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This study was conducted at the Physiotherapy Department, Faculty of Applied Medical Sciences, Umm 
Al- Qura University, Mecca, Saudi Arabia in 2018, to compare the effect of closed kinetic chain exercises 
versus pulsed high intensity laser therapy on bone mineral density in osteoporotic men. Forty 
osteoporotic men with age ranging from 21 to 24 years were selected and randomly assigned into either 
the group (I) that received closed kinetic chain exercises or group (II) that received pulsed high intensity 
laser therapy with total energy of 1000 Joules. Each treatment was applied three times weekly for three 
successive months. Bone mineral density of distal end of radius of all participants was measured by 
Dual Energy X-ray absorptiometry before and after the end of three months of treatment. The results 
showed that Men in the group (I) showed a significant increase in bone mineral density after treatment 
compared with the group (II) (P<0.05). The distal end of radius bone mineral density after treatment was 
-2.68 and -2.92 for group (I) and group (II), respectively. From the obtained results, it can be concluded 
that, closed kinetic chain exercise is more effective than high intensity laser therapy in the treatment of 
osteoporosis in Saudi men.  
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INTRODUCTION 

Osteoporosis is as a systemic disease of 
bone characterized by decrease of bone mass 
with time and deterioration of bone tissue, leading 
to bone fragility and a consequent increase in the 
risk of fracture (Nikander et al., 2010) & (Madhuri 
and Reddy, 2010).  

Currently, it is estimated that 15%-30% of 
men and 30%-50% of women will suffer an 
osteoporotic fracture in their lifetime. It is a silent 
epidemic that has become a major health hazard 
in recent years, affecting over 2000 million people 
worldwide (Kanis et al., 2008). An epidemiological 
analysis showed that 34% of Saudi women, and 
30.7% of men, 50-79 years of age are 

osteoporotic, with a reported increased life 
expectancy in Saudi Arabia increasing from 45-67 
years in 1960 to 75.7 years in 2013 (World Health 
Organization,2013).  

In a Saudi Arabian male population, the 
prevalence of osteopenia is 46.3%, osteoporosis 
is 30.7%, and incidence of vertebral fractures is 
20-24%, and femoral fragility fractures account for 
an estimated annual cost of 12.78 million USD 
(Sadat et al., 2012) & (Burge et al., 2007) & ( 
Ström et al., 2011). The economic burden of 
osteoporosis is expected to rise due to ageing 
populations 6, 7. The Lifetime fracture risk in men 
ranges from 13 to 25%, which is lower than 
estimates for women, who have a lifetime fracture 
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risk of up to 50% (Bilezikian, 1999). 
Several studies indicate that the physical 

activity has a positive relationship to the bone 
mineral density (BMD), and this is an important 
factor to its maintenance. Among these studies, a 
few uses the strength training, trying to increase 
the BMD in individuals submitted to that type of 
physical activity (Bubshait and Sadat, 2007) & 
(Rikli and  Mc Manis,1990) & (Ryan et al., 1994). 
A possible justification for the increase in the BMD 
to the strength training is the bone piezoelectric 
effect. This is suggested by the presence of 
biochemical signals that seem to reflect an electric 
field, possibly as consequential for the applied 
overload (Maïmoun et al., 2003) & (Shanb et al. 
2012) & (Ryan et al. 2004). 

Closed kinetic chain (CKC) exercises involve 
motions in which the body moves on a distal 
segment that is fixed or stabilized on a support 
surface. Movement at joint causes simultaneous 
motions at distal as well as proximal joints in 
relatively predictable manner (Menkes et al. 1993) 
& (Escamilla et al. 1998) & (William, 1999). The 
BMD and fall risk of postmenopausal women with 
osteoporosis could both be improved by CKC 
exercises (Thabet et al. 2017). 

Laser therapy has the ability to stimulate the 
attachment and proliferation of the human 
osteoblasts like cells cultured on titanium implant 
material indicating that low level laser therapy can 
modulate the activity of cells surrounding implant 
material (Khadra et al., 2005). Pulsed high 
intensity laser therapy (HILT) is more effective 
than low intensity pulsed ultrasound in treatment 
of post-menopausal osteoporosis and should be 
considered as a treatment modality to be used 
with other therapeutic modalities (Thabet et al. 
2014). 

Although there is support for the use of CKC 
exercises and HILT to improve BMD, the 
comparison between their effects have not been 
reported. Therefore the purpose of this study was 
to compare the effects of CKC exercises and HILT 
on BMD in osteoporotic men. 

 
  
MATERIALS AND METHODS 

Subjects: 
Forty osteoporotic men were enrolled in this 

study. Their ages ranged from 21 to 24 years. 
They were selected from Umm Al-Qura University, 
Makkah, Saudi Arabia and randomly assigned into 
two equal groups (I & II). They suffered from 
osteoporotic distal end of radius with no evidence 

of fractures. Their body mass index (BMI) didn’t 
exceed 30 kg/m2. Men who were; smokers; with a 
previous history of radius fractures; under taken 
corticosteroid for long period of time; with cancer; 
renal disease; gastrectomy; metabolic bone 
disease or any condition that could cause 
secondary osteoporosis were excluded.  

This study was approved by the ethical 
committee of the Faculty of Applied Medical 
Sciences, Umm Al-Qura University, Makkah, 
Saudi Arabia (No. FAMS20190118). A written 
consent form was obtained from all men prior to 
their participation. Subjects were randomly 
assigned into two equal Groups (I & II): group I 
received CKC exercises for 40 mins, was applied 
three times weekly for three successive months 
and group II received HILT program with total 
energy of 1000 Joules were applied three times 
weekly for three successive months. 

Bone mineral density assessment 
BMD (g/cm2) of distal end of the radius was 

measured using DEXA (Hologic 4500A; Hologic, 
Bedford, MA, USA). It was used for the qualitative 
assessment of BMD at the distal end of radius for 
both groups before and after the treatment. An 
imaging test that measures BMD (the amount of 
bone mineral contained in a certain volume of 
bone) by passing x-rays with two different energy 
levels through the bone.  

Interventions 
Group (I) received CKC exercises for 40 mins 

which included, weight shifting exercises in 
quadruped, tripod, and biped position with weight 
supported on a stable surface a treatment table 
for 15 mins, push-ups and press-ups done on an 
stable surface for 15 mins, and sliding exercises 
forward, backward, side to side and circular 
movement of the hand performed on a slide board 
from quadruped for 10 mins, with 5 mins rest in 
between each exercise, exercises stopped when  
there was any symptoms that limit the exercise 
such as fatigue, balance disturbance, excessive 
sweating, breathlessness, chest pain or arm 
cramps.  

Group (II) received HILT by using HIRO 3 
(Asalaser, Arcugnano, Italy). The HILT machine 
provides a pulsed Nd-YAG laser with peak power 
of 3 kW, average power of 10.5 W, wavelength of 
1064 nm, fluency level of 510-1780 mJ/cm2, low 
frequency of 10-30 Hz, 0.1% duty cycle, probe 
diameter of 0.5 cm, and spot size of 0.2 cm2. The 
delivery technique for this group was automatic 
scanning with total energy of 1000 Joules. HILT 
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was delivered in two different phases, initial and 
terminal phase. In the initial phase, three sub-
phases of fast manual scan were performed to 
distal radius with total energy of 500 Jules. In 
Final phase: 3 sub-phases of slow scanning with 
total energy of 500 Joules reached the distal 
radius. Scans were longitudinal to the anatomical 
structure to be treated, ideally following a straight 
line path. 

Statistical analysis:  
The results were expressed as mean 

(standard deviation). The mean values of BMD, 
comparison of assessments before and 
immediately after the treatment in each group 
were performed using paired t-test, whereas the 
comparison of assessments between both groups 
before and immediately after treatment was 
carried out using an unpaired t-test. The Statistical 

Package for the Social Sciences (SPSS) 
computer program version 16.00 was used for 
data analysis. A P-value of less than 0.05 was 
considered to be statistically significant. 
 
RESULTS  

The demographic and clinical characteristics 
of participants in both groups are represented in 
Table 1. No significant differences were found 
between both groups regarding the age and BMI. 

Before treatment, there was no statistically 
significant difference in the mean values of BMD 
(g/cm2) in both groups (p=0.77). In contrast, there 
was a statistically significant difference between 
the mean values of BMD (g/cm2) in both groups 
after treatment (p=0.03) (Table 2).  

 

 
Table 1: Demographic and clinical characteristics of participants at baseline. 
 
 
 
 
 
 

 

CKC: Closed Kinetic Chain Exercises                            HILT: Pulsed High Intensity Laser  
Level of significance at P<0.05                  * Nonsignificant            SD: standard deviation 

 
Table 2: Pre and post-treatment mean values of BMD (g/cm2) for both groups. 

 
 
 
 
 
 
 
 
CKC: Closed Kinetic Chain Exercises                           HILT: Pulsed High Intensity Laser 

BMD: Bone Mineral Density                                           Level of significance at P<0.05 
* Nonsignificant                                                             ** Significant 

 
In the group (I) there was a statistically 

significant difference between the mean values of 
BMD obtained during the baseline and after 
treatment (p<0.001). Also in the group (II) there 
was a statistically significant difference between 
the mean values of BMD obtained during the 
baseline and after treatment (p=0.034) (Table 2).    
 
DISCUSSION 

This study was designed to determine the 
effect of CKC exercise versus HILT on BMD in 

osteoporotic men. After the treatment 
interventions, the obtained results showed that 
CKC exercise was effective more than HILT in 
improving BMD in osteoporotic men. Because 
CKC exercise provides a more stress effect on 
bone that help for stimulation of osteogenesis. 

 
The improvement of BMD in the group (I) due 

to the effect of physical activity that improve or 
maintain bone mass in all ages and some specific 
exercises, in the form of short, repetitive and 
multidirectional mechanical loading, lead to 

Character 
 

CKC group HILT group 
P-Value 

Mean ± SD Mean ± SD 

Age (years) 22.55 ±0.94 22.60 ± 0.99 0.77* 

BMI (kg/m2) 27.84 ± 1.2 27.81 ± 1.15 0.91* 

Character 
CKC group HILT group  

P-Value Mean ± SD Mean ± SD 

Distal Radius BMD 
(g/cm2) 

Pre -3.05 ± -0.31 -3.08 ± -0.33 0.77* 

Post -2.68 ± -0.41 -2.92 ± -0.21 0.03** 

P-Value < 0.001** 0.034** 
 

% of Improvement 12.1% 5.2% 
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greater gains in bone strength (Liu et al. 2003) & 
(Turner and Robling, 2005).  

Closed-chain exercises stimulate joint and 
muscle mechanoreceptors, facilitate co-activation 
of agonists and antagonists (co-contraction), and 
consequently promote dynamic stability. Also, 
provide greater proprioceptive and kinesthetic 
feedback than open-chain training because 
multiple muscle groups that cross multiple joints 
are activated during CKC exercise, which provide 
more stress effect on bone that help for 
stimulation of osteogenesis more sensory 
receptors in more muscles and intra-articular and 
extra-articular structures are activated to control 
motion than during open-chain exercises that 
improve balance and postural control (Ebid and 
Thabet, 2017). 

The improvement of BMD in the group (II) due 
to the ability of HILT to accelerate the bone matrix 
deposition and vascularization, alter the 
osteoblast and osteoclast cell activities, enhances 
fracture healing and improves bone regeneration 
(Ebid and Thabet, 2017) & (Alayat et al. 2018).  

The obtained results agreed with previous 
study reported that bone compression, tension, 
torsion or shear was a causative factor of bone 
overload. The differences in the bone’s electrical 
power produced by such mechanical forces act as 
an electrical field that promotes cellular activity, 
causing minerals to be deposited in the areas 
under stress (Ryan et al. 2004). 

The results of this study come in agreement 
with previous study reported that exercise should 
be recommended to patients with osteopenia or 
osteoporosis. The physical activity can be an 
important instrument in preventing and acting as 
an auxiliary treatment to osteoporosis, not only by 
reducing the chances of fracture due to bone loss 
maintenance, but also by increasing 
neuromuscular capacity, improvement of core 
stability thus to aid in preventing falls and 
reducing its impact (Petranick and Berg, 1997). 

The results of this study agree with previous 
study reported that the bone response to the 
strength training appears to occur both in young 
and in older individuals, and both in male and 
female individuals 15. The strength training has 
been pointed out as one of the physical activities 
that results in osteogenesis (Vincent and Braith, 
2002).   

The results of this study are consistent with a 
previous study reported that the osteogenic effect 
caused by the practice of exercises using the 
body weight or a large, muscular strength 
production as the overload has been suggested, 

once athletes involved in sports with such feature 
present higher BMD than is usually found in the 
population in general (Ryan et al. 2004). 

This study is not exempt of limitations; firstly, 
the lack of data about vitamin D data, as vitamin D 
affects bone health and can be a confounder to 
response to therapy. Secondly, the absences of 
functional measures hinder us to demonstrate 
how the improvement in BMD reflected on the 
functional activities. And finally, lack of follow-up 
data, which reduces the clinical application of our 
results on the short-term effects of treatment. 
Further studies taking into account these factors 
will help us to define whether interventions are 
effective in this determined population. 

CONCLUSION 
Therefore, we can conclude that CKC 

exercise is more effective than HILT in the 
treatment of osteoporosis in men and should be 
considered as a treatment method to be used with 
other therapeutic modalities. 
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