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Abstract 
This paper is an attempt to investigate the effect of neodymium yag ( Nd:YAG) laser 

exposure during eye treatment (1064nm,  0.01w/cm2, spot size 450µm, duration time 9 n sec., 
30 pulses per sec  and time exposure, 0.25 (group A) and 0.1 sec (group B)). We intend to 
measure the dielectric properties of eye tissues and correlate them with structure. Values of 
the relative permittivity, dielectric loss and conductivity έ, ε'' & , are measured for various 
rabbit ocular tissues (cornea, lens and retina) at the frequency range 100Hz -100kHz before 
and after laser exposure. The aim of this work is to test the functional state of the eye tissues 
exposed to laser beam of the same intensity and duration as that used in lens posterior 
capsulotomy after cataract surgery, by the use of dielectric method. We tried to adapt the 
physical conditions surrounding the exposed eye during exposure. The obtained results 
showed that, for the whole eye, as well as for all eye tissues, both values of permittivity and 
conductivity showed remarkable decreases than normal values, immediately after laser 
exposure, for both group A & B and this reduction begins to diminish with days after 
exposure approaching normal values approximately after 8 days of exposure.  It is evident 
that, although laser interacts with all cell membrane structures responsible for transport 
phenomena leading to changes in the dielectric properties, this interaction depends on the 
tissue type, special function of membrane and magnitude of exposure power and time of 
exposure which must accurately considered during choosing the laser treatment conditions 
and the tissue to be treated. 

Introduction: 

Laser is widely used in all fields of scientific research, medicine, and industry.  It 
is used for a wide variety of surgical operations [1]. However, this is not without 
possible risks and disadvantages –as with any technology- there may be 
unanticipated side effects and complications. Laser exposure may affect the eye 
tissues by inducing biological effects, which mainly depend on the energy absorbed 
by the eye tissues. The absorbed energy is transmitted to eye tissues and completely 
transformed into heat [2-4], and the maximum reached temperature and the time 
during which the tissue submitted to laser lead to different biological effects [5-6]. 
Because of the high radiant power of many laser systems; a very short exposure time 
can cause damage [7].  Many factors must be taken into consideration during laser 
surgery of the eye; wavelength or spectral region of laser radiation, optical density at 
particular wavelengths, maximum irradiance (W/cm2) or power (W), and also the 
type of laser system and kind of disease [8-9].  
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Nd:YAG laser has been frequently used in treatment of eye diseases. It was 
developed not long after the discovery of the ruby laser in the 1960s. Its high gain, 
narrow line width, low threshold and physical properties make it a most versatile 
laser material for a variety of applications spatially in eye treatment [10, 7, 4]. 
Nd:YAG laser emits light in the near infrared spectrum at a wavelength of 1064nm. 
With this wavelength, Nd:YAG laser energy is less efficiently absorbed by water 
and more readily absorbed by other materials such as the hemoglobin in red blood 
cells. The energy penetrates further into the soft tissue (up to 4 mm) before being 
absorbed. Nd:YAG offers a wider application range, in large part because of its 
unique properties and because it is one of the few lasers that operates efficiently 
with either flash lamp or diode pump and in pulsed or continuous-wave (CW) mode 
[11]. Moreover, the delivery system can be a contact or a noncontact system, both of 
which can influence the tissue insult and the degree of postreatment inflammation. 

On applying Nd:YAG laser for eye treatment, it its necessary to consider the 
possibility and extent of complication [10]. The side effects that have been reported 
included damage to corneal endothelium, vitreous humor [12], the lens and the 
retina causing rupture of retinal vessels [13]. The effects may be manifested in 
biochemical and physiological phenomena in various enzymes, cells, tissues, organs 
and organisms. These effects may be due to changes in the transport of ions and 
various molecules across the cell membranes, changes in the characteristic 
biological activity and dielectric properties of various cells and tissues [14, 8].   

Dielectric properties of biological tissues depend mainly on the cellular tissue 
structure. They are used as a powerful tool for studying molecular and cellular 
parameters [15-17]. They are considered a good measure of the functional state of 
the membrane and cytoplasm of the cells (e.g., counter ion relaxation associated 
with intrinsic membrane changes, dipole reaction in cell membrane, conductivity 
transport in the extra-cellar medium and through the membrane and tissue water 
relaxation). Information about tissue structure and composition, e.g. water content or 
presence of a tumor, might be obtained by measuring the dielectric properties of the 
tissues. Grant and his colleagues measured the dielectric properties of several ocular 
tissues, over wide frequency range [18-20], and correlate these properties with tissue 
structure and function. These properties are obtained from the measurement of 
complex relative permittivity έ, ε'', and conductivity  . 

Accordingly, in an attempt to investigate the effect of Nd:YAG laser exposure 
during eye treatment, we intend to measure the dielectric properties of eye tissues 
and correlate them with structure. Values of the relative permittivity, dielectric loss 
and conductivity έ, ε'' & , are measured for various rabbit ocular tissues (cornea, 
lens and retina) at the frequency range 100Hz -100KHz before and after laser 
exposure. The aim of this work is to test the functional state of the eye tissues 
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exposed to laser beam of the same intensity and duration as that used in retinal 
photocoagulation, by the use of dielectric method. We tried to adapt the physical 
conditions surrounding the exposed eye during exposure. 

Materials and methods: 
Animals 

The experiments were performed on total twenty rabbits, weighing 1.5 - 2 Kg 
.The rabbits were divided into 4-groups, one unexposed control group and 3 other 
groups for laser exposure, all housed in separated cages with free access to water 
and food under 12/12h light and dark cycle. The rabbits were anesthetized by an 
intramuscular injection (0.l mL/ Kg body weight) of cocktail made up of ketamine 
hydrochloride, acepromazine male ate and xylazine. The rabbits were then exposed 
to Nd-YAG and either immediately scarified, or left for 4 or 8 days in order to study 
the expected repair mechanisms (recovery periods).  

Laser treatments 

Laser irradiation was carried out at nano-technology laboratory, Faculty of 
engineering in Shobra, Banha University,  with pulsed Nd-YAG laser (Model L A 
B-150 S/N, made in U.S.A)  (1064nm,  with intensity 0.01 w/cm2., spot size 450µm, 
duration time 9 n sec., 30 pulses per sec  and time exposure 0.25 and 0.1 sec.).  

Each rabbit eye, in each group; right and left eye was exposed, in vivo, to laser 
with time exposure 0.25sec & 0.1sec (group (A) and (B) respectively). 

Dielectric measurements 

After rabbit decapitation, the eyes were enucleated, moistened with Ringer's 
solution and placed in the dielectric cell which consists of two parallel silver disc 
electrodes, 0.5cm diameter coated by a non-polarizable silver chloride layer. 
Measurement of the dielectric parameters of whole eye and ocular tissues (lens-
cornea-retina), over the frequency range (100Hz – 100 KHz) at room temperature, 
were performed using (BM6304) programmable automatic RLC Bridge. The data of 
impedance Z, from the bridge, was first corrected for the series impedance measured 
according to Schwan method, [21]. Using the cell constant, calculated from the 
dimensions of the sample cell and from the previously measured value of stray 
capacitance C in the cell, the sample dielectric properties can be calculated using the 
equations:                           

                (1)                                (2) 

            (3)                               `          (4) 
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             (5)          (6) 

Where d is the distance between the two recording electrodes, A: area of tip 
electrode = , at r = 0.5cm, σ: conductivity, ε': dielectric permittivity, ε'': 
dielectric loss, τ: the relaxation time, f: applied frequency, h = 2α, where α is the 
angle between Z' and radius of Cole-Cole semicircle. All these parameters were 
calculated for each sample; control, immediate and after 4days & 8days of laser 
exposure. 

Results and Discussion 

The obtained results indicated significant variations in the dielectric parameters 
of the whole eye and the separated ocular tissues before, immediately, and after 4 & 
8 days of laser exposure for 0.25 & 0.1 sec exposure times (group A & B 
respectively), at the same conditions similar to that used in eye treatment.  

Frequency dependence of relative permittivity and conductivity for whole 
isolated rabbit eyes and separated cornea, lens and retina are shown in fig 1&2 while 
fig 3 shows the Cole - Cole diagrams for these tissues.   

The obtained results showed that, for the whole eye, as well as for all eye tissues, 
both values of permittivity and conductivity showed remarkable decreases than 
normal values, immediately after laser exposure, for both group A & B and this 
reduction begins to diminish with time (not linearly relation because the change not 
constant with time where the change was rapidly after exposure and this change 
decreased after days)after exposure approaching normal values approximately after 
8 days of exposure. 

In these results, the operating wavelength 1064 nm of Nd-YAG laser transmitted 
through the ocular tissues with low effect at the cornea. This view is in accord with 
Crompton [22], who reported that the corneal tissues transmit wavelength between 
400 and 1400 nm.  

The reduction in permittivity of the whole eye and separated ocular tissues, 
immediately after laser exposure, may be due to rupture in cell membrane and 
consequently in ion permeability due to thermal effects of laser. After 8 days of 
exposure, the permittivity of whole eye and ocular tissues are nearly approached 
control value. This behavior may be due to the polarization of ions in water contents 
of tissues and re-polarization of ions beside the cell membrane due to the return to 
regular permeability of ions through the cell membrane. 
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Fig. 1: Frequency dependence of relative permittivity for whole isolated rabbit eyes and 

separated cornea, lens and retina. 
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Group(A): exposure time 0.25sec Group(B): exposure time 0. 1sec  
 

  

.      

  

 
 

  
 Fig 2: Frequency dependence of conductivity for whole isolated rabbit eyes and 

separated cornea, lens and retina 
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Group(A)time 0.25sec Group(A)time 0.1sec 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Cole – Cole Plots for whole isolated rabbit eyes and separated cornea, lens and 

retina 
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On the other hand, the obtained reduction in eye conductivity after exposure 
times 0.1 & 0.25 sec may be due to the thermal effect of Nd-YAG laser on the eye 
which contains different layers affected by the laser. The conductivity changes for 
different eye tissues may be due to that each component of eye behaving as a 
spectral filter absorbing specific wavelengths within the incident spectrum [23, 16]. 
Also the low value of retinal conductivity may be due to that the incident Laser 
radiation was focused on the retina due  to the eye adaptation to enable incident 
radiation between 400 and 1400 nm to penetrate deeply and be focused on the light-
sensitive neural retina layer.  

The Cole- Cole semicircles (fig. 3) demonstrating the relation between Z' & Z'' 
for control, immediate, 4 and 8 days after laser exposure of isolated rabbit eyes, and 
separated ocular tissues, in the frequency range 100Hz – 100KHz. They show 
significant variations. The angle which is defined by Cole – Cole, and Z' which 
represented the bulk resistance of samples were found to be increased in case of 
immediate and 4& 8 days after laser exposure. The increase in values of Z'& Z'', 
after exposure to Nd-YAG laser, may be attributed to cell swelling due to the 
pronounced increase in the protein content which is accompanied with an increase in 
the collagen fibers  [24-26]. Moreover, Schier and Dubourdien [27] attributed 
these swellings to the high Ca++ flux into cells, the role which played by calcium in 
the hydrolytic breakdown of cell membrane phospholipids. The recorded variations 
perhaps may be also due to the variation in bulk resistance Z' of eye tissues after 
exposure, or/and to the decrease in membrane permeability to K+ (or increase in 
permeability to Na+) and the influence of the Na+ pump mechanism. These 
assumptions agree with Albert et al. 198317, Sallam 2004, and Peyman et al., 
2010,    [28,26,16]. 

Moreover, on calculating the relaxation time (τ) for the isolated whole eye and 
ocular tissues, using the above mentioned equation 6, before, immediately and after 
4 & 8 days of stopping exposure, we find great variations in τ which were clearly 
more pronounced at 0.25sec exposure time (fig. 4).  This behavior was observed in 
all eye tissues after laser exposure, while approaching normal values after 8 days of 
exposure. 

The variations in the relaxation time τ, together with the above mentioned 
dielectric properties may generally be due to the polarization of ions and water 
content of cell membrane and its permeability. Also, it could be due to the 
vasodilatation of the retinal blood vessels which is accompanied by an increase in 
capillary permeability. The repairing processes may be occurred due to some 
intracellular substances that are realized and gradually diffused out of the cells and 
this would explain the latent period of several days [29, 16]. 
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Fig.(4): Relaxation time (τ ) of whole eye and ocular tissues for control, immediate, 4 & 8 
recovery days in case of  0.1 & 0.25 sec exposure time. 

 

In this respect and depending upon the values of , for the whole eye and ocular 
tissue, at all the above mentioned cases, we could calculate the molar free energy of 
activation   for each value of  using the relation: 

              (7)  

Where  is the molar free energy of activation, and the other symbols are as their 
well known meanings. Table (1) represented the calculated values of activation 
energy of eye tissues. It's clear that the energy values are high in control and show 
noticeable decreases after exposure for all eye tissues; specially the activation 
energy of retina. These results may be due to that most of the incident radiation 
energy is absorbed by the retina. 
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(joule)   at exposure time 0.1sec   joule) at exposure time 0.25 sec(  
 

Retina 
   

Lens 
   

Cornea 
   

Eye 
   

Retina 
   

Lens  
  

Cornea 
   

Eye 
   

Tissues  
 

51.15  
±1.049 

47.16 
±0.56  

46.8 
±0.94 

49.6 
±0.97 

51.15 
±1.08 

47.16 
±0.85  

46.8 
±0.95 

49.6 
±0.984 

control 

43.9 
±1.079 

46.13 
±0.69 

44.9 
±0.58 

45.3 
±1.07 

41.46 
±1.03 

45.45 
±0.98 

43.9 
±0.93 

45.1 
±0.822 

Imm    

44.5 
±1.05 

46.5 
±0.27  

45.6 
±0.62 

45.1 
±0.57 

42 
±0.65 

45.8 
±0.58 

44.5 
±1.079 

44.9 
±.1.04 

4D       

45.1 
±0.98 

47 
±0.91 

46.5 
±0.91 

47.8 
±0.99  

44.18 
±0.55 

46.6 
±1.05 

45.4 
±1.05 

46.7 
±0.98 

8D      

Table (1): The mean energy values for all eye tissues for control, immediate, 4 & 8 
recovery days (4D &8D)  in case of 0.1 & 0.25 sec exposure time. 

  From the above results, it is evident that, although laser interacts with all cell 
membrane structures responsible for transport phenomena leading to changes in the 
dielectric properties, this interaction depends on the tissue type, special function of 
membrane and magnitude of exposure power and time of exposure which must 
accurately considered during choosing the laser treatment conditions for the tissue to 
be treated. 
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