
18 cosmeticnewsuk.com

Recently salon owners in the UK have begun to look at offering tattoo 
removal services as part of their overall package. While this is a 
good move, generally, there are a number of issues, which should be 
understood by all therapists before launching into this area.
Firstly, the only technique that has been clinically proven to remove tattoos without 

seriously damaging the skin is the Q-switched laser. A Q-switch is a device that 

essentially ‘squeezes’ all the laser energy into an extremely short pulse duration, 

typically, billionths of a second. Such short pulses do not generate thermal (heat) 

reactions in tissues, unlike many other lasers and all IPL systems. Instead, a different 

type of reaction known as the ‘photo-acoustic effect’ is induced. This reaction 

generates a shock wave, which causes the brittle tattoo ink particles to fracture 

into smaller fragments, which macrophages within the skin will remove over time.

Secondly, IPL systems cannot produce nearly enough power to break down tattoo 

ink in the same fashion as with Q-switched lasers. Indeed, IPL systems cannot induce 

the photo-acoustic effect at all. They can only generate thermal reactions, which can 

lead to scar formation if used on tattoos due to damage to the adjacent collagen.

The power density is absolutely critical when attempting to treat tattoos. 

Below a certain threshold the photo-acoustic effect will not occur and the 

tattoo pigment will not fragment. The graph on the opposite page shows 

the differences in the power density generated by various systems.

IPL systems can generate power densities between 50 watts/cm2 and 2000 

watts/cm2 typically. If we represent 50 watt/cm2 as a 1cm high point on the graph, then many lasers used in 

cosmetic treatments today will generate equivalent power densities of 5000 watts/cm2 – a height of 100cm 

on this graph. However, Q-switched lasers can easily generate power densities of hundreds of millions of watts/

cm2 – on the graph opposite this would be represented by a point more than 150 kilometres high. 
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Mike Murphy has spent many 
years in the medical laser 
industry. His first company, 
Derma-Lase Limited, was 
borne out of clinical research in 
Canniesburn Hospital, Glasgow, 

Scotland into the removal of tattoos and benign pigment lesions 
using the Q-switched ruby laser. He was involved in the original 
research program from 1986, and also studied the effects of the 
pulsed dye laser on vascular lesions (such as port wine stains). 
While working in the hospital Mike became the Laser Safety Officer 
responsible for the safe use of all the lasers within the Canniesburn 
Laser Suite. At the same time he had to implement the recently 
formed COSH regulations where they applied to lasers. In 1989 
Mike and his colleagues formed Derma-Lase Ltd to sell the DLR1 
ruby laser across the world with many sales in America and in 
South East Asia. They opened the world’s first tattoo removal 
clinic in Glasgow using Q-switched lasers. Two years later they 
launched the world’s first commercial Q-switched Nd:YAG laser 
for dermatological applications, the MultiLine. In 2002 Mike 
started working with PhotoNova of Sweden as a consultant. He is 
currently working on a report on the thermal effects of IPL pulses 
on tissue, in particular blood vessels. This area has not been fully 
explained in the literature and has led to a poor understanding of 
the best way to treat various skin problems using IPL systems. He 
plans to publish this report later in the year. He has also recently 
begun a new spectroscopic study of tattoo inks and their response 
to Q-switched laser energy.

Mike Murphy gives his View 
On why tattoo removal lasers 
are a potential danger in our 
beauty salons
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To be absolutely clear on this, each Q-switched laser pulse 

generates a power density 150,000 times greater than typical 

lasers and 15,000,000 times greater than IPL systems!

It is clearly obvious how much more powerful Q-switched lasers are 

when compared with ‘standard’ lasers and IPL systems. This point 

must be understood by all Q-switched laser users. It is absolutely 

imperative that anyone using this kind of technology appreciates 

the power of the laser they are using. I cannot stress this enough. 

This is particularly important when considering the potential hazard 

of such lasers to the eyes – this is covered in my next point.

Thirdly, the correct safety goggles or glasses MUST be used when 

utilising Q-switched lasers. This is a legal requirement in the UK and 

is enforceable. I have become aware that some suppliers do not 

supply the proper eye protection. This is doubly dangerous because 

not only do they not provide the proper level of eye protection, but 

they also allow the wearer to believe that they are protected! 

Every pair of safety eyewear MUST indicate the level of protection and 

must be CE marked. These are both legally required otherwise the 

eyewear cannot be used within the EU countries. Current regulations, 

known as the EN60825/207 standard, state that both the frame 

and the filter must be chosen according to the laser wavelengths 

and output power density. For pulsed lasers this means that they 

must offer full protection for at least 100 pulses (or 10 seconds for a 

continuous laser) – this applies to both the frame and the filter.

The old regulations specified the optical density (OD) of the filter 

alone. The OD is a measure of how much light can get through the 

filter to the eye. It is a logarithmic scale so an OD of 1 represents a 

10% transmittance while and OD of 2 is only a 1% transmittance. 

However, the newer European Standards incorporate a required 

protection level for the frames too – this is now law for all EU states.

Laser safety goggles are specifically designed for particular lasers. 

They are not transferable. The goggles must take into account both 

the wavelength(s) and the output power of the laser. If you use a 

Q-switched Nd:YAG laser for tattoo removal then your goggles must be 

able to protect you from the 1064nm and 532nm wavelengths (which 

most Nd:YAG lasers will output) and the huge powers they generate. 

However, these goggles will only protect you from this type of laser. They 

are useless if you use a different laser. I know of a case where a very 

well known laser researcher damaged both of her eyes because she 

accidentally put on the wrong safety goggles before working with a 

Q-switched laser. That damage is permanent – it cannot be repaired!

Q-switched lasers generate both visible and invisible laser light of 

immense power (as above). Even a fraction of a percentage of 

this power is capable of permanently damaging the eye’s retina. 

Hence, if the wrong safety glasses/goggles are used and an 

errant reflection enters eye damage is almost guaranteed.

All of the above must be clearly understood before even 

switching on a Q-switched laser. Comprehensive training must 

be provided to all users by authorised personnel only. Secondary 

training by new users should absolutely not be allowed – this is 

imperative to ensure safe and effective use of such lasers.
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many clinics and salons throughout 
the uK now offer ipl systems as part 
of their daily service whether for hair 
removal or the treatment of thread 
veins, brown skin marks or facial 
rejuvenation. they are now as routine 
as facials, aromatherapy and nail 
treatments even though they have 
only been in the market for less than 
10 years.

But, how do you know if your system is operating 

at its best? If you don’t have an energy meter to 

check it from time to time, you won’t! however, 

many manufacturers do not supply such meters 

with their products – why not? Can you imagine 

driving your car without a speedometer to tell 

you how fast you were going? Of course not! 

So why are we expected to use a hi-tech piece 

of equipment without being able to check it is 

working properly?

every IPL system uses a flashlamp (or two) – this is 

where the light is generated. essentially flashlamps are 

highly engineered light bulbs. as with your domestic 

light bulb they wear out over time. the more you use 

it the less light it generates. so, after 5,000 shots the 

lamp will likely not produce 

as much light as when it is 

new. after 10,000 shots it 

might be generating only 

50% of its original power, or 

less. this means that you 

should increase the power 

to your clients as the lamp 

ages. but who does this? as 

far as I am aware, nobody. that’s because there is no 

way to measure the energy output of an IPL system 

without using an energy meter. Ideally you need to 

measure the power at the point of delivery – that is, at 

the part, which is in contact with the client. (Internal 

measurements do not tell you how much energy is 

reaching the skin!) In addition to the lamp wearing 

out, an IPL’s electrical and optical system may also 

become less efficient over time. this will also affect 

the power output.

the upshot of all this is that you may be under-treating 

your clients. have you noticed that some clients 

appear to take much longer than others to achieve 

a good result? this may be due to differences 

between individual clients, but it may also be due 

to your IPL system delivering lower than expected 

powers. In some cases your unit might be generating 

a power that is simply too low to destroy the germ 

cells in hair follicles.

simply put, this means that some clients are going 

to need too many treatments while others may 

never achieve good results. either way, this is bad for 

business and your reputation.

What can we do about this? I have recently 

come across a company based in sweden 

(www.photonova.com), which has just launched 

an energy meter specifically designed to 

measure the output of almost any IPL system. It 

is called the efm meter and this device can tell 

you the energy density and the length of the 

pulse from your IPL unit. It is critical to know each 

of these parameters to ensure safe and effective 

treatments and to generate good, consistent 

results ultimately.

as far as I know it is the only device on the market, 

which can measure all IPL systems’ output. If 

you want to be sure you are delivering the best 

service to your clients, then I suggest you look into 

checking your system. Which brings me back to 

my original question – why don’t manufacturers 

supply energy meters with their products? It seems 

obvious to me that they should. or, are they trying 

to hide something?

ON EMPTy?
mike murphy asks, why don’t manufacturers 
supply energy meters with their IPL systems?

Mike Murphy, b.Sc., M.Sc.(bioengineering) 
has been involved with lasers and iPl systems 

since 1986 when he worked with plastic 

surgeons in the Plastic and Reconstructive 

Surgery unit, Canniesburn hospital, glasgow. 

he is a physicist and was involved in clinical 

research into the removal of vascular and 

pigmented lesions and tattoos using lasers and 

was also the laser safety officer in the hospital’s 

laser unit. he has published a number of clinical 

reports in peer-reviewed journals across the 

world in both clinical and theoretical aspects of 

laser/iPl treatments in skin. in the last few years 

he has worked as an independent consultant in 

both lasers and iPls around the world. 

Can you imagine driving your 
car without a speedometer to tell 
you how fast you were going? Of 
course not! 

RUNNING
Best Practice  |  IPL Efficiency
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FDA Approval – What is it?

the fda, or food and drug administration, is a 

us government body which “regulates companies 

who manufacture, repackage, re-label and/or import 

medical devices which are sold into the us market, 

including lasers, iPls, ultrasound and x-ray equipment”, 

according to their web site.

under the fda’s classification system medical/aesthetic 

devices are divided into three regulatory (risk) classes 

- i, ii and iii. devices are classified according to the 

level of control necessary to ensure the safety and the 

effectiveness of the device. regulatory control increases 

from class i to class iii and these define the regulatory 

requirements that must be satisfied before the device 

may be sold on the open us market.

under current regulations any electrical medical/

aesthetic device must be approved under either a 

Premarket approval (Pma) submission or a Premarket 

notification 510(k) (or, if it is a low risk device, it may 

be classed as ‘exempt’).

PMA submission 

a Pma submission is the most stringent type of device 

marketing application required by the fda. a device 

manufacturer/supplier must obtain approval of its 

Pma application before marketing the device into the 

us market. devices which require Pmas are class iii 

products which are deemed to be of ‘high risk’ in that 

they may pose a significant risk of injury or illness, such 

as lasers or iPl units. the approval process for a Pma 

is much more rigorous than a 510(k) submission (see 

below) and must include clinical data to substantiate any 

claims made by the manufacturer.

the evidence submitted to support a Pma must show 

that the device is not only safe to use, but also effective for 

its intended use(s). hence, a Pma approval is an actual 

‘approval’ which is based on clinical results. 

Premarket Notification 510(k) submission 

a 510(k) submission is significantly different from a Pma in 

that it merely requires the manufacturer to show ‘substantial 

equivalence’ to a similar, existing device which is “legally in 

commercial distribution in the us market”. it does not mean 

that it has been fda approved – it is essentially a paper 

exercise. indeed, some devices achieve a 510(k) against 

another system which itself only has a 510(k). 

such a submission does not require clinical evidence to 

substantiate its claims. however, some fda reviewers may 

request evidence, if they feel it necessary.

Mike Murphy, B.Sc., M.Sc.
(Bioengineering) 
Mike Murphy has been involved with lasers 
and IPL systems since 1986 when he worked 
with plastic surgeons in the Plastic and 
Reconstructive Surgery Unit, Canniesburn 
Hospital, Glasgow. He is a physicist and was 
involved in clinical research into the removal 
of vascular and pigmented lesions and 
tattoos using lasers and was also the laser 
safety officer in the hospital’s laser unit. He 
has published a number of clinical reports in 
peer-reviewed journals across the world in 
both clinical and theoretical aspects of laser/
IPL treatments in skin. In the last few years he 
has worked as an independent consultant in 
both lasers and IPLs around the world. 

mike murphy on how the ce 
mark compares with fda 
approval for medical/cosmetic 
lasers and iPl devices

speCial feature: Laser/IPL

n o  e v i l

There appears to be some confusion about FDA approval and how it compares 
with the CE Mark in the cosmetic/medical arena. Many people in Europe 
mistakenly believe that FDA approval is a ‘higher standard’ than the CE Mark. 
Certainly, many manufacturers (particularly American suppliers and their 
distributors) use this confusion to imply that their equipment is, somehow, 
superior to the European-based competition. Hopefully this article will help to 
shed some light on the subject.

Device Type FDA Regulatory Requirements

Class I ‘Low Risk’ - may only require a 510(k)

Class II ‘Medium Risk ‘ - may only require a 510(k)

Class III ‘High Risk’ - requires a PMA approval
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in fact, when a manufacturer receives a 510(k) 

‘approval’ letter from the fda they are specifically 

instructed not to use the terms ‘safe’ or ‘effective’ 

in their marketing literature or web sites because 

the fda do not endorse such claims based on this 

assessment. it is merely ‘substantially equivalent.’

many us companies offer devices which have 

a number of clinical claims to broaden their 

market appeal. however, a 510(k) only requires 

that one of these claims is actually met. this is 

now commonplace within the us market, and, 

consequently, internationally. hence, a device which 

claims to treat hair, blood vessels and pigmented 

skin marks may actually have only been tested on 

hair or  blood vessels or brown skin marks, but not 

necessarily all three.

Before a company is allowed to market a device in the 

us under a 510(k) they must receive a written ‘order’ 

from the fda which states that the device has been 

‘cleared’ for commercial distribution in the us – it 

does not mean that the device is ‘approved’ by the 

fda. merely that it is ‘substantially equivalent’ to an 

existing device.

finally, a 510(k) submission may only take 90 days 

to clear while a Pma submission could take six 

months or more plus the time for clinical trials (which 

themselves could take years.) this fact alone should 

raise some concerns about any device cleared under 

the 510(k) process.

i recently spoke to a very well-known american 

investigator who does a lot of work for companies 

seeking fda approval for their equipment. his 

words were that “they (the fda) are all over the 

place.” When asked what he meant he replied 

that the process depended entirely on which fda 

official reviewed the submission. often, under 

a 510(k), one reviewer may just want to see the 

specification sheet, while another may ask for 

three or six months’ clinical results. however, he 

did admit that the fda are “becoming more hard-

nosed now.”

a conversation with an american medical laser 

industry consultant confirmed these comments.

recently, a report1 was published which 

investigated the ‘recall’ rate on medical devices by 

the fda. the authors found that there had been 

113 recalls in the period 2005 to 2009 based on 

high risk devices which could ‘cause serious health 

problems or death.’ out of these 113 devices 71% 

had been cleared through the 510(k) process 

which indicates a serious, potential problem with 

this particular route. interestingly, 19% of these 

devices had been processed via the Pma route 

which is, perhaps, more worrying, since this is 

supposed to be a much more rigorous process. (7% 

were devices which had been considered ‘exempt’ 

from fda regulation – and yet were subsequently 

found to be dangerous.). the authors concluded 

that a reform of the regulatory process should 

be undertaken to ensure future safety of medical 

devices. i would say that understatement is clearly 

evident here.

clearly, this shows that not all fda ‘approvals’ 

are the same. While a Pma submission is more 

stringent than the 510(k) process, it is obvious 

that there is a significant efficacy and safety 

(or device risk) difference between the two 

procedures. in other words, ‘fda approval’ in 

itself is meaningless without further explanation 

as to which type of ‘approval’.

in summary, fda approval basically relates 

to studies proving that claimed clinical results 

of any device are shown to be statistically 

significant (compared with the original state) and 

that any side effects of the clinical procedure(s) 

are “reasonable” and not life threatening.

CE Mark (Declaration of Conformity)

the ce mark is a legal requirement for virtually 

every product sold within the eu. Before any 

medical/aesthetic product can be placed on the 

european market they must meet the requirements 

of the relevant eu product directives. these 

directives are joint rules that have been put in 

place to simplify trade to and between the member 

countries of the european union.  

The CE Mark has specific meanings 
including the following:

it is a manufacturer’s declaration that their 1. 

product complies with the required health and 

safety regulations under article 100a, european 

health, safety and environmental legislation, 

known as the Product directives;

the product may be legally placed into the 2. 

market of any eu country;

it shows users that the product meets the 3. 

designated minimum safety standards and a 

minimum quality level

it allows for the withdrawal of non-conforming 4. 

products by customs or enforcement 

authorities.

as with the american fda system such products 

are usually classified under the following scheme:

the ce mark means that a manufacturer is 

satisfied that his product conforms with the 

relevant essential requirements in the 93/42/

eec directives and that it is fit for its intended 

purpose. however, they do not need to submit 

clinical data to support their claims. it also 

means that the product can be freely marketed 

anywhere in the eu without further control. 

unlike the fda processes, the requirements 

of the ce mark are clearly established in the 

directives. these are quite precise and minimise 

the vagueness which appears to plague the 

fda processes. that’s not to say that the 

ce regulatory process is perfect – there is 

something of a grey area in the definitions of 

whether a procedure is ‘medical’ or ‘cosmetic’. 

The CE Medical Mark

the ce medical mark is a requirement for all 

medical devices used in ‘medical applications’ 

– this applies to most class iii products, but 

not necessarily to the other classes. regulations 

dictate that extensive data from clinical 

trials are provided as part of any submission 

to support any claims. any device used in 

hospitals and similar clinical settings must have 

the ce medical mark to ensure no interference 

with other life-sustaining equipment, such as 

respirators.

many medical and aesthetic devices fall into 

the class ii category – these include lasers, 

iPl and rf systems, ultrasound and similar 

devices. class ii devices do not require clinical 

investigation data to be provided as part of the 

submission, but it is recommended that any 

clinical claims are supported by a “compilation 

of the relevant scientific literature.” 

for example, an iPl system which is sold for hair 

removal only is classed as a ‘cosmetic device’ and 

therefore does not require the ce medical mark 

– the ce mark is sufficient. however, if the same 

unit is used to treat haemangiomas/port wine 

stains then it will be classed as a ‘medical’ unit and 

hence require the ce medical mark, since these 

are judged to be vascular abnormalities. But, 

the treatment of ‘thread veins’ is regarded as an 

aesthetic procedure in many european countries 

and hence there is no need for the ce medical 

mark.

interestingly, the cQc no longer 

requires registration (in england 

and Wales, as of october 2010) 

of iPl units used solely for hair 

removal, while they do require 

registration for devices used 

to treat blood vessels.. they 

do require registration for all 

Device Type CE Regulatory Requirements

Class I devices with low risk such as external 
patient support products

Class IIa / IIb or 
IPL devices

devices with medium risk such as laser 

Class III devices with high risk such as 
cardiovascular catheters
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medical/aesthetic lasers used in england and Wales 

regardless of their clinical applications (including 

hair.).

however, light-emitting devices, such as iPls 

or lasers, can be granted the ce medical mark 

without clinical results being submitted during 

the application process. hence these systems are 

not necessarily more reliable in terms of efficacy, 

contrary to widely believed misconceptions.

in conclusion, what i am trying to say here is that 

neither ce nor fda approval guarantees that 

medical/aesthetic equipment will deliver good 

clinical results. they are essentially safety tests 

with large variations in clinical efficacy. the main 

difference is that medical/aesthetic devices cannot 

be sold legally in europe without the ce mark 

while there is no legal requirement for any fda 

approval in the european markets. 

so, when a salesman tells you his equipment ‘has 

fda approval’ be sure to ask him ‘is that a Pma or 

a 510(k) approval?’ Because, as we now know, Pma 

is a real approval with reference to actual clinical 

results while a 510(k) is not. and, be absolutely sure 

the equipment has the ce or ce medical mark – it 

must appear on the body of the equipment – 

otherwise you could end up in serious trouble if 

something goes wrong.

Summary of Regulatory Approvals

one final word of warning; many products are 

now manufactured in china at a fraction of the 

cost of eu-manufactured devices. i have learned, 

via a manufacturer who has factories in europe, 

south america and china, that ce certification 

may be easily ‘bought’ in china without the 

proper requirements being met. a ‘real’ ce mark 

should show the identification of the notified 

Body – a company licensed to ensure compliance 

with the directives.

since any importer into europe bears responsibility 

for the safety of their imported products, they should 

satisfy themselves that their equipment truly does 

meet the various directives required under the ce 

mark. otherwise they might get an unexpected 

knock on their door one night.

CE Medical Mark Equipment must satisfy EU medical 
devices directive - clinical data 
evidence required only for Class III 
devices, but not necessarily for IPLs 
or lasers.

Legally required for all ‘Medical 
Devices’ sold within the EU – not 
valid in the US. 
Required for all hospital-based 
electrical equipment

CE Mark Equipment must satisfy general 
EU safety Directives – no clinical 
evidence required

Legally required for virtually 
everything sold within the EU – not 
valid in the US

Premarket 
Approval (PMA)

Equipment must satisfy FDA 
requirements including data to 
support clinical claims

Required for distribution and use in 
the US – not required in the EU

Premarket 
Notification 
510(k)

Equipment must be ‘substantially 
equivalent’ to an existing device on 
the US market

Required for distribution and use in 
the US – not required in the EU

REFERENCES 
(1) medical device recalls and the fda approval Process archives of internal medicine, Vol. 171, no. 11, June 13, 

2011

note: the author has personal experience of 510(k) submissions to the fda with medical lasers in the past.

“in conclusion, what i am trying 
to say here is that neither ce nor 
fda approval guarantees that 
medical/aesthetic equipment 
will deliver good clinical results. 
they are essentially safety tests 
with large variations in clinical 
efficacy”
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Later, when I started working with the world’s first IPL 

system from Sweden, we figured out how to remove hair 

on a more permanent basis – using longer pulses and 

higher powers. Since then I have continued to work on improving 

treatment applications with IPL systems by promoting the 

understanding of how these devices work in the skin – and why 

many of them do not! I have been asked many times by therapists 

and business owners why they can’t achieve the results they see in 

the glossy sales brochures.  For too long the manufacturers have 

been selling under-performing equipment for top-notch prices 

leaving the users and the clients high and dry.

The most important way to ensure good results is by having 

proper control over your system. Every client is an individual with 

individual needs. Many commercial systems do not allow the user 

the control they really need. There are three main points, which 

should be considered when thinking about IPL systems:

Firstly, to ensure good, consistent results it is imperative that the 

‘correct’ system parameters are used. This means that the unit 

should be able to output the required wavelengths, energies and 

pulse durations – only the right combination of these will damage 

the follicle’s germ cells to a point where they are irreversibly 

destroyed with no chance of re-growth. If your system delivers too 

low an energy or too short a pulse then the cells will remain viable 

and hair will grow back. If, however, the energy is too high or the 

pulse too long then you risk too much damage in the surrounding 

tissues. The user must also have a good understanding of what 

they are trying to achieve and how to do that. Hence good training 

is essential to ensure good results.

Secondly, you must be able to control the wavelengths coming out 

of your system. Some units on the market do not allow you to filter 

out unwanted wavelengths which can lead to unwanted damage. 

In fact, I know of one unit which outputs a significant amount of 

ultra-violet light which is potentially very hazardous! If you cannot 

filter out unwanted wavelengths then you will inevitably end up 

destroying tissue structures that you want to leave alone such as 

blood vessels or epidermal melanocytes.

Thirdly, I have measured the energy output of a number of IPL 

systems through the years – all of them were under-spec. In other 

words, they were indicating one output energy while delivering a 

lower energy which translates to poor results! This appears to be 

commonplace throughout the industry. When challenged one 

manufacturer told me that “their customers wanted to show higher 

energies to their clients.” Of course, most manufacturers/suppliers 

do not supply a meter to check the energy output. Why not? The 

fact that IPLs are regularly under-performing is the main reason 

why so many people achieve poor results. Ask yourself this – would 

you drive a car without a speedometer?

It is time for a shake-up in the IPL industry. Too many manufacturers 

have been ‘hoodwinking’ their customers for far too long, resulting 

in dissatisfied users and clients. The regulatory bodies are a joke – 

they do not manage the industry properly. The fact that the CQC 

withdrew from regulating IPL hair removal in the beauty industry 

in October 2010 just proves this. The playing field is now wide open 

to any spiv who wants to ‘get on the bandwagon’ and start injuring 

the public with a cheap, poorly designed, low-powered IPL to make 

a fast buck. I don’t remember the last time I heard of an inspector 

checking a company’s devices to see if they matched the claimed 

specifications or if their units were clinically safe, if ever!

Until this happens people are going to continue to buy 

substandard equipment and provide a substandard service to their 

clients – without knowing, till it’s too late!

Light based hair removal has been around since the mid 80s when we first noticed that our 
Q-switched ruby laser not only removed tattoos, but also vapourised surface hair. Back in 
those days we were quick to point out to our patients that it would soon grow back (which they 
generally wanted), as we had observed over the previous years.

Mike Murphy is a physicist/
bioengineer who has been 
involved in medical laser research 
since 1986 and in the commercial 
sector since 1989. His original 
research group developed the 
scar-free removal of tattoos 
by Q-switched ruby laser in 
Canniesburn Hospital, Glasgow. 
He now runs training courses on 
IPL systems and aesthetic lasers 
and their applications. www.
dermalase.co.uk

T h e  S t a t e 
o f  P l a y

Voice oF the industry 

Mike Murphy airs his views on IPL Hair Removal



Good business is based on trust. We 
must trust the manufacturers, engineers, 
salesmen, distributors, trainers and all 

the other people involved in the production and 
sale of high-tech equipment. our clients trust our 
judgement when buying such equipment for their 
treatments. Without this trust our lasers and IPL 
systems are just expensive wastes of money.

So what happens when this chain of trust is 
broken? recently I became aware of a situation in 
america which concerned me greatly (published on 
the FairWarning website). a Californian company had 
been selling an expensive radio-frequency device 
for ‘melting fat’ called the ‘Lipotron’. They had sold a 
good number of these devices, at up to $85,000 each, 
based on their claimed FDa clearance. 

The device was described as “truly the only 
non-invasive way to reduce fat” and was sold all 
over the US. however, it turns out that the FDa 
had not cleared that device for that application! 
The company had submitted it for market 
clearance (the 510(k) procedure – see “CE no 
evil” - Cosmetic News, December 2011) but it 
was rejected due to lack of data, despite repeated 
requests from the FDa. Consequently the company 
re-submitted the device as a ‘massager used for 

the relief of minor pain’. Since this was described 
as a Class 1 device by the company there is 
no requirement for ‘clearance’ by the FDa and 
therefore the company was allowed to market and 
sell the device freely.

When the FDa were informed by a 
whistleblower they began an investigation. at the 
time of writing they have not stopped the free sale 
of this device, even though it contravenes US law. 
an FDa spokeswoman said that if a device is not 
legally on the market, “a physician should not 
have been able to obtain it, much less use it on a 
patient.” This leaves a lot of users in a precarious 
position. They had been duped into buying the 
system and had delivered the treatment to their 
clients, and many had even marketed the treatment 

INDUSTRY INSIDeR 

VOICe OF THe INDUSTRY

Mike Murphy asks who can we trust when it comes to business?
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A qUESTION OF 
as being ‘FDa cleared’. Consequently, there is 
a lot of concern among clinics at this time. You 
might assume that this could not happen here. You 
would be wrong! This is not a new phenomenon 
– for years companies have been claiming FDa 
clearance for one treatment but then selling that 
equipment for other treatments, which had not 
been cleared. Some have been stopped from 
selling, but only in the USa.

The FDa has no jurisdiction outside of the US – 
just because they stop a company selling in the US 
doesn’t mean they need to stop selling elsewhere. I 
remember a US company, Thermolase Corp, who 
were one of the first US companies to receive FDa 
clearance in 1995 for laser-based hair removal. 
after many complaints and a class-action lawsuit 
(in 1998) they were instructed to stop marketing 
their Nd:YaG laser for hair removal due to the 
company’s false claims of “permanent, painless 
hair removal”. They complied with this order in 
their home market otherwise they would have been 
breaking US law. but they continued selling the 
same equipment for the same application outside 
the US including Europe and asia. While this was 
not illegal it was completely unethical and they 
were obviously lying to their overseas customers. 

Fortunately, by 2000 they had effectively come 
out of the market. When we submitted our 
Q-switched ruby laser for tattoo removal back 
in 1991 we had to undergo 18 months clinical 
trails in the US with a well-known US laser 
dermatologist. backed with data from our own 
10-year clinical experience in Scotland we 
finally achieved FDa clearance to market. but 
then, we were a british company and we had no 
choice but to comply with american law! 

I recall having lunch with a well-known beauty 
equipment supplier some years ago. I was asked 
for my opinion on a new hair removal device, 
which he wanted to launch. It was immediately 
obvious to me that the device was completely 
inappropriate for the task (due to insufficient 

power). his reply was that the manufacturer was 
a massive blue chip company with impeccable 
credentials. While this was undoubtedly true the 
device was still the wrong choice for hair removal. 
Unfortunately my opinion was ignored and the 
device was launched shortly afterwards. It was 
recalled after a short time due to an increasing 
number of angry buyers. The company’s reputation 
was severely damaged as a consequence! I 
remember thinking, at the time, that he was clearly 
abusing the trust of his many loyal customers.

Conclusion – be aware when buying your next 
piece of equipment. ask yourself if you truly trust the 
salesman, the supplier, the manufacturer and your 
judgement. I always recommend potential buyers to 
ask other users for their opinions on the equipment, 
the results and the supplier/manufacturer. other users 
are your allies – they will, invariably, be more honest 
than any salesman!

     For years companies have been claiming 
FDA clearance for one treatment but 
then selling that equipment for other 
treatments, which had not been cleared
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So why is this the case? Surely modern technology can 
do the job properly? Well, I believe it can. But the laser/
IPL users need to understand what they are trying to do 
and why. As do the manufacturers, which explains why 
sometimes their training is not so good!

The light-tissue interaction is relatively straightforward. 
If enough light is subjected to the right tissue for a long 
enough period of time then the tissue proteins should 
break down irreversibly. I think of this like cooking an 
egg – if I want to boil it to perfection I need to have the 
water in the pan at boiling temperature before putting 
the egg into it. Once in it needs to cook for around four 
minutes (for my taste). I know if I take it out too early it 
will be undercooked and too gooey. If, however, I leave 
I for too long it becomes too hard!

Treating tissue is exactly the same – we need to ‘cook’ 
the proteins for the correct length of time at the 
correct temperature. There is an equation known as 
the Arrhenius Rate Equation which tells us how this 
process works. It’s a bit complicated but basically it 
can be used to figure out the relationship between time 
and temperature. In essence you can achieve the same 
results with tissue for a range of temperatures and 
times – high temperature and short times, or lower 
temperatures with longer times.

The ultimate goal with hair removal is the irreversible 
denaturation of the germ cell proteins. If this can be 
achieved then the follicle will die and cannot re-grow – 
hence permanent hair removal can be achieved. To do 
this in the user requires a good understanding of the 
above temperature/time relationship.
It also depends on the geometry and size of the hair 
follicle – however the size of the hair itself is not so 
critical, contrary to popular belief. In fact, smaller 

diameters hairs require higher incident fluences than 
thicker hairs! This is generally misunderstood in the 
industry, and certainly by many manufacturers going 
by their recommended parameters. This is one of the 
reasons why so many users do not achieve good results!

Many systems currently on the market do not generate 
enough fluence (energy density) or sufficiently long 
pulses to ensure permanent hair removal. Even 
stacking pulses on top of each other does not make 
much of a difference in outcome, except that this 
technique may increase potential dermal damage!
A good knowledge of these issues will help you to 
choose the correct system for your requirements and 
help to produce good, consistent results time after time.
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Mike Murphy gives his view on how to 
effectively treat hair using light energy

SEEING THE 
light 

Lasers and IPLs have been used to remove hair for a number of years with varying 
degrees of success. The early days promised ‘permanent’ hair removal but this appears 
to have been a pipe dream. In reality, the best many users can hope to achieve is ‘photo-
waxing’. This occurs when the light energy is absorbed by the hair leading to a little 
localised heating. The hair is sufficiently damaged to fall out but a new hair will take its 
place in due course – perhaps thinner, perhaps a bit weaker, but it is still there.

“The ultimate goal 
with hair removal 
is the irreversible 
denaturation of the 
germ cell proteins. If 
this can be achieved 
then the follicle 
will die and cannot 
re-grow – hence 
permanent hair 
removal can be 
achieved”

CLINICAL
vIew oN
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Cryolipolysis is a relatively new, non-invasive 
procedure with the first published1,2 research 
data appearing in 2008 in America. Since those 

original studies the technology and results have improved 
rapidly resulting in a number of commercial systems now 
available.The first reports into this procedure revealed a  
“grossly obvious loss of several mm of subcutaneous fat” 
with “no clinical or histological evidence of injury  
to skin, and no scarring.” Cryolipolysis is a relatively 
straightforward process based on the principle that 
human cells are susceptible to cold temperatures. 
In particular, it appears that human adipose tissue 
is preferentially damaged by exposure to very low 
temperatures, compared with skin cells. A subsequent 
inflammatory response, known as ‘cold panniculitis’, 
along with a marked increase in macrophages appears to 
be the main mechanism behind the removal of non-viable 
adipocytes resulting in a significant improvement in the 
body contour (fig. 1). The first devices used for this process 
simply consisted of a flat, circular copper plate which 
was gently pressed against the skin. While this method 
produced some results they were not consistent, nor 
particularly good. An improved device allowed a section 

of skin to be sucked into a ‘cup’, using vacuum pressure, 
which allowed for two cold plates to be applied on either 
side of the skin/fat section (obviously, only those parts 
of the body where the skin laxity allows such a procedure 
such as the stomach, thighs and back). In addition, the 
pressure was sufficient to minimise cutaneous blood flow 
in that section of skin thereby reducing the heating effect 
of the blood during the procedure.

Typical treatment temperature settings are typically in 
the range -4 to -7°C applied for up to 60 min in order to 
achieve thermal equilibrium in the treated tissue volume. 
After an initial mild discomfort felt by the patient the 
process is well tolerated by virtually everyone – indeed, 
patients have been known to read a magazine or make 
phone calls during the treatment! Over the period of the 
treatment session the skin and fat layers lose heat to the 
cold plates – hence their temperatures drop. Studies 
indicate that, after a suitable period of time, the tissue 
temperature between the plates can become nearly as cold 
as the plate temperature. However, this does not result 
in any significant damage to the dermis or epidermis in 
humans3. Observations suggest that the freezing point 
of cytoplasmic lipids in adipocytes is higher than that of 

water. Hence the freezing process will result in ‘lipid 
ice’ before the formation of water ice. Histological 
studies1 reveal the presence of lipid crystals within the 
adipocytes after the above procedure. To achieve this 
there must be sufficient heat extracted from the lipid 
such that the latent heat of freezing is induced resulting 
in crystallisation. This, therefore, requires a suitable 
low temperature being applied for a suitable time (the 
opposite of thermally raising cell temperatures to achieve 
protein denaturation, as in the removal of hair and blood 
vessels). Hence, a level of selectivity is achieved since 

The big 
freeze 
Mike Murphy asks if cryolipolysis 
is the future of body contouring? 

Precisely controlled 
cooling is applied 
through the skin 
targeting the  
fat layer.

Figure 1:

When the fat cells  
are exposed to  
precise cold, they  
begin to crystalize, 
deteriorate and die.

For several months after 
treatment the fat cells 
continue to deteriorate, 
and are naturally 
eliminated from the body.

The removal of fat cells 
from the targeted area 
results in a natural 
looking reduction  
of the fat layer.
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The thickness of the subcutaneous layer may be reduced by an average of 20% 
after 2–3 months, and even more after 6 months. Further reduction may be 
achieved with additional treatments.

BEFORE AFTER

Figure 2:
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there is a significant difference in the freezing 
temperatures of lipids and water! Consequently 
this process is known as ‘selective cryolipolysis’ 
(similar to ‘selective photothermolysis’ for the 
opposite process). Ultrasonic investigations 
reveal a direct correlation between the level of 
the cooling intensity and the measured reduction 
in fat layer thickness. However, there may also 
be an additional effect due to reperfusion. It is 
known that fatty tissue is susceptible to injury 
by reperfusion4,5, which will occur at the end of 
this procedure when the cutaneous blood flow is 
re-established. It may be that the combination of 
lipid freezing and reperfusion damage is required 
to successfully destroy the affected adipocytes. 
This is still under investigation.

Further cell damage appears to occur as 
a result of the inflammatory response post-
treatment. This process may also damage those 
cells which were not adversely affected in the 
freezing process thereby increasing the total 
volume of affected adipocytes. However, it was 
noted that the epidermis and the dermis did not 
suffer from any inflammation post-treatment 
and that the blood vessels remained undamaged.

A study2 into the potential damaging effects 
of cryolipolysis on nerve tissue found minimal, 
transient problems in most patients with only 
mild numbness and erythema lasting for up 
to seven days post-treatment. However, these 
mainly affected the pain receptors for up to 
two weeks with no long term after-effects. The 
researchers also observed minimal effects in 
other tests including temperature sensitivity, 
light touch stimulation, two-point discrimination 
and a pin-prick stimulation. All of these effects 
were resolved within two months following 
the treatment. However, they also measured 
an average of 20% fat reduction in the treated 
areas at two months post-treatment and 25.5% 
reduction at six months, thereby verifying the 
original study results

Most healthy people may present for this 
treatment but it is not recommended for obese 
patients - it is not a weight loss procedure. 
Rather, it is useful for fat contouring of those 
hard-to-lose parts of the body such as ‘love-
handles’, thighs, the back and buttocks. A patient 
may undergo a number of treatments in a single 
session on different body areas. Results can be 
expected to be visible within four to six weeks in 
most cases. Multiple treatments can be applied 
to patients after a suitable period, typically three 
to six months.

As with most 
treatments there are 
some contraindications 
including pregnancy, 
circulation disorders, 
diabetes, skin infections, 
dermatitis, cold 
urticaria, systemic 
treatment with 
isotretinoin (e.g. 
Accutane, Roaccutane), 
cancer chemotherapy, 
radiation therapy, steroid treatment, recent 
use of NSAID (Non Steroid Anti Inflammatory 
Drugs) medication (since both these drugs 
will increase the risk of getting severe 
bruises), Raynaud’s disease or other peripheral 
vascular diseases. (Note: this  
list is not exhaustive). Typical fees have been 
quotes at between £500 and up to £1500 per 
session depending on the area(s) treated. 
Patients may require up to three hours in a single 
session if more than one treatment site is tackled. 
Follow-up assessment sessions are required at 
three and six months post-treatment. In some 
cases further treatment sessions on the same 
area can be carried out three months after the 
previous treatment. 

A comparison between  
non-invasive technologies

Cryolipolysis – Although this is a relatively 
new procedure there are a small number 
of backed by peer-reviewed clinical studies 
available1,2,3. These reports clearly indicate a 
demonstrable loss of fat in the treated areas 
using both visual inspection and histological 
evidence. 

Radio-Frequency – This process uses 
heat generated by low level currents to raise the 
temperature of tissues. However, there is no 
selectivity between the different cells hence all 
cells respond similarly to the heating. Various 
clinical studies report a range of results but 
they all recommend a dieting/exercise regime 
concurrent with the treatment. An advantage of 
RF is its ability to tighten the skin by targeting 
collagen. 

Ultrasound – This technique has been 
around for a few years and utilises high-intensity, 
ultrasonic sound waves in an attempt to ‘alter’ 
the adipocyte membrane resulting in a release 
of the triglycerides contained within. These are 
then used as energy or excreted by the body. As 

a result the adipocytes shrink in size although 
they usually remain viable. As with cryolipolysis 
this technique delivers useful energy through 
the overlying skin into the fatty layer. However, 
unlike cryolipolysis or RF procedures this 
technique relies upon a mechanical breakdown 
of the adipocytes rather than a temperature-
induced reaction.

Low Power Diode lasers – using a large 
number (typically >30) of low level diode lasers 
outputting around 5 mW each this procedure 
claims to induce fat loss via a photochemical 
process. However, I cannot find any valid, 
peer-review clinical studies which support these 
claims in the literature6. 

In summary
Cryolipolysis body contouring is ideal for 

removing limited amounts of body fat particularly 
in the stomach area, flanks, thighs and back; 
however, this cannot be considered a weight-
loss treatment; multiple treatment may be 
required in some cases; the skin may be a little 
numb immediately after the treatment and the 
patient may lose some nerve sensation for a 
few days post-treatment; erythema is likely for 
a few hours post-treatment. The non-invasive 
body contouring procedures usually require 
little, if any recovery periods. In most cases the 
patients can return to normal, daily activities 
immediately after the treatment. My feeling is 
that cryolipolysis offers the best, non-invasive 
methods of body contouring, based on the 
available clinical evidence. The side-effects are 
minimal and not long-lasting while the benefits 
are obvious. Compared with other therapies 
cryolipolysis appears to be the ‘best’ option 
available, with only the invasive laser lipo 
procedure yielding better fat-loss results. If the 
photographic evidence is to be believed I can see 
this procedure becoming very popular in the UK 
in the very near future.
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R
ecently I have seen more and more 
hair removal systems claiming to be 
‘pain-free’, particularly the home-
based units. This always makes me 

wince! It clearly shows that the manufacturers/
suppliers do not understand how light energy 
destroys hair follicles.

The bottom line is – no pain, no gain! It’s as simple 
as that. If your patient does not feel something 
then nothing will happen. The reason for this is 
due to simple biology. The dermis contains pain-
temperature nerves which register temperatures up 
to around 45°C. Beyond that they send pain signals 
to the brain to indicate excessive temperatures.

The mechanism behind hair removal is the 
irreversible denaturation of the follicle germ 
cells. If hair germ cells are exposed to a 
temperature of 45°C they will need to maintain 
that temperature around for 288 seconds 
(just under 5 minutes) to ensure complete 
denaturation of the proteins within. Only then 
will the hair follicle die permanently.

The relationship is quite simple - successful 
tissue reactions occur when the temperature 
and time combination is right. In practice this 
means the longer the pulselength the lower 
the temperature required. For a 1ms pulse 
you need to achieve a temp of approx. 81°C, 
and for a 50ms you need approx. 69°C, to 
achieve irreversible protein denaturation. (These 
calculations assume a constant heating over the 
duration of the pulselength.) The temperature 
achieved within the tissues is dependent on the 
energy density and wavelengths used.

I often refer to the ‘zone of good results’ (see 
figure). This is the zone where the correct 
combination of temperature and time occur 
and, hence, good results should always occur. 
As an example, think about boiling eggs. We all 
know that to boil the perfect egg you need to 
cook it at a suitable temperature for a sufficient 
time. Cooking tissue is exactly the same – we 
want to achieve the permanent denaturation 
of the target’s proteins, without damaging the 
surrounding tissues.

However, the problem is that patients generally 
want a pain-free treatment. This can result in many 
patients not returning for subsequent treatments. 
The answer to this problem is proper skin cooling 
during the treatment. The best way to achieve 
this is by contact surface cooling using a sapphire 
tip. Sapphire is four times more conductive than 
quartz (which many IPL system use). 

Proper contact cooling will draw out heat from 
the dermis and epidermis much more efficiently 
than air cooling or cold gel alone. As long as the 
sapphire tip is sufficiently cold, I suggest around 
5°C, then the pain can be successfully mitigated 
while still achieving good results. Post-treatment 
cooling is also a good idea. It helps to sooth the 
patient’s skin and reduces erythema and oedema.

The bottom line is, if your patient does not feel 
something during treatment by laser/IPL then they 
will most likely not achieve the desired result. The 
existing hair may fall out but a new one will grow in, 
over time. The follicle will remain viable.

Sorry, but it really is a case of – no pain, no gain!

Mike Murphy gives his View On laser and 
light based ‘pain free’ hair removal
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The zone of good results
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Selective photothermolysis was introduced 
in 1981 by two American scientists, 
Anderson and Parrish, Boston following 
their study with a pulsed dye laser on 
blood vessels, particularly port wine 
stains. They theorised that by carefully 
selecting the most appropriate wavelength 
a clinician could selectively deliver laser 
energy into target blood vessels in such 
vessels. The light is absorbed by the 
target’s chromophores – in this case 
oxyhaemoglobin and deoxyhaemoglobin 

within the blood cells. The blood then 
heats up preferentially and induces 
damage to the vessel wall thereby 
destroying the target vessel. An important 
part of their theory was that the duration 
of the light pulse had to be less than the 
‘thermal relaxation time’ (TRT) of the blood 
vessel to minimise damage to surrounding 
tissues. The TRT essentially determines 
the cooling time of the targets and is 
dependent on the target’s physical size. As 
a consequence of this theory many laser 

systems were devised which adhered to 
these principle parameters – the optimum 
wavelength, energy and pulse duration. 
However, my colleague and I have recently 
discovered that this interpretation is 
incorrect. While the choice of wavelength 
is essentially determined by the absorption 
characteristics of the target chromophore 
the pulse duration of the light energy 
should not be tied to the TRT of the target, 
as originally proposed.

BEING SELECTIVE 

CLINICAL

Mike Murphy on selective photothermolysis in hair and blood vessels - 
a new interpretation of thermal relaxation times

The protein breakdown rate is governed 
by the Arrhenius Damage Integral which 
determines the amount of tissue damage 
for a given time and temperature. Once a 
threshold temperature has been exceeded 
the breakdown, or denaturation, process 
can begin. This process will continue for 
as long as the threshold temperature is 
exceeded or maintained. The total amount 
of tissue damage then dictates the clinical 
outcome – if sufficient damage occurs 
then that tissue dies and new tissues 
will grow in its place. The important 
point here is that the amount of protein 
denaturation is entirely dependent on 
the tissue temperature and the time 
that those temperatures are maintained. 
When 63.2% of the proteins have been 

irreversibly damaged the tissue dies. 
Hence if a blood vessel or a hair follicle 
is heated using light, or radio frequency, 
energy and the correct set of temperature 
and time is achieved then those targets 
will be irreversibly destroyed. In many 
clinical setting this does not occur because 
either the temperature is not maintained 
long enough or the temperature achieved 
is too low. In these situations an 
insufficient amount of the target tissue 
is denatured (less than 63.2%) and so 
the tissue has the capacity to regrow in 
its original state. This explains why poor 
results occur so frequently when treating 
hair or blood vessels (especially those 
with large diameters which require more 
damage).

The Science
When light energy is absorbed 
by tissue there are at least two 
processes occurring: 
1. light energy is converted into 
heat energy which raises the tissue 
temperature; 
2. the proteins within the tissue 
break down once the temperature 
exceeds a threshold.
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BEING SELECTIVE 
Mike Murphy on selective photothermolysis in hair and blood vessels - 
a new interpretation of thermal relaxation times

I usually explain this process as follows – everyone knows 
how to fry an egg (I assume)! We can all see the ‘white’ of 
the egg changing from a transparent appearance to a white 
appearance. What we are observing is the denaturation of the 
proteins in the egg white. It is clearly obvious! 

Likewise, we all know that if the cooking temperature is too low 
then the egg will take forever to cook. Similarly, if we have a 
high temperature but take the frying pan off the heat too early 
then some of the egg white will still be transparent – in other 
words, not all of the proteins will have denatured. As with tissue 
we need to achieve the correct set of temperatures and times to 
achieve the best results. So, when targeting skin tissues keep 
in mind the fried egg analogy – you must ‘cook’ the tissue at 
a sufficiently high temperature (energy) for a sufficiently long 
period of time (pulse duration) to ensure complete destruction 
of the target proteins. In fact, it turns out that the most 
important parameter in determining the final outcome is the 
power density (energy per unit area per unit time, measured 
in watts/cm2). The fact is that the TRT does not matter in 
the denaturation process - it is merely an indicator of how 
quickly the target cools – it has nothing to do with the protein 
denaturation process. You can see a more scientific description 
of this process in my new report1 in ‘Lasers in Medical Science’.

Conclusion
To achieve good clinical results with lasers or IPL systems it 
is important to understand the physical processes which are 
occurring in the tissues. The heating process is relatively simple 
to grasp and is quite obvious to most patients. However, the 
physical destruction of the tissue proteins is a more subtle 
process which is not so immediately obvious. I think this is why 
the TRT idea stuck around for so long. However, we should now 
realise that we must always consider the correct parameters 
when targeting tissues – energy, spot size, wavelength and 
pulse duration. By selecting the correct combination of these 
parameters, based on an understanding of the processes, we 
should always be able to achieve a good clinical outcome.

1 - ‘Thermal relaxation times: an outdated concept in photothermal treatments’,    
      Murphy M.J., Torstensson P.A., Lasers in Medical Science, October 2013.

All of the egg white’s proteins have been 
denatured. (Note that the yolks have not 

been denatured–they have different thermal 
properties compared with the albumen)

Undercooked – 
some proteins remain intact

By selecting the correct combination of these
parameters...we should always be able to achieve a 
good clinical outcome.


