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Abstract. In the wrinkle model, the coefficients of laser power f represented by laser energy E, wrinkle 

thickness X and laser intensity I were entered into the weighting factor equation represented by the relative 

change in the mass after a certain time M° (t+∆t), as well as to the equation for the age of the skin and its 

relationship to the thickness of wrinkles The results showed that when both the laser energy and the time of 

exposure to it are increased on the skin to be treated to reduce the size of wrinkles on the face, i.e. (face-

lift), we notice a decrease in the thickness of wrinkles, i.e. wrinkle lines, and therefore the age of the skin 

appears smaller when that time and that energy on the skin increases. Thus, it leads to an increase in 

collagen contraction to maintain a more beautiful skin with less wrinkles. 
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1. Introduction: 

The different layers of the skin are usually exposed to the sun's UV rays, which is 

the most likely factor in skin aging and damage. Skin aging is a natural process that 

occurs with age. However, it can be accelerated by factors such as sunlight, stress, and 

chemicals, and is influenced by many genetic and environmental factors that can show 

wrinkles, abnormal pigmentation, skin weakness, and increased telangiectasia (1). 

Ultraviolet rays cause photoaging and gravity. These aging processes are accompanied 

by an apparent exchange in skin cells as well as structural and functional changes in 

extracellular matrix components such as collagen, elastin and proteoglycans, which are 

essential for providing tensile strength, elasticity and skin hydration respectively. 

Softness and fragility of the skin with reduced collagen synthesis and enzymatic 

degradation (2). The number of melanocytes and Langerhans cells decreases every 

decade after age (3). compared to younger skin and especially after menopause, 

collagen synthesis is reduced by 30% (4). However, epidermal heterogeneity and 

thickness increase in melanocytes and various keratinocytes, and changes in skin aging 

occur in the dermis and between the epidermis and dermis. (5,6). 

In 2003, David J. Goldberg: Prove the effect of laser on facial rejuvenation using 

various types of laser systems such as: CO2 lasers, Er:YAG lasers, electrosurgery 

systems (radiofrequency ablation system), Non-Ablative Lasers (1064 nm Q-switched) 

Nd: YAG). The ablative skin laser, such as carbon dioxide, caused skin injury, 

provided the skin with an important thermal effect, and presented the results of 46 

patients suffering from (polar wrinkles). Twenty patients with forehead wrinkles and 
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light wrinkles around the mouth. The conclusions from this theory is that the combined 

CO2/Er:YAG laser has been identified as a high risk of hyperpigmentation (7). 

In 2004  John Hatzis: Studied a simple method for measuring the size and function of 

wrinkles in comfortable conditions. These parameters are designated as “muscles” 

Determining and decreasing the level of relaxation is associated with an increase in 

muscle strength or contraction and vice versa. Wrinkle function is revealed by 

studying the morphological changes and behavior of wrinkles during relaxation states, 

with a slight increase in muscle tension and under maximum wrinkle. The ability of 

the skin to recover is related to the unwanted cosmetic effects of aging and 

wrinkles(8).  

In 2005 Seema N. Doshi: Review and discuss a 1,440-nm long-pulse diode laser 

(LPDL) technique for non-ablation of the skin. This was in the (mid-infrared) of the 

(electromagnetic spectrum), collagen regeneration was stimulated as the target of 

heating skin tissue with a laser that treated facial wrinkles, acne, and harmful scars for 

24 patients. This laser was considered the right choice for these patients through (laser 

ablation) systems (9). 

In 2008  Macrene R. Alexiades Armenakas: A comparison of lasers (ablative and 

non-ablative), by presenting a study on the spectrum of laser skin resurfacing: non-

ablative laser skin resurfacing. CO2 and Er:YAG lasers were introduced as a partial 

ablation technique. Non-abrasive resurfacing has been done to reduce risk and shorten 

recovery time. Non-ablative peeling resulted in thermal damage to the dermis and 

improvement of wrinkles when the skin was protected. Thermal partial peeling was 

excised with a microscope in the form of columns of tissue (epidermal and dermal) in 

arrays scattered orderly over parts on the surface of the skin (10). 

In 2009 Q.M. Luong: designed a mathematical model consisting of three stages: 

Monte Carlo simulation, MATLAB data processing and COMSOL model as a direct, 

economical and flexible aid to enable immersion. Variation of temperature distribution 

on different settings of laser sources. The knowledge of skin flattening was provided to 

understand the application of the current mathematical model as concepts for skin 

optics to know the optical parameters of skin needed to be applied in model 

simulation(11).  

In 2014 Nadia M. Thalmann, et, al.,: presented a computational model to study the 

mechanical properties of skin with age. In particular, attention is paid to the ability of 

the skin to fold, which may manifest itself in the form of wrinkles. Provides a visual 
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simulation The results show the shape and density of folds under different conditions. 

This can help in considering appropriate measures for a cosmetic skin product (12). 

In 2019 M. Pensalfini, et al.,: They studied the active and passive mechanical 

behavior of a cosmetic skin tightening product. Anti-aging is investigated based on a 

wide range of measurements in vivo and in vitro. Experimental data are used to enrich 

a numerical model of the obtained cosmetics, which is then implemented in a 

commercial finite element framework and used to analyze the mechanisms regulating 

the biomechanical interaction between native tissue and film stretching. This film 

reduces wrinkles and enhances skin texture by increasing its firmness by 47-107% and 

reducing recoverable distortions (-46%). The deformation substrate affects both the 

extent of tensile strength and the reduction in wrinkle amplitude (13). 

In this study, the Er: YAG laser was used to remove wrinkles and calculate the 

physical parameters affecting it .(41)  

2. Theoretical Part 

2-1: The Basic Principles of Wrinkles: 

Wrinkles are defined as folds, sagging, or lines that appear on the skin, and their 

appearance is a natural thing that occurs with age, and wrinkles can appear on the 

body temporarily when staying for a long time in the water. It is worth noting that the 

first wrinkles that can be noticed on the skin are those that appear as a result of 

different facial expressions (15). The dermis not only becomes thinner, but collagen 

fibers decrease, and elastin fibers are armed, which gives the skin its elasticity, and all 

these changes combined cause wrinkles. The sebaceous glands also become larger, but 

their secretions are reduced, and the number of sweat glands decreases, which deepens 

the dryness of the skin. As for the mesh-shaped edges in the connective area between 

the epidermis and the dermis, it becomes flat, which makes the skin fragile and easy to 

shear (tear) as shown in Figure (1). This also reduces the access of nutrients to the skin 

due to the reduction of the friction surface between it and the dermis, and this also 

hinders Autologous reconstruction of the skin. As for the layer under the skin, it 

becomes smaller with age, which increases the wrinkle and hollowness of the skin. If 

the fat cells cannot fill the gaps caused by damage in the layers of the skin(16). 
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Figure (1) represents the tightening lines of the facial skin and facial muscles (16). 

2-2: Theoretical Analysis 

The deformable surface such as the skin can be described with an elastic model in an 

ideal condition as in Figure (2). One of the equations governing the motion of a 

deformable surface is based on the variable principle of mechanics in the Lacgrangian 

form as follows (17): 

 
Figure (2) represents the skin model in the ideal state (17) 

𝝁
𝝏𝟐�⃗� 

𝝏𝒕𝟐
+ 𝜸

𝝏�⃗� 

𝝏𝒕
+

𝜹𝜺(�⃗� )

𝜹�⃗� 
= �⃗� ……………………………………………………… .… . . (𝟏) 

where t is time, �⃗� (u1,u2,t)  is the surface position, �⃗� (u1,u2,t) is the external applied 

force, μ  is the surface mass density and 𝛾 is the surface damping density. 𝜺(�⃗� )is the 

total elastic energy, a scalar valued functional, and its variational derivative 
𝜹𝜺(�⃗� )

𝜹�⃗� 
 

represents the elastic force at each point on the surface. As shown in Figure (3). 
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Fig 3. Muscle Action Velocity 

The equation can be derived and written in the following form: 

𝛛𝜺(�⃗� ) = ∫
Ω
∑ [ŋ𝒊𝒋(𝑮𝒊𝒋 + 𝑮𝒊𝒋

° )
𝟐
+ 𝝃𝒊𝒋(𝑩𝒊𝒋 + 𝑩𝒊𝒋

° )
𝟐
+ 𝝋𝒊𝒋𝑬𝒊𝒋

𝟐 ] 𝒅𝒖𝒊𝒅𝒖𝒋
𝟐
𝒊,𝒋=𝟏 ……… . . . (𝟐)  

Where 𝑮𝒊𝒋, 𝑮𝒊𝒋
°  2   ×2  symmetric current metric tensor and rest metric tensor 

respectively, 𝑩𝒊𝒋𝒂𝒏𝒅 𝑩𝒊𝒋
°   are the current curvature and the rest curvature, 𝑬𝒊𝒋 is the 

function to measure the change of metric tensor. ŋ𝑖𝑗 , 𝜉𝑖𝑗   and 𝜑𝑖𝑗 are weighting 

functions. ŋ𝑖𝑗 controls the shrinking or growing deformation of the surface, 𝜉𝑖𝑗 

controls the flattening or curving deformation of the surface and 𝜑𝑖𝑗 controls the speed 

of deformation of the surface. 

𝝏𝜺(𝒓)⃗⃗  ⃗

𝝏�⃗� 
= ∑ −

𝝏

𝝏𝒖𝒊
([ŋ𝒊𝒋(𝑮𝒊𝒋 − 𝑮𝒊𝒋

° ) + 𝝋𝒊𝒋. 𝑬𝒊𝒋]
𝝏�⃗� 

𝝏𝒖𝒋
) +

𝝏𝟐

𝝏𝒖𝒊𝝏𝒖𝒋
((𝝃𝒊𝒋(𝑩𝒊𝒋 −𝟐

𝒊,𝒋=𝟏

𝑩𝒊𝒋
° )

𝝏𝟐�⃗� 

𝝏𝒖𝒊𝝏𝒖𝒋
))……… .………………………………………………………………… . . … (𝟑)  

This equation can be written in the form: 

-𝑮𝒊𝒋
° (𝒕 + ∆𝒕) = 𝑲𝒆𝒍𝒂. 𝑮𝒊𝒋

° + 𝑲𝒗𝒊𝒔(𝑮𝒊𝒋(𝒕) − 𝑮𝒊𝒋
° (𝒕))∆𝒕 + 𝑲𝒑𝒍𝒂. 𝑮𝒊𝒋(𝒕)………… . .… . . (𝟒) 

𝑩𝒊𝒋
° (𝒕 + ∆𝒕) = 𝑲𝒆𝒍𝒂. 𝑩𝒊𝒋

° + 𝑲𝒗𝒊𝒔(𝑩𝒊𝒋(𝒕) − 𝑩𝒊𝒋
° (𝒕))∆𝒕 + 𝑲𝒑𝒍𝒂. 𝑩𝒊𝒋(𝒕). . . ……… .… . . . (𝟓) 

Where kelastic و kvisco و kplastic are weighting factors for elasticity, viscosity and plasticity, 

∆𝒕 is the time interval. The weighting factors are small and positive (no more than 1.0) 

in order to guarantee convergence .  

Suppose a geometric shape measure M , M(t) is the current shape measure at time t, 

M0(t) is the rest shape measure at time t (Rest shape is the restored shape when  

internal deformation force is zero if  external forces are released at moment (t). 

Suppose e(t) is the strain of a measure which is set as e(t) = M(t) - M0(t). For an ideal 

elastic model, the strain stress relation is to be: f = k . e(t)  and there is no change for 

the rest shape and therefore satisfies M0(t) = M0(0). For an ideal visco unit, rate of 
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increase in strain of the spring is proportional to applied force: 𝑓 =  𝑘.
𝑑𝑒 

𝑑𝑡
. It stores no 

deformation energy and has no resilience. Viscoelasticity is a generalization of 

elasticity and viscosity. The instantaneous restoring force is a function of the entire 

history of the deformation. A simple case of visco-elastic model is the Maxwell model 

which is used also by Terzopoulos  to simulate inelasticity. Applying the Maxwell 

model to measure M, the rest measure can be obtained from equation   :(41 ) 

𝒅𝑴°(𝒕)

𝒅𝒕
= 𝑲. 𝒆(𝒕)…………………………………………………………………… .… . (𝟔) 

In the skin model, flaser the external laser power, E the laser power and X the thickness 

of the biological tissue (wrinkle thickness), its formulation can be written as: 

𝒇𝒍𝒂𝒔𝒆𝒓 =
𝑬

𝑿
………………………………………… . . … .……… .………… . . . ……… . . (𝟕) 

𝑴°(𝒕) =  
𝑬

𝑿
𝒕 + 𝑴°(𝟎)………………………………… . .……… .………… .…… . . … (𝟖) 

Here we simply relate the modulus of elasticity, viscosity and modulus of plasticity to 

the weighting factors to form a general formula for calculating comfort shape 

measures. The discrete time representation of this formula represented by the relative 

change in the mass shape after a certain time can be as follows: 

𝑴°(𝒕 + ∆𝒕) = 𝑲𝒆𝒍𝒂.𝑴
°(𝒕) + 𝑲𝒗𝒊𝒔. (𝑴(𝒕) − 𝑴°(𝒕)). ∆𝒕 + 𝑲𝒑𝒍𝒂.𝑴(𝒕)… .…… . . … (𝟗) 

We get: 

𝑴°(𝒕 + ∆𝒕) = 𝑲𝒆𝒍𝒂 (
𝑬.𝒕

𝒙
+ 𝑴°(𝟎)) + 𝑲𝒗𝒊𝒔.

∆𝒕

 𝑴(𝒕) − 𝑴𝟎(𝒕)
+ 𝑲𝒑𝒍𝒂. (

𝟏

 𝑴(𝒕) − 𝑴𝟎(𝒕)
−

𝑬

𝑿
. 𝒕 +

𝑴°(𝟎))………………………………………………………………………………… . (𝟏𝟎)  

From equation (10), we get  Kela  ,Kpla و Kvis 

𝑲𝒆𝒍𝒂 =
𝑴°(𝒕+∆𝒕).𝑿.(𝑴(𝒕) − 𝑴𝟎(𝒕))−𝑲𝒗𝒊𝒔𝑿.∆𝒕−𝑲𝒑𝒍𝒂[𝑿+𝑬.𝒕.(𝑴(𝒕) − 𝑴𝟎(𝒕))+𝑴°(𝟎).𝑿.𝑴(𝒕) − 𝑴𝟎(𝒕)]

[𝑬.𝒕+𝑴°(𝟎).𝑿]
 

……………………………………………………………………………………..(10a) 

𝑲𝒑𝒍𝒂 =
𝑴°(𝒕+∆𝒕).𝑿.(𝑴(𝒕)− 𝑴𝟎(𝒕))−𝑲𝒗𝒊𝒔𝑿.∆𝒕−𝑲𝒆𝒍𝒂[𝑬.𝒕+𝑴°(𝟎).𝑿]

[𝑿+𝑬.𝒕.(𝑴(𝒕)− 𝑴𝟎(𝒕))+𝑴°(𝟎).𝑿.𝑴(𝒕)− 𝑴𝟎(𝒕)]
 ……………….………… (10b) 

𝑲𝒗𝒊𝒔 =
𝑴°(𝒕+∆𝒕).𝑿.(𝑴(𝒕) − 𝑴𝟎(𝒕))−𝑲𝒆𝒍𝒂[𝑬.𝒕+𝑴°(𝟎).𝑿]−𝑲𝒑𝒍𝒂[𝑿+𝑬.𝒕.(𝑴(𝒕) − 𝑴𝟎(𝒕))+𝑴°(𝟎).𝑿.𝑴(𝒕) − 𝑴𝟎(𝒕)]

𝑿.∆𝒕
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…………………………………………………………………………….……..(10c) 

From equation (10), we get 𝑬 =

𝑴°(𝒕+∆𝒕).𝑿.(𝑴(𝒕) − 𝑴𝟎(𝒕))−𝑲𝒗𝒊𝒔𝑿.∆𝒕−𝑲𝒑𝒍𝒂[𝑿+𝑴°(𝟎).𝑿.(𝑴(𝒕)− 𝑴𝟎(𝒕))]−𝑲𝒆𝒍𝒂.𝑴
°(𝟎).𝑿

𝑲𝒆𝒍𝒂.𝒕+𝑲𝒑𝒍𝒂𝒕.(𝑴(𝒕) − 𝑴𝟎(𝒕))
…… . . (𝟏𝟏)  

The intensity of the incident rays (𝑰°) can be calculated by the following equation: 

𝑰° =
𝟏

𝑨.𝒕𝒑
[
𝑴°(𝒕+∆𝒕).𝑿.(𝑴(𝒕) − 𝑴𝟎(𝒕))−𝑲𝒗𝒊𝒔𝑿.∆𝒕−𝑲𝒑𝒍𝒂[𝑿+𝑴°(𝟎).𝑿.(𝑴(𝒕)− 𝑴𝟎(𝒕))]−𝑲𝒆𝒍𝒂.𝑴°(𝟎).𝑿

𝑲𝒆𝒍𝒂.𝒕+𝑲𝒑𝒍𝒂𝒕.(𝑴(𝒕) − 𝑴𝟎(𝒕))
]……(𝟏𝟐)  

So E is the laser power, A is the area of the laser spot, tp is the duration of the laser 

pulse. 

The intensity of the absorbed rays (𝐈) can be calculated by the following equation: 

𝐈 =
𝒆−𝜶𝑿𝑿

𝑨.𝒕𝒑
[
𝑴°(𝒕+∆𝒕)(𝑴(𝒕)−𝑴𝟎(𝒕))−𝑲𝒗𝒊𝒔∆𝒕−𝑲𝒑𝒍𝒂[𝟏+𝑴°(𝟎)(𝑴(𝒕)− 𝑴𝟎(𝒕))]−𝑲𝒆𝒍𝒂𝑴

°(𝟎)

𝑲𝒆𝒍𝒂.𝒕+𝑲𝒑𝒍𝒂𝒕.(𝑴(𝒕)− 𝑴𝟎(𝒕))
]……… . (𝟏𝟑)  

Where α represents the absorption coefficient of the biological tissue. 

From equation (10) we extract t, which represents the duration of exposure to the 

laser: 

𝒕 =
[𝑴°(𝒕+∆𝒕).(𝑴(𝒕) − 𝑴𝟎(𝒕))−𝑲𝒗𝒊𝒔.∆𝒕−𝑲𝒑𝒍𝒂[𝑴

°(𝟎).(𝑴(𝒕)− 𝑴𝟎(𝒕))]−𝑲𝒆𝒍𝒂.𝑴°(𝟎)].𝑿

[𝑲𝒆𝒍𝒂+𝑲𝒑𝒍𝒂.(𝑴(𝒕) − 𝑴𝟎(𝒕))].𝑬
…………… . (𝟏𝟒)  

From equation (10), we extract the wrinkle thickness equation: 

𝑿 =
[𝑲𝒆𝒍𝒂.𝒕+𝑲𝒑𝒍𝒂𝒕.(𝑴(𝒕) − 𝑴𝟎(𝒕))].𝑬

𝑴°(𝒕+∆𝒕).(𝑴(𝒕) − 𝑴𝟎(𝒕))−𝑲𝒗𝒊𝒔.∆𝒕−𝑲𝒑𝒍𝒂[𝑴
°(𝟎).(𝑴(𝒕)− 𝑴𝟎(𝒕))]−𝑲𝒆𝒍𝒂.𝑴°(𝟎)

…………… .… (𝟏𝟓)  

Since the thickness of wrinkles is given by equation (18). 

𝑿 = 𝟐. 𝟕𝟒 ∗ 𝑨𝒈𝒆…………………………………………………… . .……… .…… . . (𝟏𝟔) 

𝑨𝒈𝒆 is the age of the skin 

𝑨𝒈𝒆 =
𝟏

𝟐.𝟕𝟒
[

[𝑲𝒆𝒍𝒂.𝒕+𝑲𝒑𝒍𝒂𝒕.(𝑴(𝒕) − 𝑴𝟎(𝒕))].𝑬

𝑴°(𝒕+∆𝒕).(𝑴(𝒕) − 𝑴𝟎(𝒕))−𝑲𝒗𝒊𝒔.∆𝒕−𝑲𝒑𝒍𝒂[𝑴
°(𝟎).(𝑴(𝒕)− 𝑴𝟎(𝒕))]−𝑲𝒆𝒍𝒂.𝑴°(𝟎)

]…… . . (𝟏𝟕)  
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3. Experimental Part  

3-1:  Er:YAG Laser setup: 

 The Erbium laser is another type of solid state laser. This laser is either in the 

form of crystal or glass. The crystal is yttrium aluminum garnet (Y3Al5O12) and the 

glass is either phosphate or silicate. Er-glass was invented by E. Snitzer and R. 

Woodcock at the Optics Corporation of America in 1961 while Er-YAG was invented 

by Soviet scientists in 1975(19). The host crystal doped by erbium ions instead of 

neodymium ions. Thus, invisible light from the Er-YAG laser can be emitted in the 

middle infrared range of the electromagnetic spectrum. The active medium can emit a 

laser beam with a wavelength of either 1540 nm in the phosphate glass case or 

2940nm in the crystal case (Y3Al5O12) show in fig (3). Because of that, there are many 

applications for the Er-YAG laser. For the wavelength of 2940nm, the main 

application is for medical applications while the wavelength of 1540nm is suitable for 

optical communications, military applications and positions(20). Er-YAG Laser is a 4-

level laser. In both types of  Er -YAG lasers, water is the absorbing power of the laser 

beam. The operating modes can be either continuous wave (CW) or pulse(21). The 

pumping source for the Er-YAG laser can be a flash lamp or a semiconductor laser 

(InGaAs). In general, the characteristics of Er-YAG can be summarized as 

follows(22,23): 

Excellent visual quality, high efficiency, low dispersion, long wavelength, wide 

pumping range (600-800) nm, reducing collagen shrinkage, less thermal damage to the 

target area, high threshold for laser operation, ablative laser and small penetration 

depth. 

 
Fig (3) Er-YAG Laser and Power Device 
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3-2: Experimental Data : 

 

The 

duration of 

the pulse 

The time period 

between one 

session to the 

next (every 

month one 

session) 

The 

number 

of 

sessions 

until 

recovery 

 

 

One 

session 

time 

The 

power 

of the 

laser 

used 

 

 

Laser 

operating 

mode 

 

 

 

age 

 

 

 

Gender 

 

 

 

 

S 

 

0.5 1 month 3 7 min 5 pulse 43 female 1 

0.5 1 month 4 41 min 5 pulse 45 female 2 

0.5 1 month 2 12 min 4 pulse 53 female 3 

0.5 1 month 8 6 min 5 pulse 38 female 4 

0.5 1 month 2 9 min 4 pulse 47 female 5 

0.5 1 month 3 8 min 4 pulse 46 female 6 

0.5 1 month 2 1 min 5 pulse 21 female 7 

0.5 1 month 2 9min  4 pulse 59 female 8 

4. Results and discussion:- 

Through the table (1) and figure (1) shown below, we notice that there is a relationship 

between the laser energy used to treat facial wrinkles, which is estimated in joules in 

each of the age, which represents the age of wrinkles on the face, Age, wrinkle depth 

x, and the amount of change in the mass after the passage of time. A given time 

𝑀0(𝑡 + ∆𝑡). 

Table (1) represents the relationship 

between E with Age, 𝑴𝟎(𝒕 + ∆𝒕), and X 

E (J) x (mm) 𝑴𝟎(𝒕 + ∆𝒕) Age (sec) 

0.65 0.14 -9.05 5.11E-05 

0.75 0.12 -14.08 4.38E-05 

0.85 0.1 -21.73 3.65E-05 

0.95 0.08 -33.95 2.92E-05 

1 0.06 -55.33 2.19E-05 

 
Figure (1) shows the relationship between E 

with Age, 𝑴𝟎(𝒕 + ∆𝒕), and X 

The figure shows the effect of the behavior of the depth of wrinkles with the laser 

energy, showing the linear decrease in the depth of wrinkles with the increase in the 
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laser energy used until it reaches the amount (0) at the amount of energy (1) joules. 

This indicates that the laser energy leads to the disappearance of superficial lines of 

wrinkles on the surface of the skin. As for the behavior of decreasing age linearly with 

the energy used to treat the face, this indicates that the laser energy used for treatment, 

the greater the value, the less the depth and age of the wrinkles on the face, meaning 

that the increase in the laser energy enhances the disappearance of those wrinkles and 

their approach to the natural shape of the skin. It is also noted from the behavior of the 

age of wrinkles with laser energy that the age of wrinkles does not decrease to zero 

when the laser energy is (1), but rather decreases to the amount 0.022, which indicates 

the presence of small traces remaining in the depths of the skin due to the effect of 

those deep wrinkles. 

While figure (2) and table (2) show the effect of the laser energy used for treatment 

with the three skin parameters (𝒌𝒆𝒍𝒂𝒔𝒕𝒊𝒄, 𝒌𝒗𝒊𝒔𝒄𝒐, and 𝒌𝒑𝒍𝒂𝒔𝒕𝒊𝒄). 

Table (2) represents the relationship of 

laser energy E with 𝒌𝒆𝒍𝒂𝒔𝒕𝒊𝒄, 𝒌𝒗𝒊𝒔𝒄𝒐, and 

𝒌𝒑𝒍𝒂𝒔𝒕𝒊𝒄 

E (J) 𝒌𝒆𝒍𝒂 (Pa) 𝒌𝒑𝒍𝒂(Pa) 𝒌𝒗𝒊𝒔 (Pa) 

0.65 8.45E-06 4.89E-06 1.50E+02 

0.75 6.11E-06 4.84E-06 8.42E+01 

0.85 5.19E-06 4.81E-06 7.33E+01 

0.95 5.09E-06 4.81E-06 8.42E+01 

1 4.07E-06 4.76E-06 8.74E+01 

 
Figer (2) represents the relationship of laser 

energy E with 𝒌𝒆𝒍𝒂𝒔𝒕𝒊𝒄, 𝒌𝒗𝒊𝒔𝒄𝒐, and 𝒌𝒑𝒍𝒂𝒔𝒕𝒊𝒄 

Through figure (2), we notice that the values of laser energies used for treatment do 

not affect at all on the values of the plasticity coefficient of the skin 𝑘𝑝𝑙𝑎𝑠𝑡𝑖𝑐, and this 

can be explained by the fact that the skin that reaches the plasticity limit, which is the 

limit of a certain depth and age of wrinkles, does not affect the laser energy used for 

treatment, as it does not occur Basically absorbing the laser energy for the skin with 

wrinkles has reached the limit of plasticity and this is explained by the stable results of 

𝑘𝑝𝑙𝑎𝑠𝑡𝑖𝑐with all the laser energy values in the figure. 

Likewise from the figure, as we notice that at low results of the laser energy, we notice 

a decrease in both the elastic modulus 𝑘𝑒𝑙𝑎𝑠𝑡𝑖𝑐 and the viscosity coefficient 𝑘𝑣𝑖𝑠𝑐𝑜to a 

certain amount, then after that, at a certain value of the laser energy, both 𝑘𝑒𝑙𝑎𝑠𝑡𝑖𝑐and 

𝑘𝑣𝑖𝑠𝑐𝑜begin to rise slightly until it reaches a certain limit and then this is proven The 
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behavior of 𝑘𝑒𝑙𝑎𝑠𝑡𝑖𝑐 and 𝑘𝑣𝑖𝑠𝑐𝑜. We can say that it is almost constant, meaning that the 

behavior at the beginning of the low results of the energy used is fluctuating values, 

then the relative stability begins for each of the two parameters. The disappearance of 

wrinkles on the face and the correction of those expressions formed over time. As for 

the amount of small fluctuation in it during the low results of the laser energy, this is 

due to the large absorption of the skin in relation to the laser energy falling on it, while 

the relative stability is due to the lack of effect on the properties of the skin by the 

laser energy used. 

While table (3) and figure (3) show the effect of the exposure time of the laser-treated 

skin on each of the age, which represents the age of wrinkles on the face, the depth of 

wrinkles x and the relative change in the mass after a certain time 𝑀0(𝑡 + ∆𝑡) The 

intensity of the laser absorbed by the laser-treated skin I. 

Table (3) represents the relationship 

between t and each of x and 𝑴𝟎(𝒕 + ∆𝒕), 

Age and I 

t 

(min) 

x 

(mm) 
𝑴𝟎(𝒕 + ∆𝒕) Age 

(sec) 

I 

(Watt/m2) 

7 0.14 -9.05 5.11

E-05 

3.59E-10 

8 0.12 -14.08 4.38

E-05 

8.45E-08 

9 0.1 -21.73 3.65

E-05 

2.60E-05 

10 0.08 -33.95 2.92

E-05 

8.84E-03 

11 0.06 -55.33 2.19

E-05 

3.17E+00 
 

Figer (3) represents the relationship 

between t and each of x and 𝑴𝟎(𝒕 + ∆𝒕), 

Age and I 

Through figure (3), we note that at the exposure time (11 min), we notice that the 

depth of wrinkles reached the lowest possible limit, which is (0.06 mm). That is, the 

depth of wrinkles decreases linearly with the increase in the time of exposure to the 

laser, and this can be explained by the fact that the increase in the time of laser 

exposure increases the amount of skin absorption of that energy used for treatment, 

which enhances the production of collagen in the skin layer and corrects those grooves 

resulting from wrinkles. 

As for the relative change in the mass of wrinkles 𝑀0(𝑡 + ∆𝑡),  after a certain time of 

exposure to the laser, we notice a linear decrease with the increase in the time of 

exposure to the laser, as the value of 𝑀0(𝑡 + ∆𝑡) is (-0.55) at the exposure time (11 

min) This indicates the possibility of the skin returning to its normal state by 

increasing collagen stimulation and returning the skin’s shape to its normal position or 
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approaching the normal position before the appearance of wrinkles, as it 𝑀0(𝑡 + ∆𝑡)   

the amount of (-0.55), which indicates the return of the skin to its normal position . 

As well as from Figure (4-3), the age of wrinkles decreases linearly with the time of 

exposure to the laser, as the age of wrinkles reaches (0.023 sce) at the time of exposure 

(11 min), and this also explains the return of the skin to its previous state before the 

appearance of wrinkles. As for the behavior of the laser intensity absorbed by the skin 

with the laser exposure time, its value is very low for the time period of laser exposure 

from (0-10 min). At the time (10 min) from the exposure time, we notice a steady 

increase in the absorbed intensity, a linear and rapid increase, and its amount is (3) 

according to the drawing. This behavior can be explained by the fact that at low laser 

exposure times, there is no clear response or absorption to the laser energy by the 

wrinkled skin until the exposure time (10 min) is reached. The elasticity of the 

exposure time is this as we can see in the following figure. 

Figure (4) and table (4) show the relationship of the effect of exposure time to the laser 

used for treatment with the three skin parameters (𝒌𝒆𝒍𝒂𝒔𝒕𝒊𝒄 𝒌𝒗𝒊𝒔𝒄𝒐 and 𝒌𝒑𝒍𝒂𝒔𝒕𝒊𝒄). 

 

Table (4) represents the relationship of 

laser exposure time t to each of 𝒌𝒆𝒍𝒂𝒔𝒕𝒊𝒄 

𝒌𝒗𝒊𝒔𝒄𝒐 and 𝒌𝒑𝒍𝒂𝒔𝒕𝒊𝒄 

t (min) 𝒌𝒆𝒍𝒂 (Pa) 𝒌𝒑𝒍𝒂 (Pa) 𝒌𝒗𝒊𝒔 (Pa) 

7 8.45E-06 4.89E-06 1.50E+02 

8 6.11E-06 4.84E-06 8.42E+01 

9 5.19E-06 4.81E-06 7.33E+01 

10 5.09E-06 4.81E-06 8.42E+01 

11 4.07E-06 4.76E-06 8.74E+01 
 

Figer (4) represents the relationship of laser 

exposure time t to each of 𝒌𝒆𝒍𝒂𝒔𝒕𝒊𝒄 𝒌𝒗𝒊𝒔𝒄𝒐 and 

𝒌𝒑𝒍𝒂𝒔𝒕𝒊𝒄 

From the figure, we notice the change of skin parameters (the elastic modulus 𝑘𝑒𝑙𝑎𝑠𝑡𝑖𝑐, 

the viscosity coefficient 𝑘𝑣𝑖𝑠𝑐𝑜 and the plasticity coefficient 𝑘𝑝𝑙𝑎𝑠𝑡𝑖𝑐) with the change 

in the laser exposure time, as it shows a slow decrease in the elasticity coefficient and 

the viscosity coefficient at the few exposure times until we reach a certain limit of 

exposure time, which is valued (10 min). The coefficient of elasticity and viscosity, 

which enhances the increase in energy absorption and improves the performance of the 

skin in the production of collagen at high exposure times. As for the plasticity constant 

𝑘𝑝𝑙𝑎𝑠𝑡𝑖𝑐, it is not affected at all by the change in the laser exposure time, and this is as 
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we explained in figure (2) that the plasticity coefficient is not affected by the laser 

energy used for treatment. 

Figure (5) and table (5) show the relationship of the change in the time period of the 

laser-treated skin ∆t in each of the age, which represents the age of wrinkles on the 

face, the depth of wrinkles x, and the intensity of the laser absorbed by the laser-

treated skin I. 

Table (5) represents the relationship 

between ∆t and each of X, Age and I 

Δt 

(sec) 

x 

(mm) 

Age 

(sec) 

I 

(Watt/m2) 

0.1 0.14 5.11E-05 3.59E-10 

0.2 0.12 4.38E-05 8.45E-08 

0.3 0.1 3.65E-05 2.60E-05 

0.4 0.08 2.92E-05 8.84E-03 

0.5 0.06 2.19E-05 3.17E+00  
Figer (5) represents the relationship 

between ∆t and each of X, Age and I 

From the figure, we notice with an increase in the time period ∆t, we notice a linear 

decrease in the age of wrinkles and its value is (0.02 sec) at the time period (0.5 sec), 

and this also explains the behavior of improving the depth of wrinkles with an increase 

in the time period ∆t. Also, the effect of the change in the time period ∆t is evident in 

the intensity of the laser absorbed by the skin that suffers from wrinkles, and we note 

that the intensity of the absorbed laser is not affected at the time times (0-0.4 sec). And 

at (0.4 sec), we notice a steady increase in the intensity of the laser absorbed for the 

period of time from (0.4-0.5 sec), which we notice a clear response of the skin to the 

intensity of the absorbed laser and the improvement of collagen production in that 

time period. That specific period of time in which we notice the acceleration of 

collagen production and the improvement of skin properties. 

5. Conclusions 

We have developed new equations in terms of laser parameters based on the 

properties of the Erbium Yak laser to calculate the percentage of wrinkles by 

calculating the equations of the plasticity, viscosity and elasticity model of the elastic 

skin as a function of the laser power and intensity. Where the results when both the 
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laser energy and the time of exposure to it are increased on the skin to be treated to 

reduce the size of wrinkles on the face (face-lift), we notice a decrease in the thickness 

of the wrinkles, i.e. wrinkle lines. Increase collagen contraction to maintain more 

beautiful skin with less wrinkles. 
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