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This study was conducted to investigate the effect of pulsed High Intensity laser therapy (HILT) and 
moderate intensity exercise on the immune system. A 31 female volunteers were randomly assigned 
into three groups; HILT group, exercise group and combined HILT and exercise group. HILT was applied 
to both axillary region with total energy of 4000 J, two sessions per week, for 8 weeks and exercises with 
moderate intensity was performed two sessions per week for 8 weeks. Blood samples were taken before 
and after 8 weeks of intervention. Comparison of the pre and post treatment values of white blood cells 
(WBCs), Neutrophils and Lymphocytes for each group revealed a significant improvement in the three 
groups (p<0.0001) after 8 weeks of intervention but, there was no significant differences between 3 
groups in WBCS, Neutrophils and Lymphocytes level at the end of 8 weeks of intervention (p>0.05). In 
conclusion HILT and moderate intensity exercise producing positive effects on immune system in 
females..  
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INTRODUCTION 

The immune system is a collection of cells, 
tissues, and molecules that mediate resistance to 
infections. The host defenses are grouped under 
innate immunity which provides immediate 
protection and it’s always present in healthy 
individuals (Gleeson. 2006).  

Lymph nodes are one of the important sites in 
the body where immune responses to pathogenic 
antigens are initiated, they are located in the neck, 
supra-clavicular, axilla, cubital fossa, mesenteric, 
inguinal, femoral and popliteal area, it develops 
more slowly and provides more specialized 
defense against infections and it consists of T and 
B lymphocytes which mature and become 
competent to respond to antigens (Terra et al. 
2012) 

The response of immune function to physical 

exercise and laser was demonstrated by several 
studies (Gillum et al. 2011). Depending on the 
exercise intensity; moderate intensity exercises 
enhanced the immune function, whereas in other 
studies it showed that high-intensity exercises 
suppressed the immune function (Pedersen et al. 
1998). 

Treadmill used to improve the vascular 
function by increasing blood circulation and 
affects the total leukocyte and lymphocyte counts 
(Simpson et al. 2006). Whole-Body vibration is a 
machine which produces oscillatory forces that 
transfers energy from a vibration Platform to the 
whole body through the legs (Wysocki et al. 
2011), it was reported that the total body vibration 
induces changes in the immunological response 
(Gunasekaran. 2001). 

Laser therapy is defined as light amplification 

http://www.isisn.org/
https://www.researchgate.net/profile/Rania_Alhendi
mailto:aaebeed@uqu.edu.sa


Ebid et al.                             Immune Response to Pulsed High Intensity Nd:YAG Laser and Exercise 

 

    Bioscience Research, 2020 volume 17(1): 103-109                                                             104 

 

by stimulated emission of radiation. It is a non- 
invasive and pain-free modality of treatment 
(Dundar et al. 2015). The mechanism of action is 
based on stimulating the tissues which occur at 
the level of the cell, vascular structure, interstitial 
tissue, the nervous and immune system (Jahromi 
et al. 2017; Özdemir et al. 2001). 

Pulsed high intensity Nd:YAG laser therapy 
(HILT) is based on using laser therapy with a high 
amount of energy which ranges from a fraction of 
a watt to 25 W or more, it has the ability to 
penetrate and stimulate areas which are deep and 
larger in comparison to low-level laser therapy 
(LLLT). HILT causes hyperthermia of the tissues, 
unlike LLLT which does not cause a significant 
change in the temperature of the tissues (Jahromi 
et al. 2017; Gür et al. 2002). Studies 
demonstrated that LLLT has importance in 
activating immune blast cells in lymph nodes 
(Carati et al. 2003; OK et al. 1991). 

Laser therapy stimulates hematopoiesis in the 
bone marrow and the immune system by exerting 
antibacterial effects. Furthermore, it stimulates 
local microcirculation (Peplow et al. 2010), affects 
lymphocytes metabolism and stimulates lymphatic 
drainage. Also, it was found that HILT has little to 
no side effects in comparison to pharmacological 
therapies (Özdemir et al. 2001). 

Until now the efficiency of HILT on the 
immune system is not yet clarified. So, this study 
is based on a limited number of researches that 
investigate the effect of HILT on improving the 
function of the immune system and lymphatic 
nodes. The objective of this study is to investigate 
the effect of pulsed high intensity Nd:YAG laser 
and moderate exercise on immunity. 
  
MATERIALS AND METHODS 

 
Subjects were healthy normal adult female 

volunteers. They were randomly assigned into 
three groups (HILT group vs exercise group vs 
combined HILT and exercise group). HILT group 
consist of 10 subjects received HILT (total energy 
of 4000 J on the both axilla, two sessions per 
week, for 8 weeks. The exercise group consists of 
9 subjects who received exercise program which 
includes 10 minutes treadmill walking pulse 5 
minutes whole body vibration (WBV) from semi 
squat position. The combined group consist of 11 
subjects received both HILT plus exercise 
program. The inclusion criteria were: age between 
17 and 25 years old, body mass index ranged 
between 18.5 and 25. The exclusion criteria were 
as follows: smoking, pregnancy, blood donating, 

exercise training outside the study and laser hair 
removal during the study. All subjects were given 
a full explanation of the treatment protocol. 
Participation was voluntary and participants 
provided written consent to be involved in the 
study. 

HILT application 
Participants received pulsed Nd: YAG laser 

therapy produced by a (HIRO 3 machine, ASA 
Laser Company, Italy) with a pulse emission of 
1064 nm, very  

high peak power, (3 kW), fluency/energy 
density of 510–1780 mJ/cm, low frequency, (10–
40 Hz), brief duration (120–150 μs), duty cycle of 
about 0.1%, probe diameter of 0.5 cm, and spot 
size of 0.2 cm2., applied on the axilla while the 
subject in supine lying position.  

Pulsed HILT was delivered in 3 different 
phases: initial phase was performed with fast 
manual scanning transversely and longitudinally 
for total of 800 J, the intermediate phase was 
applied to 10 points and with each point receiving 
40 J for total of 400 J, the final phase was done in 
the same manner as the initial phase of total 
energy 800J but with slow scanning, and the 
probe should always be perpendicular on the skin. 
Subjects received 16 sessions of intervention over 
8 consecutive weeks with two sessions per week. 

Exercise program 
The exercises consisted of 5 minutes whole 

body vibration in semi squat position with 
frequency of (36 HZ) and mode (low) starting with 
(30 sec) on followed by (30 sec) off, for total (5 
min). Then the subject rest for 3-5 minutes before 
continuing 10 minutes on treadmill with gradual 
increase in a speed depending on the subjects 
MAX heart rate without exceeding (5 km/h) and an 
inclination of (1%) for (10 min). 

Outcome measure 
Blood Samples were taken from each subject 

at baseline and after 8 weeks for each group. The 
outcome measures were White blood cells 
(WBCs), Neutrophils (NEUT) and Lymphocytes 
(LYM). 

Statistical analysis 
Statistical data analysis used SPSS for 

Windows (IBM, Inc.) version 22. The demographic 
characteristics of the groups were compared by 
descriptive statistics, and the normal distribution 
of data was determined by the Shapiro–Wilk test. 
Repeated measures ANOVA were used to 
analyze the data to detect overall differences 
between the means of the outcome measures for 
the 3 treatment groups. Means and standard 
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deviations were reported, and the alpha level of 
significance was 0.05. 
 
RESULTS  

A total number of 31 volunteered female 
subjects were assessed and they met the 
eligibility criteria and agreed to participate in the 
study. The subjects were randomly allocated to 
HILT group, Exercise group, and combined group 
of HILT and Exercise. The demographic data of all 
participants in each group are shown in (Table 1). 
At the beginning of the training period, there were 
no differences between all subjects regarding age, 
weight and height (p>0.05) 

Comparison of the pre- and post-treatment 
values of (WBCS, Neutrophils and Lymphocytes) 
for each group revealed a significant improvement 
in the three groups after 8 weeks of intervention 
as shown in (Table 2) 

WBCs 
White blood cells levels increased significantly 

versus pre for all 3 groups (p<0.0001) after 8 
weeks of intervention. The WBC data are shown 
in table 2 and figure 1 but, there was no significant 
differences between 3 groups in WBC level at the 
end of 8 weeks of intervention (p>0.05) as shown 
in (figure 1). 

Table 1: Mean values of age and BMI for all groups 
 

 EX group Laser group EX+Laser group P value 

Age 21.1±1.00 22.1±1.2 21.1±1.00 p>0.05** 

BMI 24.53±3.22 23.53±2.52 23.43±3.44 p>0.05** 

Values are mean ± SD 
** Non-significant. 

Table 2: Mean values of WBC, Lymphocytes and Neutrophil for all 
  

 EX group Laser group 
EX+Laser  

group 

 pre post pre post pre post 

WBC 6.5±1.056 8.2±1.056 4.66±0.057 6.533±0.047 5.15±1.22 7.90±1.11 

P value 0.0109* p<0.0001* 0.0419* 

T value 3.009 65.918 2.277 
Lymphocyte 2.34±0.058 3.88±0.56 2.633±0.037 3.99±0.027 2.1±1.01 3.34±0.88 

P value p<0.0001* p<0.0001* 0.038* 

T value 50.44 76.822 2.323 

Neutrophil 2.01±0.39 4.5±1.30 3.133±0.57 3.98±0.055 2.64±1.06 4.56±1.4 

P value 0.0004* p<0.0001* 0.0163* 
T value 4.82 28.401 2.793 

Values are mean ± SD.* Significant 

 
 

Figure 1: Mean values of WBC level at pre and 8wks for all groups 
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Figure 2: Mean values of lymphocytes level at pre and 8wks for all groups 

 

 
Figure 3: Mean values of neutrophils level at pre and 8wks for all groups. 

 
 

Lymphocytes 
Lymphocytes cells levels increased 

significantly versus pre for all 3 groups (p<0.0001) 
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data are shown in table 2 and figure 2, but there 
were no significant differences between 3 groups 
in lymphocytes level at the end of 8 weeks of 
intervention (p>0.05) as shown in (figure 2). 
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Neutrophils cells levels increased significantly 

versus pre for all 3 groups (p<0.0001) after 8 
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shown in table 2 and figure 3, but there was no 
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DISCUSSION 

This study was conducted to investigate the 
effect of HILT, exercise on immune system in 
female. The immune system plays an important 
role in maintaining optimal health, it made up of a 
cell, tissues and organs work together to defend 
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against infection and diseases. It contains lymph 
nodes that start in the bone marrow and allow the 
body to remember and recognize previous 
invaders and help the body to destroy them. 

The subjects in this study received pulsed 
Nd:YAG laser therapy, with a pulse emission of 
1064 nm, very high peak power, (3 kW), 
fluency/energy density of 510–1780 mJ/cm, low 
frequency, (10–40 Hz), And also performed 
exercise on treadmill at speed of 5 km for 10 
minutes, and then total body vibration that 
performed in way of 30s ON and 30s OFF for 5 
minutes, with frequency of (36 HZ) and low mode.  

The findings of the present study 
demonstrated that values of (WBCs, neutrophils, 
and lymphocytes) for each group revealed 
increased significantly versus pre for all 3 groups 
(p<0.0001) after 8 weeks of intervention. But there 
were no significant differences between 3 groups 
in WBCs, neutrophils and lymphocytes level at the 
end of 8 weeks of intervention (p>0.05).  

HILT produces biostimulative light energy that 
interacts with the cells of the body, leading to 
immune improvement and enhancement of anti-
inflammatory action by increasing the levels of 
cytokines and growth factors and stimulating the 
healing process and the microcirculation of 
venous and lymphatic systems Jahromi et al. 
2017; Özdemir et al. 2001; Ebid et al. 2017.  

Over the past decade, a great number of 
researches around the world have greatly 
increased understanding of the relationship 
between exercise and the immune system (Terra 
et al. 2012). Enhancing immune response as a 
result of exercise depends on the strength of the 
exercise. Only moderate exercise enhances body 
immunity but after intensive training a weakened 
immune system result Friman et al. 1985.  

Moderate WBV and treadmill exercise results 
in increase the lymphocyte concentration 
especially CD4 T cells, CD8 T cells, CD19 B cells, 
CD16 natural killer (NK) cells, and CD56 NK cells 
and a significant increase in total leukocyte and 
monocyte counts is observed immediately 
following the exercise Pedersen and Nieman. 
1998; Kendall et al. 1990; Tvede et al. 1989. And 
result in increases the neutrophil concentration in 
the blood during exercise and continues to 
increase after exercise (McCarthy and Dale. 
1988).  

Also, Most o studies have confirmed that HILT 
more effective than LLLT because HILs is capable 
to deliver the same amount of energy as LLLTs in 
much shorter time and it has maximum power up 
to 12 W that allows deep tissue penetration which 

can easily be targeted into any spot of the body 
that are difficult to achieve by LLL. (Jahromi et al. 
2017), There are no significant studies that have 
investigated the effect of the HIL on the immune 
system, all previous studies have done with LLL. 

Our results agree with the outcomes of 
previous studies indicating that moderate exercise 
and HILT enhance the several cell lines with the 
immune system such as neutrophils, monocytes, 
leukocytes, and lymphocytes Gannon et al. 1995. 
Also; Blanks et al. 2019 found that acute whole-
body vibration elicits favorable immune, 
metabolic, and myokine responses and that these 
responses differ between obese and normal 
weight individuals. (Nieman DC. 1999) reported 
moderate versus high-intensity exercise results in 
a reduced stress hormone response, which has 
been associated with a more favorable immune 
response. Walsh et al. 2000 found that intense 
physical exercise promotes degranulation of 
neutrophils increasing the concentration of 
enzymes such as the myeloperoxidase (MPO), 
which acts as a marker of neutrophil migration into 
the muscle and of the degranulation of these in 
the serum. 

Limitations of the study 
The limitations of this study include: the 

volunteers were only females, the small number of 
population also the treatment duration was short. 

CONCLUSION 
The result of this study provides evidence that 

the pulsed high-intensity Nd:YAG laser and 
moderate-intensity exercise producing positive 
effects on the immune system in females. . 
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