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ABSTRACT 

A multi-spectral dermatoscope was used to investigate the effect of laser hair removal. Ten volunteers underwent three 
laser treatments, 6 weeks apart. In a subsequent trial, three volunteers received one laser treatment after which the skin 
region was imaged at short intervals. Practical solutions were developed to re-locate the investigated skin area. After 
exact matching using rigid and elastic registration software, the images showed acute and delayed effects on the hairs, 
pigment and vasculature after laser hair removal and subsequent healing response. The multi-spectral dermatoscope 
provides a perfect tool to study the efficacy and side effects of laser hair removal procedures and can be used to 
optimize the treatment plan.  
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1. INTRODUCTION 

For aesthetic or cosmetic reasons hairs may be removed permanently using electrolysis, medication or laser treatment. It 
is claimed that the treatment is selective and that only the hair follicle is destroyed. However, it can be expected that 
other structures containing absorbers like the epidermal melanin pigments, vasculature and collagen surrounding the 
hairs are affected. Current evaluation methods are: 1) Visual inspect and characterize the treated skin by counting the 
number of hairs, changes in pigmentation or vasculature in a region of interest. The advantage is its simplicity but the 
results are subjective and hard to check by others. 2) Macro color photography to capture the changes in the skin over 
time. This method is also simple to implement and after some instruction everyone can use it, but color macro 
photography has the great disadvantage that it is hard to reproduce because of its variability on white balance, sensitivity 
and illumination conditions. 3) Color photography through a dermatoscope to see the changes in the skin in more detail. 
Advantages are the reproducibility in illumination and capturing conditions, the drawbacks are the difficulty in 
repositioning the dermatoscope on exactly the same region of interest and the variation in color sensitivity of different 
color camera systems. 4) Histology on tissue samples from biopsies, with the advantage of having a clear view on the 
cellular changes after treatment, but with the obvious disadvantage of its invasiveness and its inability to track the 
changes within a single hair. 

In this paper a new approach is presented where a multi-spectral dermatoscope is used to reproducibly reimage 
the same skin area of interest over time with a positional accuracy of 10 microns. In this way the reaction of each 
individual hair, melanin granule or blood vessel can be accurately tracked in the days after treatment as if one looks at 
the skin while progressing through time. 

To illustrate this approach, we followed the changes in hairs, melanin and vasculature after laser hair removal. 

Selective photothermolysis 
For an effective photothermolysis of hairs, the chromophore eumelanine is the target of laser hair removal. Eumelanine 
is localised in the bulbus, but also in the epidermis. Although a laser system in the near infrared is most appropriate to 
heat melanin in hairs, there will also be absorption in epidermal melanin[1]. 
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The bulbus exists of matrix cells and melanocytes which are the target of photothermolysis. In the centre of the 
bulbus resides the dermal papil which is feeded by the bloodstream. The production of melanin takes places during the 
anagen phase where melanin becomes part of the growing hair. In theory the hair follicle can therefore only be 
destroyed in the anagen phase. During the katagen and telogen phases the hair moves superiorly (Fig. 1) and looses 
contact with the bulbus and dermal papil. During the laser treatment, the bulbus and dermal papil will not be affected 
and the hair may regrow[3]. 
 

 
Fig. 1 Phases in hair grow: Anagen (A), katagen (B),and  telogen (C) [3]. 

 
Three parameters are important in achieving selective photothermolysis: 

1. The wavelength of the laser light in nanometers. 
2. The pulse width in milliseconds 
3. The energy or fluence in joules per squared cm. 

 
When the optimal parameters are set, the target tissue can be selectively destructed with minimal damage to surrounding 
tissue. The light energy will be absorbed by melanin in the hair and in the bulbus and conducted to the hair follicle. 
“Under these circumstances it is possible to selectively destruct the target tissue, while saving the surrounding tissue[3]”. 
However, it has never been demonstrated that this is true in reality as it is difficult to track an individual hair.  
 
Often images are taken before and after laser removal, but these images are always hard to compare. When taking 
images it is hard to keep the lighting conditions or the white balance of the camera the same. Also it is unknown what 
happens exactly with an individual hair, vasculature and pigments after laser treatment and how the skin reacts over 
time. To investigate these changes we treated a skin region of 1cm2 with a diode laser and tracked the changes with a 
multi-spectral dermatoscope. 
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2. MATERIAL AND METHODS 

Laser treatment 
The skin was treated with a Luminis LightSheer™ Diode Laser System with a wavelength of 800 nm. The laser has an 
actively cooled sapphire tip in the handpiece to cool the epidermis to 5ºC before, during and after the treatment. The 
chilled tip has been designed to prevent superficial damage to the skin while reaching higher light fluencies. 

Multi-spectral dermatoscope     
To obtain an accurate, reproducible and detailed image of the hairs before and after treatment, a multi-spectral imaging 
system is used as described earlier[4] (Fig. 2). In short: the treated area is illuminated by a ring-shaped fibre bundle with 
polarized light mounted on the camera head of the multi-spectral dermatoscope. The light source is a high power LED 
(Luxeon 5W White). A Liquid Crystal Tunable Filter (LCTF) (CRI, Cambridge Research International) positioned 
between lens and camera enables the user to capture a spectral filtered image at any given wavelength between 400 and 
720 nm. The filtered images of each wavelength are imaged and captured by a CCD camera. For each measurement, a 
set of 106 images is obtained within a spectral range of 400 to 720 nm with a step size of 3 nm. 

 

 

Realignment 
As the patient may move during the 20 seconds of acquisition, the spectral images may shift with respect to each other. 
Also, when multi-spectral images are taken at subsequent dates, it is difficult to position the camera at exactly the same 
location. Hairs would normally be perfect landmarks but as the aim to remove these hairs, other landmarks must be 
sought. The first approach was to find landmarks in the neighborhood of the skin region and draw these on a transparent 
sheet. Then a hole was made for the MS camera with a 12-hour marking for accurate reorienting the camera head. 
However, in practice, it appeared that volunteers with a healthy young skin did not have many landmarks in the close 
vicinity, especially in the bikini line. Only with a larger transparent A4 sheet, landmarks more than 15 cm away could 
be included on the sheet.  

In a second step, the real-time image from the MS camera was compared to an image captured six weeks before, 
and the position of the camera was adjusted to improve the realignment. In practice, however, the image could not 
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Fig. 2 Schematic overview of the multispectral dermatoscope system. 
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always be recognized back. Reasons could be that either all skin structures were changed due to the treatment or that the 
repositioning of the camera was more difficult than expected. To overcome this problem in a second study, the skin 
region of interest was marked with a permanent marker pen. This worked much better in repositioning the camera, but 
still has the disadvantage that ink is smeared over the skin over time, especially when the skin gets wet. In practice, the 
ink had to be re-applied after approximately 3 days.  

Match software 
We developed software was to correct the motion within spectral images and to realign images taken at different 
times[4]. In this software, the user can realign two images, a reference image and a floating image. By manually moving 
the floating image over the reference image a good starting point can be given to the subsequent automatic matching 
procedure. In this automatic procedure the program tries to adapt the parameters of an affine transformation matrix to 
minimize the sum of squared differences of the gradients of the two images. As the program heavily uses display 
graphics, this step takes 5-10 seconds. In a second automatic step, the floating image is split into patches with control 
points on the edges. The positions of these control points are adapted such that the sum of squared differences is 
minimal. This step takes 30 seconds on the average. At every point, the user can interact with the program to correct 
errors or by giving another starting situation for the match program. An evaluation version of the software can be 
downloaded at http://www.umcutrecht.nl/MTKF/Innovatie/Downloads/. 

Analysis 
To compress the multi-spectral images to a viewable result, three slices, one from the red part of the spectrum, one of 
the green part of the spectrum and one of the blue part of the spectrum are combined into a color picture. To reduce 
noise, spectral filtering was used with a [1 2 1] box filter followed by a spatial median filter. The pictures were stretched 
in the red, green and blue channel to give an optimal contrast. The final pictures were cropped to present the hairs of 
interest.   

3. RESULTS 

In the first research phase, ten volunteers were treated three times, with 6 weeks between the treatments. Multi-spectral 
images were made directly before treatment and directly after treatment, at two different locations. Treated areas were 
bikini area (6 p.), lower back (2 p.), stomach (1 p.) and beard (1 p.). The two skin locations were marked by a hole on a 
transparent A4-sized sheet on which landmarks were drawn of apparent bloodvessels and moles. In this first phase, the 
multi-spectral images before and after treatment could easily be recognized back and matched, but difficulties arose 
when recognizing back the skin locations after 6 weeks. Although the position of the multi-spectral camera on the skin 
was photographed, only in 20% of the cases the same skin area could be found again. The mains reasons were that 
major landmarks, like hairs and superficial vasculature, had disappeared or changed and other landmarks were difficult 
to point out (due to the relative young age of the volunteers or the unexposed character of the bikini line). A striking 
finding was the circular pigment reaction immediately after laser treatment which could not be found afterwards (Fig. 
3). 
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Fig. 3 Temporary pigment reaction directly after laser hair removal at 435 nm. The red line between the pictures 

denotes the moment of laser treatment. 

 
In a second research phase, three volunteers were treated with the laser only one time and the reaction of the skin 

was followed in the three weeks after that. In the beginning a multi-spectral image was captured every day, later more 
days were between the captures.  The skin types and laser settings were summarized in Table 1. The captured regions 
were on the lower back, the chest and below the chin (Fig. 4). To increase the chance of relocating the same skin spot, 
the experiments were done on two skin locations. To make sure that the camera was oriented in the same way, a special 
12-o’clock mark was drawn with a black marker pen.  
 
      Table 1 Description of volunteers and laser settings. 

Volunteer Sex Age Skintype 
(Fitzpatrick) 

Pulsewidth 
[ms] 

Fluence 
[J/cm2] 

1 
2 
3 

M 
M 
M 

40 
47 
24 

II/III 
II 
III 

30 
30 
30 

34 
22 
23 

 
A sample image of the 9x11 mm2 is show in Fig. 5. It shows the skin with more contrast than with the naked eye as the 
color bands are stretched in intensity with outlier rejection. It nicely shows the hairs, the vasculature around the hairs 
and the pigments. To make the changes in the skin clearer after laser hair removal, we zoom in on the yellow rectangle 
of the image. 

The time series of volunteer 1 is shown in Fig. 6 where we see that it is difficult to reposition the camera on the 
same position despite the pen markings. Luckily, these motion errors could be corrected successfully by the match 
software (Fig. 7). The red bar shows the moment of laser treatment. As an immediate effect we see that the hair has 
exploded and created a little crater in the epidermis. The vasculature and pigments in the epidermis appeared to remain 
intact. 

 

   
Fig. 4 Imaged areas, from left to right: Lower back, beard, and chest. 
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Fig. 5 Entire multi-spectral image over a skin region of 9x11 mm2 of lower back area. The yellow rectangle suggests 

the area of the close-ups of the following figures. 

 

 

 

 
 

Fig. 6 Images before motion correction, small color shifts during acquisition due to involuntary motion and hair 
position difficult to track. The red line denotes the moment of laser treatment. 
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Fig. 7 Same as figure with motion correction, effect of laser hair removal on hair, vasculature and melanin is much 

clearer.  

The time series of the beard area of volunteer 2 is shown in Fig. 8. As the beard was shaved every day, hair growth 
could not be followed clearly. We see that despite shaving, most hairs remain clearly visible during the 18 days after 
treatment, reaching about 0.1 – 0.2 mm out of the epidermis. It is remarkably that both the orientation of the hairs and 
the cut of the razor blade on the hair remain constant over time. Almost all hairs in this region persisted over time and 
seemed not to be affected by the laser treatment. We discuss four hairs (1-4) which seem to react to the laser treatment. 
All hairs had disappeared at 17 days after treatment, but only hair 3 clearly showed a change directly after laser 
treatment. Whether the disappearance is due to laser treatment of regular hair grow phases, remains subject to further 
research.  
 
 

 

 
Fig. 8 Growth of beard hairs after laser hair removal. Note the different growth phases. 
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The effects of laser treatment were the most visible on the chest area of volunteer 3 (Fig. 9 and Fig. 10). Directly after 
treatment, a 1 mm2 crater was created by the exploding hair in the epidermis. The wound shrunk the next days and clear 
stress lines become visible on July 3rd and July 4th. On July 7th the crest disappeared revealing a deeper layer in the 
epidermis with a changed micro-vasculature. This vasculature became hidden in the next days under new epithelial 
cells. 

 A second phenomenon is the pressure built up when hairs were treated successfully, but remained enclosed by 
the coagulated epidermis. After 10 to 14 days the hairs become visible after a few skin peelings. The pressure has then 
built up so much that the hair is ejected as a spring (it often shows a jagged appearance) and disappears in a couple of 
days. In the days after that, often no hairs were found back at that skin location, or very thin white juvenile ones. 

 
 

 
Fig. 9 Healing response of a wound caused by exploding hair. Note the shrinking effect and the new microvasculature 

after the scab has disappeared.  

 

 
Fig. 10 Response after laser hair removal. Note the hair being expelled at 11 July probably being withheld due to a 

coagulated surface. 
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4. DISCUSSION AND CONCLUSIONS 

In this paper the reaction of the skin due to laser hair removal was tracked with a multi-spectral dermatoscope. Despite 
the small sizes of the skin area of interest it could be re-imaged and matched accurately during the three weeks after 
treatment using black pen markings and advanced matching software. Without artificial land marks, it proved to be hard 
or almost impossible to re-locate the area of interest as hair patterns and pigment spots were hard to find back after six 
weeks as they changed or were absent as in the bikini line. Beard, back and chest areas offer better chances in re-
locating the area of interest as they contain more natural landmarks. As ink from permanent black pen markers is easily 
washed out in 2 to 3 days already, more permanent landmarks should be sought for, like for example henna tattoos.  

From the first results of the skin reaction to laser hair removal, it seems that only a small percentage of hairs is 
removed in one session. This corresponds to what is known in literature, that several treatment passes are needed for a 
gross reduction in the number of hairs. We also confirmed that hairs that were hit and ejected after a week did 
sometimes re-grow as thinner, lighter hairs, reducing the visibility of the hairs. In addition, the vasculature did not seem 
to be affected by the laser treatment. 

Striking results were the findings of small craters where the hair had exploded in the epidermis and the 
consecutive healing effect of the skin resulting in recreating the micro-vasculature in the epidermis. Apparently the 
cooling of the sapphire tip is not always sufficient to prevent this or the laser settings were too high. Another striking 
result was the energy built up before a hair was ejected because the epidermis was probably closed due to coagulation 
by the laser. The hairs clearly appeared to be jaggier and were ejected in only a few days. 

At this moment, we only looked at the resulting color reconstructions from the multi-spectral images. In a further 
research, one could explore the spectral information hidden in the multi-spectral images to calculate the changes in the 
amount of present melanin and hemoglobin pigments due to laser treatment. 
 
In this paper we demonstrate that by using the right techniques of black pen markings and advanced matching software, 
it is well possible to track the microscopic changes in the skin after skin treatment. This opens the way to make 
reproducible multi-spectral in-vivo movies of changes in skin during treatment or progression of disease. Natural and 
induced skin developments can be studied in a much more objective manner than with conventional photography. Skin 
treatments can be evaluated in a much more reproducible way, thereby defining a new standard to optimize skin 
treatments. 
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