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Abstract Innovations in technology and science form novel fields that, although

beneficial, introduce new bio-ethical issues. In their short history, lasers have greatly

influenced our everyday lives, especially in medicine. This paper focuses particu-

larly on medical and para-medical laser ethics and their origins, and presents the

complex relationships within laser ethics through a three-dimensional matrix model.

The term ‘laser’ and the myth of the ‘magic light’ can be identified as landmarks for

laser related ethical issues. These ethical issues are divided into five major groups:

(1) media, marketing, and advertising; (2) economic outcomes; (3) user training; (4)

the user-patient/client relationship; and (5) other issues. In addition, issues arising

from two of the most common applications of lasers, laser eye surgery and laser

tattoo removal, are discussed. The aim of this paper is to demonstrate that the use of

medical and para-medical lasers has so greatly influenced our lives that the scientific

community must initiate an earnest discussion of medical laser ethics.

Keywords Laser � Laser eye surgery � Laser Tattoo removal � Medical ethics �
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OCT Optical coherence tomography

Introduction

In the past century, technology has played a crucial role in defining, driving, and

reinventing procedures, devices, and medical health care products (Kagadis et al.

2013). The science and technology revolution has created new inter- and multi-

disciplinary fields in which experts from different backgrounds and with different

aims collaborate towards the development of innovative technological miracles

(Parr 2006; Shen and Prasad 2002; Fregonara et al. 2013; Rogalewicz et al. 2011).

In many cases, the new and emerging technologies have multi-disciplinary

applications themselves. The ethics that encompass these technologies are

becoming more and more complicated, since on each occasion, the specific use

or application of the technology must be examined (Moor 2005; Iserson and

Chiasson 2002; Bostrom 2007).

In cases where science and technology are used for medical purposes, the ethical

landscape is becoming even more complex. Many of the cutting-edge technologies

can be characterized as dual-use technologies, as they can be used both for

beneficial and nefarious purposes (Pustovit and Williams 2010). New technologies

such as digital and smartphone technology (Kunde et al. 2013), cloud computing

(Kagadis et al. 2013), body enhancement technologies and regeneration (Frize

2013), and biotechnological innovations/synthetic biology (Dabrock et al. 2013) are

examples of technologies used for medical purposes, yet which require great ethical

consideration. Moreover, technologies that relate to pure medical and para-medical/

cosmetic procedures (such as surgery-related technologies) have several ethical,

social, and economic impacts that cannot be overlooked.

One of the most influential, cutting-edge technologies to give rise to bioethical

issues is laser technology (devices and their use or application). Currently, lasers are

used in science, industry, and medicine in an extensive variety of applications, and

have become unique tools across many fields. It is estimated that the worldwide laser

market in 2007 was worth more than £4 billion (Science and Technology-Facilities-

Council 2010). The invention of the laser is associated with medicine, because when

its unique properties became known, doctors began to request enhancements beyond

the weaknesses of current laser systems, thus providing the necessary impetus for

continued research into this new area of technology that had been created.

At present, the use of lasers in medicine (generally known as ‘laser medicine’) is

extensive. Lasers have found the most beneficial and useful applications in medicine;

one could say that lasers have established a revolution in the medical field (Pollack

1991; Parr 2006; Peng et al. 2008). Laser medicine encompasses applications such as

cosmetic treatments (skin treatments, hair removal, and dentistry), biopsy or lesion

removal, surgeries, imaging modalities (such as Optical Coherence Tomography,

OCT) and diagnostic methodologies (Peng et al. 2008; Fedorov and Tuchin 2013;

Durrani 2003; Massey et al. 2001). Inevitably, a technology with such a spectrum of

applications (medical, para-medical and non-medical applications) affects society,
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especially in medicine, and a number of issues arise from its use (Spyropoulos 2011;

Azizkhan 2003; Zeitels and Burns 2006; Werle and D’Amato 2013; Wang et al. 2007;

Sulieman 2005; Stratakis et al. 2009; Senda et al. 2004; Samm et al. 2010; Ozulken

et al. 2013; Lippert 2004; Ebert et al. 2009; Denney 2004; Deguchi 2004; Adelman

et al. 2013; Makarov 2013; Peng et al. 2008; Slusher 1999). Although several

researchers from different fields and backgrounds have identified some issues

concerning the use of lasers in specific areas from their own perspective (Raulin et al.

2001; R. L. Anderson et al. 1998; Arshinoff 2004; Packer 2004; Torres et al. 2011;

Koch 2003; Kluger 2010; Choudhary et al. 2010), an extensive discussion on the

developing issues and their origin has not been presented.

In the evolution of laser technology and its applications (especially their medical or

para-medical ones) it has been necessary to establish safety guidelines (DeWayne

Holcomb 2013; Pal’tsev et al. 2007; Jones-Bey 2005; Youker and Ammirati 2001).

Although laser modalities use non-ionising radiation, risk issues have been considered

since hazards can arise in laser-tissue interactions, from a variety of mechanisms other

than ionization (Carroll and Humphreys 2006; Niemz 2002; Carruth and Mc Kenze

1986; Smalley 2011). A number of different international and national bodies,

societies and communities are interested in the establishment of safety guidelines in

relation to laser and other non-ionizing radiation to humans (such as the International

Commission on Non-Ionizing Radiation Protection-www.icnirp.de/what.htm, The

Laser Institute of America-www.lia.org/index.php, The Laser Product Safety- http://

www.laserproductsafety.com/lpssr.htm, The Greek Atomic Energy Commission-Non-

Ionizing Radiation Office-www.eeae.gr/en/index.php?fvar=html/ni/_metriseis_pedion

etc.). Although the safety guidelines and the permitted doses depending on the dif-

ferent laser applications have been extensively researched and discussed, the arising

ethical issues were not a major part of this discussion. This is probably a consequence

of the fact that in many cases the ethical issues are overshadowed by the safety

guidelines ethical and the bioethical issues concerning laser applications are not as

obvious as other innovative technologies that are altering or promising to alter our life

(e.g. DNA and genetic therapies, molecular biology, nanomedicine and stem cells)

(Smith 2003; Sobel 1999; Ebbesen and Jensen 2006; West et al. 2014; Habets et al.

2014). Moreover, as presented and discussed in the next section, laser light is con-

sidered as ‘magic light’, which is not harmful and as a result the possible ethical

implications of its use was almost ignored. To our mind, the ethical issues concerning

lasers arise regardless their safety, mainly due to their impact on our life. For such life

altering technologies, as lasers, ethical considerations should be an integral part of the

discussion from beginning through each and all interactions.

This paper focuses particularly on medical and para-medical laser ethics and the

origins thereof, and is set out as follows. We use the term ‘laser ethics’ for the sub-

field of ethics in technology (and consequently a sub-field of ethics) which address

the ethical issues, questions and constructions specific to the development, use and

application of laser technology (Fig. 1). We can roughly divide the laser

applications into medical, para-medical and non-medical applications and conse-

quently laser ethics deal all the relevant issues in the three sub-divisions.

The first section discusses the origins of the ethical considerations of laser use, and

highlights the term ‘laser’ and the myth of the ‘magic light’ as a landmark for laser-

A Discussion on Laser Ethics 981

123

http://www.icnirp.de/what.htm
http://www.lia.org/index.php
http://www.laserproductsafety.com/lpssr.htm
http://www.laserproductsafety.com/lpssr.htm
http://www.eeae.gr/en/index.php?fvar=html/ni/_metriseis_pedion


related ethical issues. The middle sections begin by presenting a model of the

relationships between laser ethical issues, laser applications, and the people affected.

Next, individual ethical issues are presented and discussed. The major ethical issues

are divided into five groups: (1) media, marketing, and advertisements, (2) economic

outcome, (3) user training, (4) user-client relationship, and (5) other issues. The final

section is divided into two sub-sections that present the issues for two specific

examples: laser eye surgery and laser tattoo removal. These two examples were

selected not only because they are two of the most common applications of lasers, but

also to highlight that ethical considerations can arise from both purely medical laser

applications (e.g. laser surgery) and cosmetic or para-medical applications (e.g. laser

tattoo removal) that can be performed by professionals other than physicians (e.g.

tattoo artists). The aim of this paper is to demonstrate that the scientific community

must make an effort to initiate an earnest discussion regarding medical and para-

medical laser ethics, since lasers have so highly influenced our lives (Science and

Technology-Facilities-Council 2010; Spyropoulos 2011; Hänsch 2010; Slusher 1999).

Discussion

Where the Problem Begins: The Myth of ‘Magic Light’

To start with, we believe that a significant landmark for the laser-related ethical

issues is the belief that laser light is harmless and has magical powers. We call this

belief the myth of the ‘magic light’. Although the term has not been used

Fig. 1 The field of laser ethics
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previously, this belief has been previously identified. For instance, Raulin in 2001

stated that ‘‘Although patients generally respond quite critically to the thought of

radiation and X-rays, the ‘‘radiation’’ of laser beams seems to them to be harmless,

almost as if lasers had magical powers’’ (Raulin et al. 2001). In the next sections we

discuss the origins of this myth. We state that this myth has used the word ‘laser’

and its correlation with visible light and sunlight. Additionally, people from ancient

times consider sunlight as miraculous and associate it in many cases with

therapeutic properties. Consequently, the correlation of ‘laser light’ with sunlight

causes the connection of laser light with the ‘miracular’ properties of sunlight.

Our point is that the term ‘laser’ has played a decisive role in the way laser

devices have influenced society and how the myth of ‘magic light’ is reproduce.

‘Laser’ is the acronym for Light Amplification by Stimulated Emission Radiation,

which was established many years after the first demonstration of a laser device

(Hänsch 2010). Although the majority of people outside the field do not know what

the acronym stands for, it is well known that lasers emit ‘light’. There are laser

devices that cover a broad region of the electromagnetic spectrum, from the

ultraviolet to the infrared. That means that the ‘light’ of lasers does not merely

involve visible light—the light that we can see. It should be noticed that the

wavelengths in this region are generally called light, and terms like ‘rays’, ‘waves’

or ‘radiation’ are not so broadly used as in the cases of ‘X-rays’, ‘c-rays’ or

‘microwaves’ (of course, in scientific community similar terms are widely used and

laser light is consider as ‘non-ionizing’ radiation, but this is not the case in the wider

public). This linguistic detail we believe enhanced the general belief that ‘light’ is

harmless and is something totally different form dangerous and harmful rays.

Moreover, lasers have very specific characteristics that make them very different

from other light emitters (such as lamps) (Carruth and Mc Kenze 1986). These facts

are not widely known, and as in many cases, light from lasers is associated with

sunlight as something that is not considered harmful. Of course, this is not the case,

as sunlight has been identified as a possible cause of photo-damage, dermal aging,

and other pathological conditions such as skin cancer (De Gruijl 1999).

People have always considered light with awe, admiring its excellent properties,

if not thinking it as miraculous. The ancient Egyptians, for example, were the first

photo-biologists (Wheeland 1995). They not only worshiped the god of the sun,

Amen-Ra, but they also used sunlight in a technique to stimulate natural ingredients

found in parsley, to help treat patients suffering from vitiligo. Of course, Egyptians

were not the only civilization to utilize light. In 423 B.C., Aristophanes, in his

comedy ‘The Clouds’, describes the use of light for the treatment of materials for

the first time, and in the eighteenth to nineteenth centuries, many doctors would

apply sunlight or radiation from various artificial sources to cure diseases such as

tuberculosis and eczema (Muller et al. 2006). Laser devices were found to be very

helpful in a wide range of medical or cosmetic applications, however, they were

they are not risk free for human’s health. In these applications the laser light usually

thought to be a ‘magic light’, appropriate for several uses without any risks or

hazards. This is a myth that encompasses medical laser applications. Unfortunately,

this myth in relation to this technology poses a serious problem in health care. As

Hofmann states, the mythical has re-entered health care, and presents an ethical
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issue that must be considered seriously (Hofmann 2002). Moreover, more than

50 years after the discovery of lasers, we might be in the unpleasant position of

discussing laser-mania (Anderson et al. 1998; Rosen 2000). People inquire about

laser treatments or accept other treatments, like tattooing, because they were

promised that lasers could help them if they later regretted their decision (Varma

and Lanigan 1999). These facts and situations promote a host of ethical dilemmas

for doctors, patients, and the public.

Ethical Issues

The ethical issues that may arise from a technology and its application are complex

and complicated. It has been proposed that technologies can be grouped in terms of

their impact on individuals and society (Frize 2013). The focus of this paper is

mainly on individuals, although the general impact on society is also illustrated. Our

discussion covers ethical considerations that are crucial for both the public

(customers, citizens, patients) and laser-related professionals such as physicians and

tattoo artists. The major laser ethical issues are divided into five categories: (1)

media, marketing, advertisement, (2) economic outcomes, (3) user training, (4) user-

patient/client relationship, and (5) other issues. The first four categories are based

mainly on the groups that were presented in a previous short letter on the possible

considerations concerning laser medicine (Raulin et al. 2001), and on the acronym

‘ETHICAL’ (Economics, Training, Heart to heart discussion between physician and

patient, Interests, Contraindications, Advertising, and Libel versus letting author-

ities know of misconduct) that was used in another paper to identify the major areas

of which physicians must be mindful (Torres et al. 2011). Of course, the impact of

lasers on society is not limited to their medical and para-medical application, as

presented here, because lasers offer an extremely wide range of applications. Non-

medical applications of lasers, which are related to science and industry applications

which also have a significant impact on society (Nasim and Jamil 2014; Werle and

D’Amato 2013; Baer and Schlacter 2010; Denney 2004; Samm et al. 2010) are not

discussed here and are beyond of the scope of this paper.

To identify the complex relationships between laser applications, ethical issues

and the people that may be affected we proposed a three-dimensional matrix. This

matrix is based on the model that was proposed and used to investigate the new

‘bio-objects’ emerging from biotechnological and life science innovations (Dabrock

et al. 2013). The proposed matrix consists of laser applications along the X-axis,

ethical issues along the Y-axis, and the people that may be affected along the Z-axis

(Fig. 2a). The X-axis shows the laser applications divided into the three general

groups (as were mentioned in Fig. 1), medical, para-medical and non-medical. The

ethical issues shown on the Y-axis, represent the possible ethical issues according to

the five categories that was mentioned in the previous paragraph. On the Z-axis, we

find the people that may be affected by the use of lasers, divided into three general

groups: users (as physicians, tattoo artists), citizens/patients (the people who is

visiting a professional in order to accept a laser based procedure) and the

community in general.
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The three-dimensional matrix helps us to order, identify, observe, meet, and

discuss the ethical issues concerning lasers and provide an orientation in this

unexplored field. For instance, if we would like to identify and discuss the possible

ethical issues of the para-medical laser applications (X-axis), we should see that the

issues arise from (Y-axis) media, economic outcomes, user training, user-patient/

client relationship and other issues. Moreover, for each member of this group we

should see how the ethical issues influence specific people (Z-axis), users, citizens/

patients and the community. The arrow indicated with the number 1 in Fig. 2a,

demonstrates that ‘‘the Para-medical Applications generate Economic Issues that

affect the Users of laser devices’’, which is a sub-area of the field. This example

Fig. 2 Model to survey the ethical issues concerning lasers. This model (a) illustrates the
multidimensionality of the ethical issues. The different dimensions [Applications (X-axis), Ethical
Issues (Y-axis) and the people that may be affected (Z-axis)] are interlinked. The arrow with the number 1
indicates an area of the field as an example to highlight how each dimension is related with the other. The
second order (b) demonstrates a sub-matrix that is focused on the para-medical applications of lasers
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highlights how each dimension is related with the other. The x-axis of the matrix

can be expanded into specific applications of the lasers. For the purposes of this

paper, a sub-matrix includes on the X-axis the laser eye surgery and the laser tattoo

removal (Fig. 2b) can be used in order to identify the multi-dimensionality of the

ethical issues that arise from these two laser applications, which are used as

examples in the next sections of the paper.

In this case, the X-axis represents the medical applications of the lasers, such as

laser eye surgery and laser tattoo removal, which are discussed in the next section.

This model matrix can be expanded in its dimensions because new unexplored areas

arise every day with the development of new laser devices and emerging

applications. This is why we believe that the scientific community must make an

effort to initiate a real discussion concerning medical laser ethics, and that

professionals from different scientific fields must participate in this debate.

Media, marketing, and advertisements. First, let us examine the role of media,

marketing, and advertisements that physicians, clinics, and beauty and tattoo

establishments are using in order to sell their services (Raulin et al. 2001; Torres

et al. 2011). This category is highly influenced by commonly held misconceptions

about lasers, as was mentioned in the previous section. Frequently, laser light is

considered a ‘magic light’ that is not at all harmful, and can be applied to all patients

and all situations. The media, marketing consultants, and advertisers, among others,

are taking advantage of this mistaken belief in order to sell ‘services’ and

‘products’. In cases where public health might be influenced, such attitudes and

strategies might only result in adverse consequences. Also, in the medical literature,

it is often reported that reliable, research-based evidence competes with the sales

and marketing tactics of medical device and drug manufacturers (Anderson 2013).

Furthermore, physicians or other laser device users must remain aware that not all

uses of a product are necessarily safe, effective, or ethical even if a manufacturer

has legal permission to market the product. This is often a result of weak Food and

Drug Administration (FDA) regulations stemming from many reasons, such as a

lack of evidence or pressure from drug and device companies (Anderson 2013;

Fargen et al. 2013; Johnson 2013). Moreover, it must be noted that laser-based

innovations, such as their use in different surgical procedures, are often not

systematically and rigorously tested to the same extent as pharmacological agents.

Consequently, FDA approvals should not be used as an ethical guiding factor; new

device or technology users are responsible for setting their own ethical standards in

their practice.

Economic Outcomes

Many ethical considerations arise from the economic outcome of laser use in each

situation. One parameter is the unethical or inappropriate advertising used to

increase the use of lasers. An even more reprehensible situation arises when clinics/

hospitals and physicians promote laser use even in cases for which laser devices are

not appropriate, not only to increase their incomes but also to depreciate the value of

the equipment (Raulin et al. 2001). In these situations, the welfare of the patient or

client may not be a priority, and it is obvious that in cases involving physicians, they
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have violated the general ethical principles that physicians must follow, or the

Hippocratic Oath. The general ethical principles of patients’ autonomy, non-

maleficence (do no harm), beneficence, and justice (fairness) are the principles that

should guide all physicians’ behaviour (Anderson 2013). Since it is the physician

who decides, or at least proposes, that a patient needs a laser-based procedure, it can

be argued that some laser procedures include by nature an inherent conflict of

interest, as the treatment is in the financial interest of the physician. Therefore, a

good ethical user-client relationship should be developed (see next sections).

Physicians are frequently pressured to use a new medical device, but it should be

noticed that the goal of the sales representative is to sell products, not to improve

patient care. In addition, clinics and institutions sometimes resell laser devices

without any regulation; non-physicians and people lacking expertise might use the

lasers in a harmful manner (Torres et al. 2011). Similarly, many companies that

produce lasers do not require the buyer to have any expertise or certification in the

use of lasers, or they devise ways to circumvent legal issues (Kluger 2010; Fusade

and Mordon 2011). Consequently, stricter regulations and the formation of

competent authorities with the power to supervise laser use are required.

User Training

Concerning training, it has been observed that legal requirements are lacking for a

number of possible users of laser devices, such as physicians, tattoo artists, and

cosmetologists (Raulin et al. 2001). In cases where non-physicians are using laser

devices for medical or para-medical applications (under the supervision of a

physician or without supervision) (Jalian et al. 2013; Fusade and Mordon 2011;

Karsai et al. 2010), the increased possibility of accidents and the absence of basic

medical knowledge might lead to serious harm. Of course, ethical issues are also

involved when physicians perform laser medicine. Even when there are no legal

issues for untrained physicians, they must prioritise the welfare of the patient and

honestly disclose whether they are qualified to perform such a procedure or lack the

appropriate training (Anderson et al. 1998). Of course, any new procedure demands

additional appropriate training to prevent physicians from causing harm. Physicians

or other laser users, even when certified to use medical lasers, must continue to be

aware of emerging data regarding their use, as well as FDA recalls of specific

products (Anderson 2013).

User-Client Relationship

The next category, user-patient/client relationship and the discussion between them,

is similar. As professionals, health care providers have a special obligation to their

clients/patients (Anderson 2013). Because their ‘clients’ are patients or people who

require medical assistance, the user-client relationship must be based on trust and

confidence, and the enhancement of the patient’s welfare should be the primary

motivation for all decisions. Within the physician-patient relationship, a patient has

rights, both negative (not being killed/harmed intentionally or negligently, and not
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being deceived) and positive (being sufficiently informed, treated by a competent

physician, and having the final decision) (Anderson 2013).

People undergoing treatment with any kind of laser must be informed about the

user’s qualifications, possible hazards, contraindications, possible alternative

procedures, and the expected results. Moreover, in cases of new procedures,

patients should be accurately informed about the novelty of the procedure they are

about to undergo, the materials being used, and the fact that there are limited data on

procedure outcomes. Patients should be fully informed of all risks for any surgery.

In the case of innovative surgery, a discussion of risks should include the potential

for risks that are yet unknown (Anderson 2013). Patients should also be informed of

any relevant FDA warnings. Patients and clients should possess all the information

necessary to make decisions concerning their health, thus protecting their autonomy.

Moreover, patients/clients should be in a position to understand the related issues

and make a voluntary decision. In order to protect patient rights, it must be noted

that physicians, not other clinical support staff, should provide the necessary

information to and obtain written informed consent from the patient. Of course, the

doctors should not shift total responsibility to the patient; a balanced, shared

decision should be reached together by the physician and patient. In the case of

medical lasers, it has been highlighted that in many cases, the major criterion of

laser use is not therapeutic success, but the final aesthetic result (Raulin et al. 2001).

This issue can be considered a subcategory of the user-patient/client relationship.

Doctors especially ought to use lasers only when necessary and appropriate.

Although important, in no circumstances should aesthetic results be the major

criterion of laser use. Patient/client welfare, safety, and health should come first.

The user should be honest with clients/patients and not be driven by the final

aesthetic result, which might mislead them.

Other Issues

Lasers are indisputably a valuable tool in multidisciplinary research fields,

especially those affecting medicine and biology. Some of the recent Nobel prizes

in physics were based on lasers, including the works on laser trapping/cooling from

Chu, S., Cohen-Tannodji, C, & Phillips, W.D. (Nobel Prize 1997), Bose–Einstein

condensate from Cornerle, E., Ketterle, W. & Wieman, C.E. (Nobel Prize in 2001),

and the optical frequency comb from Gauber, Hall, J.N. & Hanch T.W. (Nobel Prize

2005), to mention a few (Nobel-Media-AB 2013). Inevitably, research on laser-

based applications, even for medical purposes, can often lead to dangerous paths

that pose a threat to humanity. For instance, lasers can be used to separate medically

important isotopes; but, this technique can also be applied to create nuclear fuel that

can be used for the development of nuclear weapons (Brumfiel 2012). Another

example is the use of laser gene sequencers developed to identify patients’ DNA and

offer personalized therapies for even the most stubborn diseases. Although these

techniques are quite promising, grave issues of bioethics arise concerning human

DNA reading, such as eugenics, procreative beneficence, gene therapy, human

genetic engineering, life or medical insurance issues, and so on. Imaging of the

brain is a further example of laser research that gives rise to potential ethical issues.
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Several laser-based techniques have been investigated in order to achieve brain

scanning and imaging, such as Optical Coherence Tomography (OCT) (Liu and

Chen 2013; Xie et al. 2010), photo-acoustic imaging (Iyer et al. 2005; Wang et al.

2003), multiphoton-non-linear (second and third harmonic generation) imaging

microscopy (Nase et al. 2005; Nabekura and Eto 2010), as well as holographic (Ko

and Webster 1995; Anselmi et al. 2011) and laser Doppler imaging (Raabe et al.

2009; Martin-Williams et al. 2009). At this time, the key modality in the field is

functional magnetic resonance imaging (fMRI). Already, ethical considerations

have begun to consider the possible future ability of this modality to ‘read a

pearson’s thoughts, which is called ‘brain scanning’ or ‘brain decoding’ (Brumfiel

2012). In the future, it is not impossible one for the laser based brain imaging

techniques to achieve functional mind reading of patients and the complications

arising from such a situation are endless (Brumfiel 2012; Buller 2014; Karanasiou

et al. 2008). Consequently, research into medical applications of lasers must be

taken under serious consideration if humanity does not want to open another

Pandora’s box, as with previous situations such as nuclear energy (Kant and Mourya

2010; Blowers 2011; Taebi et al. 2012). The history of science and past mistakes

could help us to avoid new, unpredictable, and harmful developments of new

technologies.

Examples

This section discusses two specific applications of medical/cosmetic lasers, laser

eye surgery and laser tattoo removal. These examples will help us to demonstrate

how the previously mentioned considerations and ethical issues arise in real-life

practical applications.

Laser Eye Surgery

The advancement of surgical practice necessarily requires innovation (E. E. Ander-

son 2013), and no one can deny that the development of lasers has dramatically

changed medical practice in the field of ophthalmology (Xie and Chen 2005; Yu

et al. 2006; Xing et al. 2013; Misiuk-Hojło et al. 2007; Kullman and Pineda Ii 2010;

Bastawrous et al. 2011; Pollack 1991). In the United Kingdom, more than 100,000

laser-based vision correction procedures are performed annually (Science and

Technology-Facilities-Council 2010), and this is estimated to be a $2 billion dollar

industry in the United States (Baer and Schlacter 2010). Lasers have found various

applications in the field, from pathological region imaging to therapeutic purposes.

In order to highlight the ethical considerations that might arise from a specific use of

lasers, discussion is focused on Laser in Situ Keratomileusis (LASIK), which was

developed in the late 1980’s (Pallikaris et al. 1990). LASIK is a refractive surgery

used to reshape the cornea to improve the focusing power of the eye in cases of

reflective errors (myopia, hyperopia, astigmatism); as indicated by the acronym,

laser sources are used. This type of surgery is so popular that it is commonly

referred to simply as ‘laser eye surgery’. Because this surgery is so common and

performed by many physicians, marketing strategies and advertisements are widely
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used in order to increase surgical volume per doctor or clinic, leading to several

ethical issues. According to Koch, advertisements for LASIK surgery can be legal

and ethical, legal but unethical, or illegal, if they do not follow relevant guidelines

such as those proposed by the U.S. Federal Trade Commission (Koch 2003).

Patients can be deceived in several ways concerning the price (retreatments or

follow-up visits are not mentioned), eligibility (not all patients can receive the

therapy), outcome (advertisements imply a permanent and full therapy, which is not

always the case), and fear (other procedures are presented as more invasive and

painful). The impact of such advertisements on the public is so crucial, LASIK

advertising has led to the formation of a new type of patient: those who demand the

specific procedure that they believe is appropriate for themselves (Arshinoff 2004).

This kind of patient’s demand to accept only a laser based procedure, in this case

LASIK, and they are not interested in any other kind of therapeutic procedure that

their physician might suggest to them. According to Arshinoff, this kind of patient

‘‘presents demanding a procedure rather than complaining about a medical problem

and inquiring about suggestions for amelioration of the problem’’ (Arshinoff 2004).

This phenomenon is a result of the influence of the advertising, as well the ‘laser

mania’ which we discuss previously. Also, there are occasions of ‘‘LASIK tourism’’,

where citizens/patients prefer to travel abroad in order to accept LASIK surgery. In

many cases, this kind of tourism puts patients at risk since the patients are less well-

informed of risks and lose postoperative care (Lockington et al. 2013).

Professionals play an extremely important role in minimizing the deception of

patients, not only following legal and ethical methods in their advertisements, but

also in communicating with other ophthalmologists whose advertisements are not

appropriate (Packer 2004). Moreover, physicians need to inform their patients

thoroughly and take regulatory action when they can protect both the public and

their profession from misleading and defamatory ads (Koch 2003). Bad advertising

can be counteracted with good advertising. Advertising campaigns by appropriate

societies can be carried out to oppose procedure advertising (Arshinoff 2004) or to

correctly inform and educate the public about their options concerning laser

therapies, to minimize misunderstandings. It has to be clear that LASIK is not

appropriate for everyone. The FDA has approved the procedure in people 18 years

and older, and some contraindications have been established, including the patients’

history of eye diseases, pregnancy, and whether the patient’s eye can receive this

kind of surgery (Weinberg and Insler 2010). LASIK is a safe surgery, but as with the

majority of medically invasive procedures, has a number of potential adverse or side

effects about which patients must be informed before surgery (O’Reilly 2002).

Laser Tattoo Removal

The removal of tattoos with lasers is unique in that it is not a completely medical

issue. There are several types of tattoos, including amateur-decorative, professional-

decorative, cosmetic, traumatic, and iatrogenic/medical (see Table 1). In tattoo

removal, or even in their origin, a variety of professionals might be involved,

including physicians (surgeons, dermatologists) and tattoo artists. Although it is

now widely accepted that health professionals should study ethics during their
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medical training (Godbold and Lees 2013), not all professionals who may be

involved in tattoo removal have obtained a relevant education.

Despite the fact that laser tattoo removal is based on the principle of selective

photothermolysis, the laser-tattoo interaction is not well understood, and should be

evaluated (Choudhary et al. 2010). Despite this lack of knowledge, lasers were

investigated very early for their possible use in tattoo removal (Goldman et al. 1963,

1965), and currently are the most widely applied method and are consider as the

gold-standard treatment for the removal of the unwanted tattoo (Luebberding and

Alexiades-Armenakas 2014). Other techniques for removing tattoos include

excision, cryotherapy, dermabrasion, salabrasion, cauterization, and infrared

coagulation (Greenbaum and Greenbaum 2013; Barikbin et al. 2010; Kirby et al.

2013; Setlur 2007). Although these methods have attracted interest, they are beyond

the scope of this paper; dangerous issues concerning the art of tattoos (Healy 2008),

other than the use of lasers to remove them, will not be discussed.

In our opinion, the major ethical issues concerning laser tattoo removal begin

even before people decide to get a tattoo (in the case of decorative and cosmetic

tattoos where people have the choice). If you change your mind, advertising by

different professionals portrays laser tattoo removal as easy, painless, and complete.

But, this is not always the case, and some important issues concerning the number of

treatment sessions, postoperative care, and possible complications (Klein et al.

2014; Setlur 2007) are not mentioned. Once again, lasers are presented as ‘magic

light’ that can relieve people from undesired tattoos. However, there is not one

Table 1 Tattoo Classifications (Aurangabadkar and Mysore 2009; Choudhary et al. 2010)

Class Description Removal

Amateur-

decorative

Placed by individuals using a variety of

methods

Made of carbon-based ink, blue-black in

colour

Few sessions, since they are usually light

Professional-

decorative

Performed by professionals and intended to

last. Large quantities of ink which

contains both inorganic (iron, titanium,

cobalt, cinnabar, cadmium, mercury,

copper, chlorine, bromine, aluminium,

carbon) and organic (azo or non-azo dyes

and polycyclic compounds). Multi-

coloured

Large number of sittings. May not clear

completely, and a ghost image of the

design may remain

Cosmetic Performed by both medical professionals

and tattoo artists. Inks with a mixture of

components, including ferric oxide and

titanium dioxide

Pigment darkening may occur after laser

treatment

Traumatic Tattoos that are the result of an accident

rather than intentional

Laser therapy might become dangerous due

to reactions with the responsible pigment

Iatrogeneic/

Medicinal

Performed by medical professionals either

for reconstruction purposes or as markers

for medical purposes

As professional tattoos (since they are

performed by medical professionals for

reconstruction purposes their removal is

rare)
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specific wavelength or laser device that is appropriate for all cases (Jow et al. 2010;

Sarnoff 2014). In many cases, multiple wavelengths of laser light and a combination

of laser devices are required throughout the course of therapy to achieve a

successful treatment outcome (Choudhary et al. 2010; Suchin and Greenbaum

2004). Because each patient is different and each tattoo is unique, special care is

required in selecting the appropriate laser to produce the desired results. For

instance, location of the tattoo, age, and skin type of the patient are some of the

factors that influence tattoo removal, while patient compliance might influence total

tattoo clearance (Jow et al. 2010). Furthermore, people must be informed from their

first visit to the tattoo studio that if they decide to remove their tattoo in the future,

there is always the possibility that a full removal will not be possible. Moreover,

tattoo removal requires a number of treatments (Kirby et al. 2013), which entails an

investment of money and time. Postoperative care is required during and

immediately after these sessions (e.g. antibiotics, anti-inflammatory agents, sun

protection), which is not always mentioned to the patient/client. This postoperative

care might influence the patient’s quality of life and daily routine for a significant

length of time. Moreover, although laser tattoo removal is a safe procedure, the

possibility of complications (e.g. allergic reactions, textural changes, and scarring)

and accidents (Aurangabadkar and Mysore 2009; Choudhary et al. 2010) cannot be

ignored. The client must be informed about these possible complications before

deciding to undertake the risk of being tattooed.

Another important issue concerning laser tattoo removal is that special

knowledge is required for the professional using the laser devices. Although

physicians are obviously the best choice, not all doctors are qualified to use lasers. A

special postgraduate qualification from an authorized laser education centre is

required for physicians (mainly dermatologists, in tattoo removal) to receive the

proper knowledge to administer medical laser treatment. Moreover, many non-

physicians, mainly tattoo artists, also perform laser tattoo removal (Fusade and

Mordon 2011; Karsai et al. 2010; Setlur 2007). This phenomenon is the product of a

lack of up-to-date legislation in many countries to address the evolution of photon-

emitting devices (Fusade and Mordon 2011). Furthermore, many companies that

manufacture laser devices for medical purposes label their device as ‘cosmetolog-

ical’ to avoid legal prohibitions (Fusade and Mordon 2011), or they do not require

proof of ability or diploma/certification from their customers, a requirement that

might minimize the uncontrolled use of medical lasers (Kluger 2010). In order to

overcome some of the limitations and possible hazards posed by previous laser

devices and ensure the appropriate use of lasers for tattoo removal, there is a need

for stricter regulations and requirements, especially as demand continues to increase

and the application of laser physics technology continues to develop.

Limitations and Achievements

In this paper we demonstrated that the use of medical and para-medical lasers has so

greatly influenced our lives that the scientific community must initiate an earnest

discussion of medical laser ethics. The searching of relevant material was performed

basically on electronically resources including the online databases Scopus (http://
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www.scopus.com) and PubMEd (http://www.ncbi.nlm.nih.gov/pubmed/). Apart

from this database search, Google and Google Scholar were used for finding

additional material. Furthermore, references found in the initial articles were also

used. To capture the relevant studies, key words and indexing terms (e.g. laser

ethics, laser considerations, laser and magic light, medical laser ethics) were used.

The research methodology used and the paper in general have a number of

limitations. First of all, only articles and web material that was published in English

were included and there was not any parallel search performed from other

independent researchers. Although the online databases that were used are of the

most valid, a small number of databases were used. Furthermore, the inclusion and

evaluation criteria were not very strict and were mainly based on the subjective

personal opinion on whether they were offering some valuable information on the

ethical issues arising from the use of lasers. Also, as has been mentioned, the field of

‘laser ethics’ is not a defined entity. Consequently, the used key words might not

capture all the relevant articles, some possible key terms might were omitted and the

existing material in the field is limited.

Despite these limitations, we believe that a significant number of achievements

were demonstrated through the whole paper. Firstly, we provided a definition for

‘laser ethics’ and we collected a number of previously published articles (mainly

short letters) that discuss on relating issues. These articles were used to support our

beliefs and ideas. We discussed that the origins of laser ethics arise from the myth of

the ‘magic light’, as we called the belief that lasers are harmless and have only

beneficial effects for all the people and under every circumstances. The myth of the

‘magic light’ is enhanced by the correlation of lasers with light and the ancient

beliefs that light, especially sunlight, is divine and powerful. Next, we provided a

three-dimensional matrix which can be used to identify the complex relationships

between laser applications, ethical issues and the people that may be affected. We

divided these ethical issues into five major groups: (1) media, marketing, and

advertising; (2) economic outcomes; (3) user training; (4) the user-patient/client

relationship; and (5) other issues. Finally, we used as examples two of the most

common applications of lasers, laser eye surgery and laser tattoo removal, in order

to discussed how each of these ethical issues arise in everyday laser applications.

Conclusions

Medical technology has the ability to do great things and has dramatically changed

the field of Health care. Medical lasers is one widely used technology that has

contributed to many areas of medicine. However, many ethical issues arise for these

reasons special attention is required from all stakeholders. This article highlights that

many of the ethical considerations arising from the use of medical lasers have their

origin in the myth of the ‘magic light’ of laser devices. These developing issues are

complex, and will become more important as laser applications continue to expand.

The five categories of ethical issues and their consequences cannot be ignored: (1)

media, marketing, advertisement, (2) economic outcomes, (3) user training, (4) user-

patient/client relationship and (5) other issues. Ethical considerations were presented
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in terms of their impact on individuals (users, patients) and society, and a model of the

complex relationships was presented.

Interestingly, a significant number of the articles that discuss the ethical

considerations concerning medical lasers were published as short letters or notes in

scientific journals. In our opinion, this fact illustrates that, although many researchers

and physicians acknowledge the numerous ethical considerations that arise from

medical applications, they wish to discuss these issues more extensively and in detail.

We believe there is a place for the discussion of authentic ethics, and that

professionals from a wide range of backgrounds can fruitfully contribute to the field

of laser ethics. This discussion becomes more important and more important, if we

admit that laser technology holds the prospects of significant of improved treatment.
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