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ABSTRACT 
 
One of the health problems occurring post thyroidectomy is osteoporosis which has a greater impact on the 
patients' lives as it affects the strength and quality of bone and increases the fracture risk. This study was 
conducted to identify the beneficial therapeutic effect of weight bearing aerobic exercises and whole-body 
vibration training on bone mineral density post thyroidectomy and also to compare between their effects. In 
this study, forty-five patients of both sexes underwent thyroidectomy and had osteoporosis were included. 
Fifteen patients performed weight bearing aerobic exercises in addition to their routine medications and 
fifteen patients were trained on whole body vibration in addition to their routine medications, while remaining 
fifteen cases received only their routine medications. Dual Energy X-ray Absorptiometry (DEXA) is used to 
evaluate the bone mineral density before and after six months of treatment (28 weeks) for all groups. The 
mean values of BMD of lumbar spine and neck of femur in all groups were significantly increased. The 
percentages of bone mineral density improvement for lumbar spine and femoral neck in the weight bearing 
exercise group were 18.63% and 19.82%, in the whole-body vibration group were 22.17% and 29.82%, while 
in the control group were 7.47% and 3.63%. So, it can be concluded that the weight bearing aerobic exercises 
and WBV training have a therapeutic beneficial effect on improving the bone mineral density in patient 
underwent thyroidectomy, but the whole-body vibration was more effective than weight bearing aerobic 
exercises. 
Keywords: Weight bearing aerobic exercise; Bone mineral density; Whole body vibration; Osteoporosis; 
Thyroidectomy. 
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INTRODUCTION 
 
The skeletal system is undergoing in continuous processes of bone modelling and remodelling to maintain 
its dynamic characteristic. There are two key players of bone remodelling: osteoblasts (for bone resorption) 
and osteoclasts (for bone formation). Osteocytes (acting as mechanosensor and derived from osteoblasts) 
and the bone lining cells are also involved in the remodelling process (Katsimbri, 2017; Vlasova, 2020). 
 
The bone remodelling process is important as it is responsible for micro-fractures repair, prevention of fragile 
bones formation and to balance the homeostasis between calcium and phosphate (Kenkre & Bassett, 2018; 
de Lima 2018). 
 
The development of the skeletal system and its maintenance in good state depend on many factors; genetic 
factors, sufficient metabolic and hormonal functions, ample mechanical load (exercises) and balanced diet. 
Severe consequences will occur if there is any imbalance among these factors as osteoporosis (excessive 
bone resorption) and osteopetrosis (excessive bone formation) (Tuchendler & Bolanowski, 2014; Misse, 
2018). 
 
Thyroid hormone has important role in bone turnover by increasing the activation of new cycles of remodelling 
and stimulating the activity of osteoplastic and osteoclastic in cortical and trabecular bone. After total or partial 
thyroidectomy and radioiodine therapy, calcitonin secretion is dramatically reduced leading to osteopenia 
due to deregulation of bone resorption. Also excess endogenous thyroxin and over enthusiastic thyroid 
replacement therapy following thyroidectomy led to osteoporosis (Dhanwal, 2011; Nikolaou & 
Markogiannakis, 2017). 
 
Osteoporosis is increasing fracture risk as it affects the bone strength and quality through substantial bone 
mass loss and bone tissue micro-architecture deterioration. Fractures cause chronic pain, functional capacity 
loss and decreased life quality (Linda et al., 2014). 
 
Bone is a dynamic tissue that responds to different stimuli like physical exercises and mechanical vibrations. 
The bone mass is maintained or gained by muscles contractions exerted on bones and by the mechanical 
forces exerted through ground reaction forces (Kelly et al., 2013). 
 
In weight-bearing aerobic exercises such as walking, jogging, climbing, and jumping, the body works against 
gravity giving an osteogenic stimulus that enhance bone mass compared with non-weight bearing aerobic 
exercises such as swimming, water aerobics and cycling that usually accompanied with a decreased bone 
mineral density (Nikander et al., 2009). 
 
The vibrating platforms in whole body vibration (WBV) produces sinusoidal oscillations in vertical or rotational 
mode that transmitted to the entire body. It has been reported that whole body vibration improves muscular 
performance, increases muscle power and strength, improves body balance, and increase bone formation 
(Kawashima et al., 2007). 
 
MATERIALS AND METHODS 
 
This Stochastic and with control research, which intended to evaluate the therapeutic advantages of weight 
bearing aerobic phenomena and body shake on bone mineral density post thyroidectomy and compare 
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between them. The patients were chosen of Kasr Al Ainy Teaching Hospital, Cairo University in Egypt and 
the study carried out during the period of March 2018 to November 2019. 
 
Group A (weight bearing aerobic exercises), group B (whole body vibration “WBV“) and group C (control 
group). All subjects in all groups received their routine medical intervention. 
 
RESULTS 
 
Subject characteristics 
The characteristics of subjects in group A, B and C showed in Table (1). Regarding the age and BMI, no 
significant difference was formulated among any groups (p > .05). Also, no significant difference was founded 
between groups in sex distribution (p > .05). 
 
Table 1. Basic characteristics of participants. 

 
Group A Group B Group C 

p-value 
Mean ± SD Mean ± SD Mean ± SD 

Age (years) 32.53 ± 5.61 31.8 ± 4.58 33.06 ± 4.46 .77 
BMI (kg/ m²) 26.38 ± 2.01 26.83 ± 2.36 26.23 ± 2.17 .73 
Sex n (%)     
Females 9 (60%) 10 (67%) 8 (53%) 

.75 
Males 6 (40%) 5 (33%) 7 (47%) 

 
Within group comparison 
Within group comparison of pre- and post-treatment BMD, the BMD of lumbar spine and neck of femur was 
significantly increased in group A (p < .001), group B (p < .001) and group C (p < .01). (Table 2) and (Figure 
1). 
 
Between group comparison 
Between group comparison pre-treatment revealed a non-significant difference between groups (p > .05). 
While between groups post-treatment comparison revealed that there was a significant increase in lumbar 
spine and neck of femur bone mineral density of group B compared with that of group A (p < .05) and that of 
group C (p < .001). Also, bone mineral density of lumbar spine and neck of femur of group A was significantly 
increased when compared with that of group C post-treatment (p < .01). (Table 3). 
 
Table 2. Mean lumbar spine and neck of femur BMD pre- and post-treatment of all groups: A, B and C. 

 
Group A Group B Group C 

Mean ± SD Mean ± SD Mean ± SD 

Lumbar spine    
Before treatment -2.2 ± 0.19 -2.12 ± 0.18 -2.14 ± 0.17 
After treatment -1.79 ± 0.16 -1.63 ± 0.17 -1.98 ± 0.15 
MD (95% CI) -0.41(-0.49: -0.31) -0.49 (-0.58: -0.4) -0.16 (-0.24: -0.07) 
 p = .001 p = .001 p = .001 

Femoral neck    
Before treatment -2.32 ± 0.23 -2.28 ± 0.22 -2.2 ± 0.27 
After treatment -1.86 ± 0.24 -1.6 ± 0.2 -2.12 ± 0.28 
MD (95% CI) -0.46 (-0.52: -0.39) -0.68 (-0.74: -0.61) -0.08 (-0.15: -0.02) 
 p = .001 p = .001 p = .01 
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Table 3. Comparison of mean lumbar spine and neck of femur BMD post-treatment between groups; A, B 
and C. 

 Group A vs. group B Group A vs. group C Group B vs. group C 

Lumbar spine    
MD (95% CI) -0.16 (-0.3: -0.01) 0.19 (0.03:0.33) 0.35 (0.19: 0.49) 
 p = .03 p = .009 p = .001 

Femoral neck    
MD (95% CI) -0.26 (-0.47: -0.03) 0.26(0.03: 0.48) 0.52 (0.29: 0.73) 
 p = .02 p = .01 p = .001 

 
DISCUSSION 
 
Patients who underwent thyroidectomy totally or partially had a higher risk of osteoporosis about 1.43 times 
when compared with the patients who did not underwent thyroidectomy. The risk of post thyroidectomy 
osteoporosis is higher in women, subjects younger than 50 years old, and patients having comorbidities 
(Chien-Ling et al., 2018). 
 
It was founded in this study that both of weight bearing aerobic exercises and WBV are effective in BMD 
improvement in patients underwent thyroidectomy. 
 
The weight bearing aerobic exercises create an intermittent mechanical stress on the skeletal system and 
stimulate the mesenchymal stem cells, the activity of osteoblast and osteocyte and osteogenic differentiation, 
all of that improve bone strength and induce bone formation. The changes in hormones levels such as the 
parathyroid hormone (PTH), oestrogen and prostaglandin E2 occurring in aerobic exercises also increase 
bone formation and osteogenic differentiation (Yuan et al., 2016). 
 
But in this study the WBV was more effective in improving bone mineral density when compared to weight 
bearing aerobic exercises. This result could be as WBV acts on two mechanisms: direct and indirect. 
 
The direct mechanism of WBV to produce osteogenic effects may be due to changes in the flow of bone fluid 
through mechano-transduction and bone stimulation (Judex and Rubin, 2010). Also, it is assumed that the 
vibration causes micro-trauma to the bone which is repaired by osteoblast cells latterly (Turner et al., 1995). 
 
Whole body vibration indirectly stimulates bone through increasing the neuromuscular training and activation 
of skeletal muscle as the muscle contract and relax by neural reflex about 7-28 times per second while once 
or twice per second in conventional exercises. Also, WBV results in involuntary muscle contractions and 
approximately 97 percent of muscle-fibres is engaged while only 45 percent of muscle fibres is engaged in 
conventional exercises (Kawanabe et al., 2007). Both of the ground reaction and the strain forces caused by 
these various types of muscle contractions generate proper mechanical stresses that increase bone 
formation and strength, increase BMD, and prevent development of osteoporosis (Yuan et al., 2016). 
 
WBV training is also increasing testosterone and growth hormones levels which indirectly affecting bone 
remodelling (endocrine system response) (Bosco et al., 2000). 
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CONCLUSION 
 
In conclusion, it can be founded that the significant enhancement in BMD in this study proved the 
effectiveness of weight bearing aerobic exercises and WBV strongly and the better results were in favour to 
all body vibration training. 
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