Zhang et al.19 reported an
increase of antioxidant superoxide dismutase 1 (SOD-1)
upregulation by 2-fold within the vestibular sensory epithelium of C57/BL6 mouse. SOD-1 is a relevant marker
that shows within age-associated oxidative stress. Limitations of the said study may include the interaction of
different cellular responses that were not detected aside
from SOD-1. In related works from our group, LLLT
(632 nm; 16.2 J/cm2; single dose) was induced on utricle
explants from postnatal Sprague Dawley rats (P4) and
elicited a protective mechanism to hair cell loss prior to
ototoxic damage.22 Such a method allowed retention of
hair cells in comparison to gentamicin-induced damage
only. A time-dependent study performed by the same
group showed better protective capabilities of LLLT after
multiple sessions of irradiation for 30 days.23 Another relevant study showed that LLLT provided beneficial effects
with explanted rat utricles with its laser parameters are
referenced to acquire regenerative outcome on rat facial
nerves.24 As such, the use of a similar wavelength of laser
irradiation may provide positive effects that also show
similar mechanism of action when it relates to tissue regeneration and repair.

CONSIDERATION OF LASER PARAMETERS
CAN AFFECT THE OUTCOME OF TISSUE
RECOVERY
Given the use of laser therapy in different structures,
researchers may tackle the use of a pre-existing parameter of laser irradiation and test on a different target tissue which may provide similar regenerative outcomes.
The following section provides description of conventional
parameters used in LLLT/PBM irradiations. Initially, the
source of laser is important to be determined. The laser
source may either be continuous wave such as carbon
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dioxide lasers or pulsed lasers such as erbium:yttrium–
aluminium–garnet (Er:YAG), erbium:yttrium–scandium–
gallium–garnet (Er:YSGG) and holmium:YAG.25 Provided in
their study involves the safety in relevance to total energy
distribution and thermal generation with respect to laser
irradiation towards the guinea pig cochlea.
Interestingly, the energy density of different lasers varies from the source of irradiation. As stated in Tunér and
Hode,26 the energy density (J/cm2), the total calculated
amount of energy within a specific area, is important to be
described in relevance to wound healing. In relevant cochlear subjects, the energy density may vary in such 162194 J/cm2 provided hair cell recovery after aminoglycoside damage27 to 8 J/cm2 to provide tinnitus alleviation.28
Another notable parameter is the application of correct
wavelength during irradiation. Avci et al.29 described the
use of 390-600 nm is optimal for superficial treatments
and a higher wavelength is suitable for targeted tissues
that requires further penetration. The use of laser irradiation within 600 nm allows upregulation of cellular protein
synthesis, nucleic acid synthesis, and cellular differentiation as to promote growth factor release.30 Limited with
providing descriptions of all available parameters in laser
therapeutics, it is critical to know the proper declaration
of treatment used. Jenkins and Carroll31 provided essential information in LLLT/PBM treatment with relevance to
device, irradiation, and treatment recording. This provide
reproducibility within the area of specialization and provide substantial information that can be adapted to different therapeutic applications.

COMPARATIVE STUDIES OF LLLT WITH
RELEVANCE TO THE INNER EAR
The use of light therapy has been established in different anatomical structures with the purpose of tissue
regeneration to restore its functional effectivity. In this
section, we describe similar procedures using LLLT
within or near the inner ear structure. A study on LLLT (808
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LIMITATIONS
Assuming that LLLT provides a non-invasive mechanism for treatment, certain caveats are to be expected.
First, it is not necessarily expected that the full dose within the target structure is readily absorbed. In most cases
for animal models such as mouse, light absorption must
be strong enough to penetrate 1 mm across the epidermis, connective tissues, and bone before reaching the
target organs.10 In relevance to human representations,
such cases can extend to centimeter thickness. Furthermore, the use of high-power intensity lasers may provide
a shorter treatment time but may not be highly beneficial
all the time. Increasing the power output of the laser to
a certain extent may illicit heat generation and further
damage surrounding tissues that may cause further
deterioration of function and stability of the structure.39
In such cases, the reader should take into consideration

the function and effects of the different laser parameters
to provide an efficient output of energy within the target
structure.

CONCLUSION
In the following review, we discussed the use of LLLT
for inner ear hair cell regeneration and repair. In such regard, the available references for such therapy from different groups are limited with respect to specific targeted
areas for laser irradiation. However, the use of laser in
different in vitro cell cultures and in vivo has proven the
beneficial effects of LLLT. Furthermore, the use of such
therapy is widely used in cochlear hair cell regeneration
and functional repair but vestibular hair cell regeneration
needs further investigation. As mentioned as one of the
references in the review, the use of different relevant parameters may produce different treatable outcome within
the target tissue. This may be of interest in providing a
multitude of treatment possibilities in providing therapeutic effects for vestibular organs. The use of relevant information regarding laser therapy may be deemed useful
in providing developments in vestibular organ repair and
regeneration in succeeding studies.

FUNDING
None.

CONFLICT OF INTEREST
No potential conflict of interest relevant to this article
was reported.

ORCID
John Patrick Cuenca,
https://orcid.org/0000-0003-0046-0755

REFERENCES
1. Lee H, Yi HA, Lee SR, Ahn BH, Park BR. Drop attacks in elderly
patients secondary to otologic causes with Meniere's syndrome or non-Meniere peripheral vestibulopathy. J Neurol Sci
2005;232:71-6.
2. Wagner EL, Shin JB. Mechanisms of hair cell damage and repair. Trends Neurosci 2019;42:414-24.
3. Rubel EW, Furrer SA, Stone JS. A brief history of hair cell regeneration research and speculations on the future. Hear Res
2013;297:42-51.
VOLUME 11 NUMBER 2 June 2022

81

Review Article

nm; 28.8 J/cm2, 14 days) following gentamicin ototoxicity
resulted in a regenerative effect 18 days after irradiation.32
The study showed that the LLLT used prior to aminoglycoside ototoxicity elicited a protective response to prevent
hair cell damage. In the use of higher wavelengths, 808
nm has also been used in the regeneration and repair of
sciatic nerves33,34 and alveolar nerve crush injury models,35 proving many efficient regenerative capabilities with
following the optimization of power, dosage, irradiation
duration, and the number of irradiation sessions. However, a recent comparative study from our group shows
comparative results of 633 nm and 804 nm lasers on rat
facial nerve injury. Corresponding results showed that
633 nm provided better facial nerve recovery by reducing
reactive oxygen species in vitro and axonal regeneration
as well as Schwann cell recruitment in vivo.36 However,
significant studies showed that the use of 808 provided
promising results with auditory nerve stimulation as well
as functional recovery after hearing loss.37 A relevant
study performed by Tamura et al.38 using 808 nm at either
110 or 165 mW/cm2 resulted in a protective mechanism
against noise-induced hearing loss via inducible nitric oxide synthase (iNOS) inhibition. Regulation of NO is essential to maintain the physiological function of the inner ear
and LLLT provided an inhibitory relationship with iNOS
and NO production and further inhibits reactive oxygen
species accumulation. Such results indicate that with the
multitude of parameters for manipulating LLLT, there are
numerous combinations that can provide a beneficial effect for tissue regeneration and repair on different structures.

4. Selimoglu E. Aminoglycoside-induced ototoxicity. Curr Pharm
Des 2007;13:119-26.
5. Rybak LP, Ramkumar V. Ototoxicity. Kidney Int 2007;72:931-5.
6. Maroto AF, Barrallo-Gimeno A, Llorens J. Relationship between vestibular hair cell loss and deficits in two anti-gravity
reflexes in the rat. Hear Res 2021;410:108336.
7. Greguske EA, Llorens J, Pyott SJ. Assessment of cochlear
toxicity in response to chronic 3,3'-iminodipropionitrile in mice
reveals early and reversible functional loss that precedes overt
histopathology. Arch Toxicol 2021;95:1003-21.
8. Brzak BL, Cigić L, Baričević M, Sabol I, Mravak-Stipetić M,
Risović D. Different protocols of photobiomodulation therapy of
hyposalivation. Photomed Laser Surg 2018;36:78-82.
9. Hochman L. Photobiomodulation therapy in veterinary medicine: a review. Top Companion Anim Med 2018;33:83-8.
10. Karu TI. Cellular and molecular mechanisms of photobiomodulation (low-power laser therapy). IEEE J Sel Top Quantum
Electron 2013;20:143-8.
11. Poyton RO, Ball KA. Therapeutic photobiomodulation: nitric oxide and a novel function of mitochondrial cytochrome c oxidase.
Discov Med 2011;11:154-9.
12. Wong-Riley MT, Liang HL, Eells JT, Chance B, Henry MM, Buchmann E, et al. Photobiomodulation directly benefits primary
neurons functionally inactivated by toxins: role of cytochrome c
oxidase. J Biol Chem 2005;280:4761-71.
13. Chang SY, Lee MY, Chung PS, Kim S, Choi B, Suh MW, et al.
Enhanced mitochondrial membrane potential and ATP synthesis by photobiomodulation increases viability of the auditory
cell line after gentamicin-induced intrinsic apoptosis. Sci Rep
2019;9:19248.
14. Karu T. Mitochondrial mechanisms of photobiomodulation in
context of new data about multiple roles of ATP. Photomed Laser Surg 2010;28:159-60.
15. Anders JJ, Romanczyk TB, Ilev IK, Moges H, Longo L, Wu X,
et al. Light supports neurite outgrowth of human neural progenitor cells in vitro: the role of P2Y receptors. IEEE J Sel Top
Quantum Electron 2008;14:118-25.
16. Farivar S, Malekshahabi T, Shiari R. Biological effects of low
level laser therapy. J Lasers Med Sci 2014;5:58-62.
17. Hamblin MR. The role of nitric oxide in low level light therapy.
In: Hamblin MR, Waynant RW, Anders J, editors. Proceedings
Volume 6846, Mechanisms for Low-Light Therapy III; 2008 Jan
19-24; San Jose. SPIE; 2008.
18. Liu H, Colavitti R, Rovira II, Finkel T. Redox-dependent transcriptional regulation. Circ Res 2005;97:967-74.
19. Zhang L, Tung VW, Mathews M, Camp AJ. Near infrared (NIr)
light increases expression of a marker of mitochondrial function in the mouse vestibular sensory epithelium. J Vis Exp
2015;(97):52265.
20. Pogrel MA, Chen JW, Zhang K. Effects of low-energy gallium-

82

Medical Lasers

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

aluminum-arsenide laser irradiation on cultured fibroblasts
and keratinocytes. Lasers Surg Med 1997;20:426-32.
Rahmathulla G, Recinos PF, Valerio JE, Chao S, Barnett GH.
Laser interstitial thermal therapy for focal cerebral radiation
necrosis: a case report and literature review. Stereotact Funct
Neurosurg 2012;90:192-200.
Jung JY, Chung YW, Kim YS, Ahn JC, Suh MH, Chung PS, et al.
Effect of low-level laser and fm1-43 on prevention of ototoxicity
in postnatal organotypic cultures of rat utricles. J Int Adv Otol
2011;7:333-8.
Chung YW, Ahn JC, Lim ES, Kim YS, Lee SH, Lee MY, et al. A
promotive effect of low-level laser on hair cell regeneration following gentamicin induced ototoxicity in postnatal organotypic
culture of rat utricles. Korean J Otorhinolaryngol-Head Neck
Surg 2007;50:25-30.
Anders JJ, Borke RC, Woolery SK, Van de Merwe WP. Low
power laser irradiation alters the rate of regeneration of the rat
facial nerve. Lasers Surg Med 1993;13:72-82.
Ren DD, Chi FL. Experimental study on thermic effects, morphology and function of guinea pig cochlea: a comparison between the erbium:yttrium-aluminum-garnet laser and carbon
dioxide laser. Lasers Surg Med 2008;40:407-14.
Tunér J, Hode L. It's all in the parameters: a critical analysis of
some well-known negative studies on low-level laser therapy.
J Clin Laser Med Surg 1998;16:245-8.
Rhee CK, He P, Jung JY, Ahn JC, Chung PS, Lee MY, et al. Effect of low-level laser treatment on cochlea hair-cell recovery
after ototoxic hearing loss. J Biomed Opt 2013;18:128003.
Demirkol N, Usumez A, Demirkol M, Sari F, Akcaboy C. Efficacy of low-level laser therapy in subjective tinnitus patients
with temporomandibular disorders. Photomed Laser Surg
2017;35:427-31.
Avci P, Gupta A, Sadasivam M, Vecchio D, Pam Z, Pam N, et al.
Low-level laser (light) therapy (LLLT) in skin: stimulating, healing, restoring. Semin Cutan Med Surg 2013;32:41-52.
AlGhamdi KM, Kumar A, Moussa NA. Low-level laser therapy:
a useful technique for enhancing the proliferation of various
cultured cells. Lasers Med Sci 2012;27:237-49.
Jenkins PA, Carroll JD. How to report low-level laser therapy
(LLLT)/photomedicine dose and beam parameters in clinical
and laboratory studies. Photomed Laser Surg 2011;29:785-7.
Rhee CK, Kim YH, Kim SH, He P, Ahn JC. Effect of low level
laser therapy on hair cell regeneration following gentamicin induced ototoxicity in postnatal organotypic culture of rat cochlea.
In: Hamblin MR, Waynant RW, Anders J, editors. Proceedings
Volume 7552, Mechanisms for Low-Light Therapy V; 2010 Jan
23-28; San Francisco. SPIE; 2010.
Barbosa RI, Marcolino AM, de Jesus Guirro RR, Mazzer N, Barbieri CH, de Cássia Registro Fonseca M. Comparative effects of
wavelengths of low-power laser in regeneration of sciatic nerve

Mechanisms of hair cell regeneration through LLLT
John Patrick Cuenca

35.

36.

37.

808-nm infrared laser stimulation of the auditory nerve in
guinea pig cochlea. Lasers Med Sci 2014;29:343-9.
38. Tamura A, Matsunobu T, Mizutari K, Niwa K, Kurioka T, Kawauchi S, et al. Low-level laser therapy for prevention of noiseinduced hearing loss in rats. Neurosci Lett 2015;595:81-6.
39. Jovanovic S, Schönfeld U, Fischer R, Döring M, Prapavat V,
Müller G, et al. Thermic effects in the "vestibule" during laser
stapedotomy with pulsed laser systems. Lasers Surg Med
1998;23:7-17.

How to cite this article: Cuenca JP. Effects of low-level laser therapy on utricular hair cell regeneration: a review of
the efficacy of available treatment parameters. Med Lasers
2022;11:78-83. https://doi.org/10.25289/ML.2022.11.2.78

VOLUME 11 NUMBER 2 June 2022

83

Review Article

34.

in rats following crushing lesion. Lasers Med Sci 2010;25:42330.
Medalha CC, Di Gangi GC, Barbosa CB, Fernandes M, Aguiar
O, Faloppa F, et al. Low-level laser therapy improves repair following complete resection of the sciatic nerve in rats. Lasers
Med Sci 2012;27:629-35.
Diker N, Aytac D, Helvacioglu F, Oguz Y. Comparative effects
of photobiomodulation therapy at wavelengths of 660 and 808
nm on regeneration of inferior alveolar nerve in rats following
crush injury. Lasers Med Sci 2020;35:413-20.
Lee JH, Carpena NT, Kim S, Lee MY, Jung JY, Choi JE. Photobiomodulation at a wavelength of 633 nm leads to faster functional recovery than 804 nm after facial nerve injury. J Biophotonics 2021;14:e202100159.
Xia N, Wu XY, Wang X, Mou ZX, Wang MQ, Gu X, et al. Pulsed

