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ABSTRACT 

BACKGROUND 

With the increase in life expectancy women spend more than one-third of their life 

time in post-menopausal state leading to osteoporosis in later stages. Therefore a 

decrease in temporal-spatial parameters of gait, high risk of fracture, imbalance in 

functional parameters, fear of fall and compromised health related quality of life is 

observed among osteoporotic females. Several physical activities and balance training 

programs have been implemented globally but nationally no program has yet been 

designed catering gait balance and fear of fall altogether as a combined program.   

OBJECTIVES 

The aim of this thesis was to determine the effectiveness of Osteoanabolic exercises 

on Temporal-Spatial gait parameters, Gait Stability Ratio (GSR) and Bone Mineral 

Density (BMD) among the osteoporotic females. Moreover, the effectiveness of these 

exercises was evaluated on dynamic balance using Timed Up and Go Test (TUG). 

Furthermore, the impact on fear of fall was identified using Fall Efficacy Scale-

International (FES-I).  

METHODS 

A 3-arm Randomized Controlled Trail was conducted at Department of Rehabilitation 

Sciences, Ziauddin Hospital using envelope method. The participants were screened 

on the Physical Activity Readiness and You Questionnaire (PARQ &YOU). Ninety-

three osteoporotic females were randomly allocated into three groups; where; 

participant in group ‗A‘ received aerobic training protocol, participant in group ‗B‘ 

resistance training and participant in group ‗C‘ Osteoanabolic training. A Frequency 

Intensity Time Type (FITT) protocol according to American College of Sports 

Medicine for aerobic and resistance training was incorporated whereas for 

Osteoanabolic group combination training protocol was used. Twelve weeks of 

training was conducted where pre and post readings were calculated using activPAL, 

TUG, FES-I and Peripheral DXA Scan. 

RESULTS 

Our results revealed that at 95% CI, Z1-α/2 
 
the BMD of the participants were 

significantly improved in all the three groups p <0.05. Wilcoxon Sign Rank test was 

applied to find out within the group analysis (pre-post) at GSR which suggest 



xxiii 

favorable outcomes for aerobic and Osteoanabolic p<0.05. Kruskal-Wallis test was 

applied to analyze within the group analysis that suggests favorable results for 

Osteoanabolic group Z1-α/2 <0.05. For gait velocity the mean difference was found to 

be highest among the aerobic group (0.32±0.14 meters/sec)  whereas for cadence it 

was in the Osteoanabolic group (113.03±5.6 steps/minute). Further for gait velocity, 

ANOVA and post hoc analysis showed statistically significant result (p<0.05) with 

the highest improvement in the Osteoanabolic group (1.06±0.16 meters/sec). For 

dynamic balance, no clinical significant difference was found between aerobic and 

Osteoanabolic group although p<0.05 for all the groups. For fear of fall low level of 

concern were documented in the Osteoanabolic group (20.4±2.8) with p<0.05 among 

all the three groups. 

CONCLUSION 

All exercise training protocols have shown improvement in gait, balance, BMD and 

fear of fall however, significant difference was observed in the Osteoanabolic group. 

Therefore, the future risk may be reduced through these training protocols. 

KEYWORDS 

Assessment, accelerometers, aerobic, balance, Bone Mineral Density, cadence, 

exercise, fear of fall, gait velocity , physical activity.  
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1.1 Osteoporosis and Postmenopausal Women 

Osteoporosis (OP), porous bone is a slow progressive disease characterized by 

decreased Bone Mineral Density (BMD) by micro-architectural deterioration of bone 

tissue (Meiyanti, 2016). Therefore, leading to an increase in bone fragility that is 

susceptible to fracture, particularly of vertebral column, wrist and pelvis (Sözen et al., 

2017, Meiyanti, 2016, Tella and Gallagher, 2014). Postmenopausal women are the 

most common population being affected by osteoporosis, however the condition is 

often asymptomatic. With the increase in life expectancy, women spend more time in 

the post-menopausal state leading to activity limitations mostly due to high risk of 

fracture (Cauley, 2017) fear of fall (FOF) (Halvarsson and Ståhle, 2018) and decrease 

in quality of life (Lems and Raterman, 2017 ). According to WHO (World Health 

Organization) the prevalence of osteoporosis in postmenopausal women aged 47 to 60 

years was 20.2% in lumbar vertebrae and 30% in distal radius based on the criteria 

using T-scores (Meiyanti, 2016). Moreover, it was stated that 30% of women aged 

50 years and above suffer from osteoporosis (Sözen et al., 2017). A woman loses 6% 

of cortical bone mass and 37% of trabecular bone mass before the age of 50 years 

(Franic and Verdenik, 2018). In addition, the most significant decrease in BMD is about 

5% per year in the first years after the menopause followed by 1 to 1.5% per year in the 

following years (Finkelstein, 2008). Furthermore, after the age of 50 years, the risk of 

osteoporotic fractures is 40%, similar to the risk of coronary artery disease (Franic 

and Verdenik, 2018). At menopause, bone remodeling is impaired by the estrogen 

deficiency, hence increasing the osteoclastic resorption without corresponding 

increase in osteoblastic activity thus resulting in bone loss. As estrogen has a crucial 

role in bone remodeling homeostasis, thus its deficiency may lead to primary 

osteoporosis in postmenopausal women (Tella and Gallagher, 2014). Similarly, the 

extra-skeletal effects by estrogen results in decreased calcium absorption in intestine 

that raise parathyroid hormone levels leading to increased bone degradation (Franic 

and Verdenik, 2018). However, women aged above 60 years developed senile 

osteoporosis due to aging with the occurrence of osteoblastic dysfunction in 

trabecular and cortical bone, thereby increasing the risk of fractures (Meiyanti, 2016). 

World Health Organization provides the clinical diagnostic statement of osteoporosis 

that is based on BMD measurement as seen in normal individuals, measured at the 

hip, lumbar spine or forearm.  The T-scores of 1 and 2.5 Standard Deviations or more 
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below the mean is categorized as low bone mass or osteopenia, whereas any value      

> 2.5 Standard Deviations below peak adult bone mass is considered as osteoporosis 

(Sheu and Diamond, 2016 ). 

 

 

 

 

 

 

 

Table 1 showing the World Health Organization criteria for clinical diagnosis of 

osteoporosis adapted from   (Jeremiah et al., 2015) 

Spinal or Hip BMD T-score Diagnosis Fracture Risk 

T-score > -1.0 Normal Minimal 

T-score <-1.0 and > -2.5 Osteopenia Moderate 

T-score < -2.5 Osteoporosis Elevated 

T-score < -2.5 with existing 

fracture 
Severe osteoporosis Maximum 

**The values are taken for female reference mean 
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1.2 Classfication of Osteoporosis 

Women may suffer with both types of osteoporosis: primary and secondary. Primary 

osteoporosis is most common type, resulting due to normal physiological changes; 

either menopause or aging. This may lead to rapid loss of BMD as a result of decline  

in estrogen levels in women, also termed as involutional osteoporosis type I whereas 

in type II, senile osteoporosis, aging of cortical and trabecular bones occurs causing 

loss in bone mass (Sözen et al., 2017). On the other hand, secondary osteoporosis is 

caused by altered medical conditions and treatments that decrease the BMD leading to 

loss of bone (Mirza and Canalis, 2015 ). 

 

1.3 Global Burden of Osteoporosis 

With the advent of time, globally the burden of musculoskeletal disorders has 

increased the disability by 45% from 1990 to 2010 (March et al., 2014) causing them 

to be the second leading cause. According to Asia Pacific Audit 2013, OP is 

significantly underdiagnosed and under treated disease, even in the case of high risk 

patients who have already suffered with fractures. Out of 16 countries of Asia Pacific 

only 6 has highlighted OP as a National Health Problem (NHP) and unfortunately 

Pakistan is not in them. With the increase in the life expectancy among Asians it is 

been estimated that the population of people aged over 50 years is expected to grow 

with an average of 144% by the year 2050  (Mithal et al., 2013). 

1.4 Epidemiology of Osteoporosis 

Women spend two-third of their life span in the post-menopausal state leading 

towards osteoporosis in later stages (Gold, 2011). According to International 

Osteoporosis Foundation (IOF, 2015) an estimated number of around 200 million 

people are present worldwide, where one out of every three women, are at a risk of 

having osteoporotic fracture. Similarly, OP is reported 4 times more prevalent among 

females (Alswat, 2017) firstly, due to speed of loss of bone that has been reported at 

an annual rate of 0.2-0.5% after 40 years and secondly due to the increase in life 

expectancy in comparison with men (Liu et al., 1997). 

Since OP is asymptomatic so usually a fall-related fracture is the evident sign of it. 

According to Osteoporotic Facts and Statistical Analysis OP fractures creates an 
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estimated economic burden of around $2.3 billion Canadian dollars annually that is 

more prevalent than Myocardial Infarction, stroke and breast cancer (IOF, 2015).This 

concern is persistent for more than two decades where almost 8.9 million fractures 

cases were reported making it approximately 1000 cases per hour (Johnell and Kanis, 

2006). In addition to it, Kanis et al. (2013) on a 10 years study claimed OP as an 

alarming condition where an increase in the incidence of fragile fractures (hall mark 

of osteoporosis) has increased up to 50%. 

Besides Canada the high rate of incidence of osteoporotic fractures has been reported 

in United States, Europe and Unite Kingdom. Rosen (2017) reported that the annual 

incidence of osteoporotic fractures in United States is approximately 0.3 million, for 

Europe the number of incidence reported are 1.7 million and for United Kingdoms the 

incidence is reported as 400/100000 women. Further it was estimated that among all 

the fractures associated with the disease, the most common and disabling of all are the 

hip and vertebral fractures that causes the utilization of more hospital beds in 

comparison to other non-communicable diseases like heart attack and diabetes 

(Rodrigues et al., 2017). The most common sites of fractures as observed among the 

females are hip, vertebral and distal forearm (Lin et al., 2015). 

Asia along with the western world has been reported extensively as prevailing an 

increased incidence of OP. Largely as a result of the ageing population it has been 

projected that over half of all the hip fractures in the world will occur in Asia by 2050 

where at least one-third of their population will reach over 50 years and may aqttain 

some disability. Similarly, in India around 50 million people are either osteoporotic or 

tends to have lower bone mass (Mithal et al., 2013). China being the highly populated 

estimated that the annual cases of osteoporotic fractures reported during the year 2011 

are 40% greater than the sum of cases reported for the breast, endometrial and ovarian 

cancers(Dhanwal et al., 2011). Furthermore, it was estimated that a previous wrist 

fracture may increase a risk for having future hip and vertebral fractures with an 

estimated relative risk of around 1.9 and 4.4 respectively (Klotzbuecher et al., 2000).  

Nationally, due to lack of registries and published evidences there is a paucity of 

epidemiological data on osteoporosis in Pakistan.  Although, limited data is available 

on the prevalence of osteoporosis in Pakistan yet several studies on lower scales have 

reported OP in the socioeconomically different strata of Karachi. According to 

statistics documented in a systematic review by Khan et al. (2018) higher prevalence 
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is present among postmenopausal women aged 45 years and above as documented in 

table  2) whereas only 6.7% of postmenopausal women was documented earlier (Baig 

et al., 2009). Similarly, 18.6% of osteoporotic population was reported in Lahore (Nagi 

et al., 2013) whereas 24.7% of the cases were reported among the population of KPK 

(Arif and Inam, 2006). Indeed in Pakistan the situation is alarming as limited data is 

available regarding OP along with osteopenia where 64% of women <30 years and 

55% of women <45 years of age among the population of Karachi was reported 

(Jaleel et al., 2010).  According to Asia Pacific Audit report Pakistan is the only 

country among sixteen countries where no guidelines are available for the 

management of osteoporosis (Mithal et al., 2013). Previously, with the availability of 

bone densitometers the early diagnosis of osteoporosis has not been reported because 

of high expense incurred on DXA-Scan and due to the cost of machine the availability 

of scan is only possible in some tertiary care hospitals (Binu et al., 2018, Zaman et al., 

2018, Kanis et al., 1994). Moreover, the audit report clearly states that Pakistan is 

severely under resourced with less than 1 machine per million population (Mithal et 

al., 2013). 
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Table 2: reveals the current prevalence of Osteoporosis in Pakistan as given in a systematic review by 

Khan et al. (2018)  

Author,Year Location 
Target 

Population 
Sample size Prevalence 

Naeem et al, 2016 Karachi Post-menopausal 203 44.8% Osteopenic 

28.6% Osteoporotic 

Ejaz, 2012 Karachi Pre- menopausal 

Post-menopausal 

1351 

65 

63.8% Osteopenic 

17.8% Osteoporotic 

43.1% Osteopenic 

49.3% Osteoporotic 

Lowe,  2011 Nahaqi, 

near 

Peshawar 

Postmenopausal 140 43% Osteopenic 

27% Osteoporotic 

Zahoor, 2011 Peshawar Postmenopausal 

(OPD setting) 

240 44% Osteopenic 

24.5% Osteoporotic 

Jaleel,  2010 Karachi Females (18–80 years) 

visiting Obstetrics and 

Gynecology health stall 

at Expo Center 

170 <45 Years (n=124) 

54% Osteopenic 

5.6% Osteoporotic 

>45 Years (n = 46) 

47.8% Osteopenic 

26.1% Osteoporotic 
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1.5 Etiology 

The etiology of osteoporosis is multifactorial and substantial for multiple reasons that 

are: 1) It assist in understanding the nature of disease 2) It helps to strategies 

appropriate interventional strategies 3) It provides guidance towards prevention of 

disease and 4) It suggests to control the route for plummeting the incidence of disease. 

Thus for the sake of above mentioned reasons the etiology of osteoporosis is 

classified as follows: 

1.5.1 General Factors 

Age 

Osteoporosis is an age-associated disease involving gradual and progressive bone 

degradation especially after 50 years. Among women, the skeletal aging progresses 

faster in women when compared with women mainly due to menopause. Aging is 

associated with underlying genetic, hormonal, biochemical and environmental 

pathological factors that leads to increase in risk of fractures (Jakob et al., 2014, 

Demontiero et al., 2012). With the increasing age the hospitalization with the OP 

fractures has been documented. Moreover, the Korean National Health and Nutrition 

Examination Survey conducted between 2008 to 2010 documented 70% the 

hospitalization of women due to OP were found in their 60s and that is increasing 

with the increasing age (Lee et al., 2013). This may be due to the cortical and 

trabecular structural deterioration with aging especially among the females 

(Milovanovic et al., 2015). 

Gender 

Women are most likely to be affected from osteoporosis as they tend to have early 

onset of bone loss at rapid pace of 65-69 years of age with 0.96% of estimated bone 

loss at femoral neck annually as compared to men (Alswat, 2017). In addition, 

estrogen deficiency is more pronounced in postmenopausal women as it may cause 

early and late forms of osteoporosis associated with great increase in bone resoprtion 

caused by an increased osteoclastic activity. Moreover, women aged above 50 years 

have four times increased rate of osteoporosis and tends to have fracture 5-10 years 

earlier in comparison with men (Riggs, 2000). 
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Ethnicity 

White women tend to have the highest rates of fracture as their ethnicity influence the 

epidemiology of the disease. However, lower risk of fracture is determined in black 

women whereas Native American and Hispanic women had risks that were not 

appreciably different from White women. Similarly, among Asian women, the 

unadjusted risk for osteoporosis was higher than in White women (Leslie, 2012, 

Cauley, 2011). 

Family History 

According to Clark and Duncan (2015) BMD is a highly heritable trait that is 60–90% 

among genetically determined individuals. Moreover, osteoporosis is a familial 

disease such as offspring of osteoporotic individuals with fractures are more likely to 

have low BMD hence leads to the development of osteoporosis. 

An estimated 60 to 80% of variability in bone mass can be explained through 

heritable factors. Besides, daughters are more prone towards decreased BMD in OP 

mothers and also among the mothers and fathers who are first-degree relatives (Weaver 

et al., 2016). Osteoporosis is a polygenetic disorder and gene interaction is a key 

component in determining the risk of disease. However, it is evident that BMD is a 

heritable trait and it is estimated among 50%-80% of the cases. The genes found to be 

susceptible in association to osteoporosis includes OPG, ESR1, MARK3, MHC and 

SPTBNI  among various others (Tian and Yu, 2017) 

Bone Structure, Composition and Body Weight 

Pre and postmenopausal women tends to lose 30-50% of trabecular bone mass and 25-

30% of cortical bone that weaken bone by micro-architectural deterioration thereby 

increasing risk of fracture. Body composition comprises of lean body mass and fat 

body mass; studies have revealed that lean body mass is found to be positively 

associated with Body Mass Index (BMI) and work as a protective agent against the 

development of osteoporosis (Gillette-Guyonnet et al., 2000). However fat body mass 

is a causative agent of osteoporosis although metamorphosis exist between the studies 

which suggests no direct association between fat body mass and the incidence of 

osteoporosis. 
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Moreover, weight, BMI and BMD had positive correlation where, weight and BMD 

had higher coefficient of correlation which means low body weight is much more 

likely to be related to osteoporosis. On the contrary, age, menopause, smoking status 

and low BMI are much more compatible as a risk factor for developing the disease 

(Kim, 2012). 

Certain diseases 

Multiple conditions have adverse effects on bone metabolism leading to disruption in 

bone causes alteration in mineralization subsequently reduces the bone strength. 

Disorders such as osteomalacia, hyperthyroidism, hyperparathyroidism and diabetes 

mellitus disrupt the bone homeostasis by increases osteoclastic resorption leads to 

suppression of bone turnover (Unnanuntana et al., 2011). Moreover, progressive 

diseases like rheumatoid arthritis, inflammatory bowel disease, cystic fibrosis, celiac 

disease, lupus and multiple sclerosis may lead towards the bone degradation thus 

increasing the risk of osteoporosis (Vann, 2017, Shaw, 2008). However, most of these 

diseases are more amenable to treatment than primary osteoporosis; therefore it is 

crucial to recognize these clinical conditions as 20-30% shows secondary causes of 

OP (Fitzpatrick, 2002, Peris et al., 1995, Caplan et al., 1994).  

Medications 

A number of medications affect bone quality and strength causing a decrease in 

BMD and an increase in likelihood of fall-related fractures among older adults. 

These include glucocorticoids, proton-pump inhibitors, anticonvulsants and 

contraceptive injections that are potential contributors to the development of 

osteoporosis due to increase bone resorption and altered bone homeostasis (Panday 

et al., 2014). In particular, Henneicke et al. (2014) demonstrated direct and indirect 

of glucocorticoids  that its stimulations leads to excessive bone resorption, primarily 

in the trabecular regions of spine therefore induces osteocyte apoptosis that 

contributes to decrease BMD and early fracture risk. Furthermore, treatments 

including chemotherapy and gastric-bypass surgery may reduce the ability of body 

to absorb nutrients thus can increase the risk of osteoporosis (Vann, 2017, Shaw, 

2008). 
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Smoking & Alcohol Consumption 

According to National Institute of Health (NIH) several studies have identified 

smoking as a risk factor of osteoporosis as it has a negative impact on bone healing 

thus decreases BMD and increases risk of having fracture (NIH, 2016). As stated by 

National Institute of Alcohol Abuse and Alcoholism, alcohol consumption can 

compromise bone quality and lowers peak bone mass thus increases the likelihood of 

osteoporosis, however, the role of alcohol consumption in osteoporosis development 

is not clearly understood (Sampson, 2003). 

Dietary Factor 

Calcium and Vitamin D are important factors associated with osteoporosis. Body is 

unable to produce calcium so dietary supplements are recommended. For females 

above 50 years 1000mg–1200 mg of calcium supplements are prescribed (ACSM, 

2013a). Likewise, vitamin D is essential in absorbing and storing calcium where 25-

hydroxyviatmin D serum levels less than 50nmol/L or 20ng/ml are claimed to be 

deficient especially among post-menopausal women (Sunyecz, 2008, Tang et al., 

2007). Further dietary intake of 800 to 1000 IU per day is recommended in reducing 

the risk associated with fracture (ACSM, 2013a). 

Lifestyle 

Sedentary lifestyle is a significant contributor in the promoting osteoporosis. Studies 

have revealed that lack of physical activity due to the rapid urbanization have 

increased the incidence of osteoporosis tremendously. Studies have revealed that 

sedentary life style increases the fat mass of the body which negatively impacts 

BMD and thereby causes the weaknesses of bone (Singh, 1998). Moreover, high 

intake of alcohol, caffeine and excessive cigarette smoking are among the 

contributing factors of OP (Weaver et al., 2016, Nikander et al., 2010b). 

1.5.2 Secondary Factors 

Secondary factors associated with OP are generally medication induced and disease 

induced. Females on long term use of glucocorticoid, immunosuppressant drugs, 

heparins, anti-convulsants, proton pump inhibitors and other related drugs (Panday et 

al., 2014) are prone towards OP. On the other hand; 1) endocrine disorder that 

disrupts the process of bone resorption and bone remodeling disturbing the 
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osteoblast and osteoclast activities such as hyper and hypothyroidism, 2) 

gastrointestinal diseases; Crohn Disease, hemochromatosis, bronze diabetes 3) 

hematological disorder; leukemia, thalassemia, lymphoma and 4) musculoskeletal 

diseases; rheumatoid arthritis and other diseases such as stroke, depression (IOF, 

2015). 

1.6 Pathophysiology of Osteoporosis 

Bone Remodeling in Adults 

The mechanism of bone remodeling in adults occurs by the basic multicellular units 

(BMUs) that primarily comprised of osteoblasts, osteoclasts, supported by blood 

vessels, nerves and connective tissues (McNamara, 2009).  Osteoblasts and 

osteoclasts regulated the bone growth by ‗coupling‘ fashion such that osteoclasts 

resorb the bone mineral by degrading the matrix while osteoblast lay down to 

generate new bone matrix in that area, subsequently mineralizes the bone (Aaron et 

al., 2000)..  

Biochemical Factors in Bone Metabolism 

Although, there are certain intercellular growth factors that contributes to signaling 

stimulation for bone formation. Moreover, osteocytes as the main regulators of bone 

modeling sense the stimulating signals by through endocrine, autocrine and paracrine 

signaling factors to other bone cells in order to modulate the function of BMUs. 

Furthermore, there are important receptor activators such as RANK-RANKL and Wnt 

that are important for bone regulation.  

Imbalance of Coupling Cells 

As the life span of adults increases, an imbalance between bone resorption and 

formation results in deterioration of bone architecture therefore leads to osteoporosis. 

In turn, the decreased ability of osteoblasts for bone mineralization leads to the 

thinning of trabeculae and cortical bone. Subsequent to osteoporosis, the net outcome 

of bone remodeling imbalance increases the bone fragility. Therefore, essential 

pharmacological and therapeutic approaches are required for the maintenance of bone 

strength for fracture prevention and increased quality of life. 
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Role of Estrogen 

Estrogen plays a critical role in pathogenesis of osteoporosis among post-menopausal 

women, as natural decline in estrogen level indicate an increase risk in developing 

the disease due to degradation of bone mass resulting to an imbalance in the 

osteoclastic osteoblastic activity leading to diminished mechanical loading (Raisz, 

2005). As the function of ovaries diminishes in post-menopausal women the greatest 

proportion of bone loss occurs in the cancellous bones usually found in the vertebral 

bodies and metaphyses of long bones hence increasing the risk of fracture (Ismal, 

1997). 
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Figure-1: The pathogenesis of osteoporosis (adapted from Raisz, 2005) 
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1.7 Bone Mineral Density 

BMD  is defined as the average concentration of bone mineral per unit area of bone, 

measured by using T-scores and Z-scores which rely mainly on Standard Deviation 

(SD) (Kanis et al., 2013). It is the measurement of the normal variability among the 

healthy population (Wright et al., 2014). A Z-score of zero indicates that the patient 

reading is exactly the same as the mean of the normal population where as a value of 

+2 to -2 shows either an increase or decrease in the value from a mean value of a 

normal population. A T-score on the other hand shows a number of S.D below the 

mean value of the same age group population. A T-score of 0 mean a patient has 

BMD value exactly same of the mean value of the population and value of -2.5 

suggest a BMD less than the mean value of the population of the same age (NIH, 

2015). 

Several method of imaging haven been developed to calculate the BMD that are as 

follow such as Dual Energy X-ray Absorptiometry DXA, Quantitative Computed 

Tomography (QCT), Morphometry and biochemical markers. 

1.7.1 DXA scan as a measure for BMD 

DXA is the most authentic tool for measuring the BMD of patient and according to 

WHO criteria for diagnosis of OP, the value of DXA scan as T- score of ≥ -1.0 is 

considered as normal, value ≤ -1.0 and ≥ -2.5 osteopenia ≤-2.5 is osteoporosis and ≤ 

2.5 with fragility fracture is diagnosed as severe osteoporosis (Guglielmi and Scalzo, 

2010). The value of BMD is obtained by calculating the value of bone mineral 

content (BMC) in the projected site measuring in square cm thereby the value 

obtained is in gram of BMC in per square of bone area measuring in cm (g/cm2). The 

two most common site of measuring BMD includes central and peripheral. 

1.7.2 Measuring of Peripheral BMD through DXA 

Calculating the BMD at the peripheral site of skeleton (distal radius and calcaneus) 

provides a tool for predicting future radius and spinal fractures as calcaneus BMD is 

a predictive factor for future spinal fractures (Pisani et al., 2013). According to the 

study conducted in 2005 a moderate correlation of around 0.5 to 0.6 is present 

between the axial and peripheral BMD and in almost 40% of the cases diagnosis of 

severe osteoporosis with associated red flags like disease induced osteoporosis may 
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require further evaluation (Blake et al., 2005). 

1.8 Gait 

Gait is defined as a bipedal locomotory activity with a period of double support; when 

both the lower extremities are in contact with floor, accompanied alternatively by the 

support of one limb while the other is swung forward that is the alternate loading and 

unloading of lower limbs (Thakurta et al., 2016). 

1.8.1 Temporal-Spatial Parameters of Gait 

Gait is highly dependent on the measurement of number of temporal-spatial 

parameters, providing quantitative analysis to diagnose impairments, monitoring the 

progress in rehabilitation program and predicting the risk of fall among groups of all 

ages (Qi et al., 2014). Alterations in the gait parameters are directly associated with 

the age and disability (Löfgren et al., 2013). Moreover, time (temporal) and distance 

(spatial) parameters of gait are essential in being used for screening purpose, 

performance measure, monitoring the efficacy and normalization of other gait 

measurement (Kirtley, 2006). Together, cadence, gait velocity and stride length are 

termed as Temporal-Spatial Parameters (TSPs) of gait. Among all the TSPs gait 

velocity and cadence that are known as fundamental pillars shall be discussed in 

detail in this thesis: 

Cadence 

The number of steps taken per minute is defined as cadence. Patients with any 

deviations are measured and assessed through it (Cham et al., 2008) where an 

increase in cadence may indicate the improvement in walking abilities and vice 

versa. In addition, cadence is directly associated with the intensity and helps to 

recognize different patterns of walking attitudes in free-living environment by 

following the time spend at a higher level (Barreira et al., 2012). Moreover, cadence 

is considered as an important objective measure of functional mobility and is 

virtually affected in all patients with gait abnormalities (Durward et al., 1999). 

Gait velocity 

Gait velocity is a potential marker of functional status of an individual (Peel et al., 

2013). It is defined as the distance travelled per second (m/s). It is one of the physical 

performance measures that is suitable to be applied in the clinical evaluation of gait 

speed as it inexpensive and reliable measure of functional capacity (Peel et al., 
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2013). In addition, every individual has their self-selected speed that is highly 

dependent on the environment, type of floor, footwear and disability. Moreover, gait 

velocity is dependent on stride length and cadence where an increase or decrease in 

any one of the parameters may be influenced not only among adults but also toddlers 

(Looper and Chandler, 2013). Furthermore, gait velocity is a useful screening tool 

risk to identify value of health related outcomes such as quality of life, physical, 

functional, cognitive decline and falls (Peel et al., 2013). 

1.8.2 ActivPAL as an Indicator of TSPs of Gait 

With the paradigm shift from subjective measurement of approach to objective 

measurement the assessment of PA through wearable technology has created 

remarkable opportunity to observe and quantify physical measures and sedentary 

behavior. Understanding of these devices with respect to measurement properties is 

imperative in daily living. Recently some studies have highlighted the use of 

activPAL, an accelerometer which has been used in not only healthy individuals but 

ongoing age-related research projects.  

ActivPAL is a tri-axial accelerometer that measures PA in vertical, antero-posterior 

and medio-lateral axis. It is used to determine posture and sedentary behaviors i.e. in 

sitting, standing, lying and stepping, based on an individual‘s acceleration (Schrack et 

al., 2016). Previously a study was conducted to examine the patterns of sedentary 

behavior and physical function in community dwelling older adults during all waking 

hours, measured through activPAL and sedentary behavior questionnaire (Gennuso et 

al., 2016). It was revealed that the pattern of sedentary behavior was important that it‘s 

total time. However, sedentary behavior questionnaire had acceptable test–retest 

reliability but poor validity compared to activPAL measured sedentary behavior. 

Moreover, the study provides further evidence for the association between sedentary 

behavior and physical function, also describes where older adults are spending their 

sedentary time. 

Considerations of using the activPAL in adult population suggested that activPAL is 

one measurement device that has an exceptional direct observation for posture 

transitions. Such use of the device in physical activity and sedentary behavior has 

increased rapidly in recent years. It was revealed that higher percentage of studies 

have favored activPAL to monitor 24 hour per day during walking, sleeping hours 
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and water-based activities as a continuous wear protocol. Hence, it demonstrated the 

excellent reliability and validity of activPAL for use in both PA and sedentary 

behavior (SB) research with exciting possibilities to advance SB research specifically 

(Edwardson et al., 2017). In addition,  Pfister et al. (2017) suggested to use activPAL for 

measuring SB as it is more accurate in capturing this domain of PA. Interestingly it is 

important to measure activity patterns by using adequate equipment to obtain valid 

results. Yet it is necessary to standardize activity monitoring protocols of PA and 

report on common variables across studies and instruments (Taraldsen et al., 2012). 

However, there are limited evidences in this regard due to lack of standardized 

outcome measures. Hence, a modern and efficient tool for multi-factorial evaluation 

of TSPs is important that may serve as an effective option for patients with gait and 

balance disorders (Salzman, 2010). 

1.8.3 Temporal-Spatial Parameters of Gait and Osteoporosis 

It has been estimated that on an average 5000-15000 steps are taken in a day that 

makes 2-5 million steps per year (Kirtley, 2006). These values are highly dependent 

on the age, physical activity, disability and disease. In a study conducted on 228 

women, the average number of steps decreased from 9300 to 7300 as the age 

progressed from 25 years to 74 years (Sequeira et al., 1995). Literature reveals that 

normal walking speed decreases after 70 years where a decline of 15% was observed 

(Kirtley, 2006). Moreover, as the age progresses a slow shorter step length and swing 

phase time was observed when compared to young adults who walk with freely 

chosen speeds. Moreover, it was indicated that decreased walking velocity and step 

length are associated with aging, fear of falling, and reduced Health related Quality 

of Life (HRQoL) and level of PA (Löfgren et al., 2013). However, these kinematics 

reductions are associated with age-limiting factors and adaptations. Although it is 

already indicated that differences in the gait parameters of young and older adults 

may be attributed due to age but require a valid analysis of TSPs to comprehend the 

change in gait due to associated diseases such as osteoporosis. Osteoporotic 

individuals showed changes in muscle strength and muscle mass due to age 

associated decrease lean mass and increased fat mass (ElDeeb and Khodair, 2014, 

Waters et al., 2010). Fewer studies documented that individuals with low BMD tend 

to have slower gait speed but large step and stance time (ElDeeb and Khodair, 2014, 

Lindsey et al., 2005). In addition, osteoporosis has been linked to a number of morbid 
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outcomes in older adults such as falls, fractures, and functional decline (Waters et al., 

2010).  Moreover, there was low emphasis on amplitude of the gait cycle leads to the 

way to future investigations by using valid and modern gait analyzing tools (DeVita 

and Hortobagyi, 2000). 

1.8.4 Gait Stability Ratio 

Gait Stability Ratio (GSR) is the reciprocal of cadence (steps/second) and gait 

velocity (meter/second), expressed in units of steps/seconds. It provides an indication 

of walking stability per unit of distance in a gait cycle; although limited studies have 

documented GSR yet it is crucial to identify the dynamic component of walking in 

older adults (Cromwell and Newton, 2004). 

1.8.5 Gait Stability Ratio and Osteoporosis 

Functional gait perseverance is important to maintain mobility and enhance physical 

performance among older adults. Aging adaptations in older adults is characterized 

by restricted lower extremity joint motion and decreased capacity for moving the 

body forward. Previously, an investigation showed a measure that accounts for 

changes in walking velocity and step length by investigated the relationship between 

walking stability and measures of balance in older adults. Individuals‘ velocity, 

cadence and GSR were measured on berg balance scale (BBS) and 10 meter walk test 

(10MWT). Findings of the study concluded average measures of cadence, walking 

velocity and GSR across three walking trials of each variable of participant. However, 

internal consistency of walking velocity and cadence demonstrated good reliability of 

these measures whereas significantly decreased walking velocity and increased in the 

older adult group. Furthermore, it was concluded that GSR provides a better 

indication than walking velocity for assessing balance deficits during walking in 

adult population (Cromwell and Newton, 2004). Similar results were obtained while 

measuring cadence, gait velocity and GSR on 8 foot and 20 foot walk test among 

adult population. Although environmental constraints were there yet 8 foot walk test 

is clinically significant (Newton et al., 2006). Further it was endorsed that gait stability 

declines slowly but progressively with age as decrease GSR leads to the increase risk 

of fall among elderly. Thus, low-cost and easily used wearable sensors can be used to 

quantify the gait parameters in order to facilitate the clinical monitoring and 

beneficial objective measure tool in rehabilitative pathway (Iosa et al., 2014). 
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1.9 Dynamic Balance 

Balance is a fundamental motor skill, essential for daily routine activities, may be 

described as postural control that is capability of body to retain equilibrium, hence 

achieving, maintaining and restoring the state of balance after the shift of bodily 

segments during an activity or in acquiring posture. The reactive and predictive 

postural control strategies involved fixed and change in supports which are the 

important components of achieving balance ability (Ludwig, 2017, Pollock et al., 

2000). Adequate balance control and reliable sensory input from the well-functioning 

central nervous system are essential factors that provide feedback to withstand 

internal and external volitions in order to maintain equilibrium (Horak, 2006). 

Subsequently, postural balance requires a neuromuscular control process which 

purposefully activates the postural musculature that results in measurable postural 

sway (Ludwig, 2017). 

1.9.1 TUG as an Assessment Tool of Dynamic Balance 

Another common method to assess dynamic balance in older adults is timed up and 

go test, often described as TUG is used to estimate functional ability in elderly (de 

Abreu et al., 2009). TUG is related to the sequencing of essential mobility skills that 

requires straight-ahead gait and adequate balance control. In addition, a score of > 14 

seconds on the TUG is associated with increased risk of falls in older adults (Mancini 

and Horak, 2010, Salarian et al., 2009). It measures both gait and balances as test is 

reliable and valid to indicate correlation between time to complete individual‘s 

independence in transfer activities, balance or activities of daily living (Health, 

2017). TUG measures functional mobility and showed large responsiveness in a 

geriatric rehabilitation setting and has moderate to strong correlations with functional 

ability. It has shown to be a useful assessment tool as it does not suffer from ceiling 

or floor effects (Coakley, 2016). 

1.9.2 Dynamic Balance and Osteoporosis 

Among the osteoporotic patients an increase in risk of musculoskeletal injuries is 

extremely high due to loss of independence. Furthermore, number of studies have 

implicated that the deterioration of musculoskeletal function among adult population 

leads to deficits in stability and balance control due to the loss of muscle strength and 

mass, hence increases predisposition to falls. Moreover, it was documented that low 
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manual muscle testing scores are significantly related to an older adult‘s posture and 

balance control, indicating the status of fall (Hsu et al., 2014) Balance control is a 

major requirement for postural stability as it is the most affected component with 

aging with an increased incidence of up to 50% in older adults aged > 80 years. 

Although impaired balance and increased body sway are imperative in predicting risk 

of fall in post-menopausal women due to increased risk of osteoporotic fractures, 

typically due to combination between fall risk and diminished bone strength 

(Hamoud et al., 2017). However, reduced bone mass in older population can cause 

progressive micro-fractures that may results in loss of vertebral height due to gross 

vertebral compression and spinal deformities such as kyphosis. Another deformity 

that may contribute to aging is hyperkyphosis, represented as forward head posture, 

protraction of scapula, reduced lumbar lordosis and standing height, such aspects are 

associated with reduced gait velocity, impaired mobility and poor balance. Likewise, 

along with balance control, flexibility is necessary to counteract the external forces of 

gravity with respect to spinal alignment and adequate muscle strength. Furthermore, 

reduced range of motion (ROM) and coordination that affects body‘s balance is a 

sequence of aging and osteoporosis in general. Thus, optimal exercises and balance 

training are essential in the management of osteoporosis related deformities (Hsu et 

al., 2014). 

Impaired balance control is due to the consequences of age related degeneration, 

FOF, pain and cognitive impairment, also the variety of diseases common with older 

age affect body systems and function involved in the balance control (Howe et al., 

2011, Li et al., 2015). Consequently, in postmenopausal women, increased body 

sway and loss of balance are important risk factors. Moreover, the increased 

incidence of osteoporotic fractures and diminished bone strength leads to greater risk 

of fall. Thus, prevention of fall is essential in the management for postmenopausal 

women as it is considered as a significant source of disability affecting the quality of 

life  (QoL) as well as psychological health (Hamoud et al., 2017). 

Health professionals should have sound knowledge and profound understanding in 

balance assessments as it is crucial for the assessment of risk of fall and treatment 

evaluation. Furthermore, different balance tests including static and dynamic balance 

are important to comprehend association between the balance and risk of fall (Dunsky 

et al., 2017). In addition, static balance is the ability of body to retain an upright 
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posture, keeping the line of gravity within the base of support, hence maintains the 

equilibrium, whereas dynamic balance maintains body stability during shifting of the 

weight or while changing the base of support (Karimi and Solomonidis, 2011).  

Conversely, dynamic balance control is essential to evaluate different threats during 

their daily activities and dynamic states (Hemmati et al., 2017). Previous studies 

revealed that poor dynamic balance not only increases the risk of fall but leads to 

difficulties in performing ADLs. Therefore it is important to investigate functional 

status of individuals with osteoporosis (Madureira et al., 2007, Sinaki et al., 2005).  

1.10 Fear of Fall 

Falls related to fracture are highly prevalent among the community dwelling older 

adults with a prevalence of 20 to 60%. The main risk factors associated with FOF is 

old age (Scheffer et al., 2008), females (Stevens et al., 2008), previous fall history 

and environmental hazards (Legters, 2002), gait problems and poor balance (Tinetti et 

al., 1990). Every year one in every three adults aged 65 and older sustains fall 

(Sekaran et al., 2013, Hausdorff et al., 2001b) where the risk increases with a 

previous fall among community dwelling adults ranged from 21% to 85% (Scheffer 

et al., 2008, Zijlstra et al., 2007). Almost half of the fallers experience a repeated fall 

within one year of time where almost 10-15% falls are experienced due to fracture 

(Berry and Miller, 2008). Fall related injuries are reported 50% more in women when 

compared with men (Stevens et al., 2008). Fear of fall is usually associated in 

impaired activities of daily living (Delbaere et al., 2010), decreased quality of life and 

an increase in risk of fall (Zijlstra et al., 2007). Recently in a systematic review 

(Okubo et al., 2017) highlighted that gait and balance are directly related to FOF 

among individuals less than 60 years of age. A number of scales have been 

developed to assess participant‘s perception regarding fall while performing the 

activities of daily living. 

1.10.1  Fear of Fall & Falls Efficacy Scale International 

(FES-I) 

Falls Efficacy Scale International (FES-I) evaluates the concerns regarding falling, 

was derived from FES scale, has shown excellent reliability (Chronbach‘s α=0.97, 

test retest = 0.94) and validity (Yardley et al., 2005) where higher score indicated 

increased concern regarding fall. Interestingly in a study conducted on 500 
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Figure-2: Physiological fall risk among 500 community 

dwellers (adapted from Delbaere et al., 2004) 

community-dwelling individuals showed that adult population either underestimates 

or overestimates the risk of fall. Therefore, the physiological and perceived risk of 

fall was strongly associated with the probability of fall when measured in FES-I 

(Delbaere et al., 2004). 
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1.10.2  Fear of Fall and Fractures 

The prediction of risk of fracture among osteoporotic females a facture index is 

developed by osteoporotic fracture research group. The index is used by physician 

and clinician to foresee the risk of fracture, it is self-administered questionnaire which 

take into account several major established risk factors like age, personal history of 

fracture, dietary habits (such as alcohol consumption and smoking) weight and 

mobility. The instrument includes 7 questions with a maximum possible score of 15 

with BMD and 11 without BMD. A score of 6 and greater in case of Bone Mass 

Density measurement and 4 or greater without BMD measurement should be 

recommended for further investigation that may include radiographic evaluation, 

chemistry profile test for thyroid, serum and urinary calcium level, vitamin D test 

and bone turnover markers that may help to rule out any secondary cause of 

osteoporosis that could be either medication or disease induced (Sambrook and 

Cooper, 2006). 
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Figure-3: The risk of fracture rate per 10,000 per year and 

risk of fractures 

(adapted from Sambrook & Cooper, 2006) 
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1.11 Physical Activity and Training on Osteoporosis 

Basic life style modification such as healthy diet, regular physical activities, 

reducing risk of fall, nutritional and dietary counseling and modification, early 

screening and bone loss prevention strategies are essential strategies not only for 

preventing osteoporosis but indeed in the prevention of the osteoporosis fractures 

(Lin et al., 2015) Although certain anti-resorptive and anabolic agents play an 

essential role in increasing the BMD and reducing the associated fractures but these 

agents are expensive and has other side effects (Kelley et al., 2013). However 

sedentary life style condition and reduction in physical activity are the two major 

factors associated with loss of BMD (Lee et al., 2015). Physical exercises constitute 

in general, preventive measures of osteoporosis before the manifestation of disease 

and may promote health benefits among osteoporotic individuals. Physical activity 

exerts the mechanical forces on bone and muscle through ground reaction forces thus 

resulting in maintenance and gain of bone mass. However, an appropriate exercise 

protocol based on frequency, intensity, time, type and environment on bone health of 

postmenopausal women is still unspecified (Moreira et al., 2013, Vieira et al., 2013). 

Caspersen et al. (1985) explain physical activity as any bodily movement occur 

results in energy expenditure and training or exercise is planned, structured and 

repetitive bodily movements to increase or preserve physical fitness. Regular 

exercise is probably the only method that may prevent osteoporotic fractures, the 

true end point of the entire osteoporosis problem, by preventing both osteoporosis 

and falls. The evidence seems stronger for exercise preventing osteoporosis. Human 

and animal studies have shown that physical activity can increase bone mass, 

density, and strength. The bone preserving action of exercise in adulthood may be 

important in maintaining bone strength and preventing osteoporotic fractures since 

only small percentages of bone mass and density preserved result in significant 

reductions in risk of fracture. The osteogenic effects of exercise are clearly site 

specific—that is, the effect is normally seen in only in loaded bone sites, but the 

type, frequency, intensity, and duration of exercise that best produce the desired 

bone changes are not yet well determined. 
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1.11.1  Aerobic Training and Osteoporosis 

Aerobic exercises have been debated for more than three decades, Nikander et al. 

(2010b) suggested that aerobic exercises regime of moderate are less demanding and 

can thicken the vulnerable cortical regions of femoral neck. Subsequently, in a 

longitudinal study on cyclist and non-athletes, Nichols and Rauh (2011) found that they 

have low BMD and high risk of fractures, hence suggested high impact activity such 

as weight lifting and plyometrics in order to minimize bone loss. However, cycling 

can be recommended in postmenopausal women for the improvement of general 

health alongside high impact activity and strengthening exercises. Similarly, a meta-

analysis conducted by Martyn-St James and Carroll (2008) concluded that singular 

exercise therapy has insignificant effect on BMD; therefore combine form of exercise 

interventions may be beneficial in adequate skeletal loading and thus preserving the 

BMD. In addition, Velez et al. (2008) reported that  moderate impact exercises 

significantly improves BMD among both runners and swimmers whereas more 

improvement was found among the runners. Moreover, Chien et al. (2000) 

investigated the high   impact loading of aerobic exercise in 24 week program among 

postmenopausal osteopenic women on treadmill waking above 70% VO2 max 

followed by the stepping exercise. Participants were evaluated on flexibility testing, 

muscular strength, endurance, body composition and cardiopulmonary fitness. 

Results of the study revealed that combination of high impact exercise with aerobics 

at moderate intensity were effective in increasing BMD and enhancing physical 

fitness in postmenopausal women. Furthermore, Basat et al. (2013) evaluated the 

effects of strengthening and high-impact exercises on bone metabolism and quality of 

life among postmenopausal women. Participants were allocated in three groups which 

included high-impact exercises, strengthening and no exercises. The exercise 

intervention was based on supervised one-hour session, three times a week for six 

months. Investigation of the study showed significant increase in BMD of the lumbar 

spine and femoral neck as well as quality of life among high-impact group in 

comparison to strengthening and control groups. Similarly, it was suggested that 

supervised exercise training is effective in bone loss prevention and improvement of 

health-related quality of life in postmenopausal women. 
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1.11.2 Resistance Training and Osteoporosis 

Resistance  training using major muscle groups with 8-10 exercises for two or more 

nonconsecutive days per week is recommended for adults as muscular strength and 

(Liu-Ambrose et al., 2010, FitzGerald et al., 2004), bone density (Bemben and 

Bemben, 2011, Vanni et al., 2010) and insulin phenomenon (Ng et al., 2011) can be 

improved by a regular resistance or weight training program. In addition to the 

aforementioned merits, resistance performance was enhanced after regular resistance 

training  (Santos et al., 2012, Fatouros et al., 2005, Santos and Janeira, 2012). 

Considering the aspect of muscular performance, multiple sets or sessions of 

resistance training were superior to one single set or session of resistance training 

because of more training volume or loading (Bottaro et al., 2011, Krieger, 2010). 

However, in contrast to the above-mentioned studies regarding multiple bouts of 

aerobic exercise and dose- response from multiple sets vs. one single set of resistance 

exercise, only few studies have examined whether there was any difference for 

muscular strength performance and resistance capacity between one single bout and 

multiple bouts of resistance exercise with equal training volume. 

1.11.3  Osteoanabolic Exercises and Osteoporosis 

A number of combinations of exercises have been documented in the literature. 

Howe et al. (2011) examined the effectiveness of exercise interventions in prevention 

of fracture and bone loss among postmenopausal women. The review concluded that 

combined exercise intervention based on aerobic, resistance and high impact 

exercises were found to be more effective for BMD of spine. Moreover, it was 

concluded that progressive strengthening was found to be significantly effective type 

of exercise intervention on BMD of femoral neck. Furthermore, the review implies 

the best estimation that is individuals engaged in combined exercise intervention 

types has 3.2% less bone loss on average in comparison to physically inactive 

individuals. According to Cosimo Roberto Russo (2009), the combination of 

aerobics or endurance exercises with resistance exercises produce osteogenic effects 

as aerobic training preferentially stimulates protein synthesis whereas resistance 

exercises stimulates synthesis of the miofibrillar proteins involved in muscle 

contraction, thus dynamic osteogenic loads of combined exercise intervention can 

prevent aging associated bone fragility. Similarly, resistance training and weight-

bearing aerobic exercises were previously recommended to maintain bone health due to 
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the osteogenic effect (Kohrt et al., 2009). Furthermore, Almstedt et al. (2016)  reported 

the effectiveness of combined exercise training protocols to address comorbidities 

such as type-II diabetes, obesity, cardiovascular disease and  osteoporosis.  Besides, 

high impact activities and resistance training shown positive impact on lumbar spine 

BMD as well as significantly improves neuromuscular function, coordination and 

balance among older adults ultimately reduces the fracture risk and enhances walking 

ability (Marques et al., 2012, Englund et al., 2005).  
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2.1 Physical Activity and Exercise Participation 

Physical activity (PA) and exercise participation are the foundation for  preventing 

and managing musculoskeletal diseases including osteoporosis due to its effectiveness 

in performing the activities of daily living (ADLs) and independence (Sallis, 2015). 

Precisely, the substantial levels of PA is integrated with the better physical condition 

and enhanced HRQoL (Bauman et al., 2016, Rejeski and Mihalko, 2001) whereas low 

levels of PA leads to poor health consequences (Healy et al., 2008) leading to 

increased mortality (Koster et al., 2012). In addition, the sedentary behavior 

especially among women has increased the health concern among the clinicians and 

researchers due to its deleterious associations with increased risk of fracture 

accompanying with significant morbidity among the osteoporotic population(Kanis, 

1990). 

With the increase in life expectancy, a progressive decline in PA among older adults 

is reported where walking  is predominantly recommended and practiced (Hulteen et 

al., 2017, Nikander et al., 2010b) leading to positive health outcomes (Langsetmo et 

al., 2012, Chodzko-Zajko et al., 2009). Furthermore, different approaches to 

enumerate the quantification of ambulatory activity are now being shifted from 

subjective to objective assessment. Moreover, a trial conducted in 2017 concluded 

that the progressive and specific balance training program had a significant impact on 

objectively measured PA levels among osteoporotic individuals. Furthermore, it was 

suggested that PA is vital for osteoporosis by reducing loss of BMD and may be 

regarded contributing to maintaining the bone mass and reducing age-related diseases 

(Dohrn et al., 2017).  

In addition, older adults are advised 150 minutes/week of moderate to vigorous 

intensity of PA (Nelson et al., 2007) where walking, strength training and balance 

exercises were essential in reducing the fracture and fall related risk. Interestingly 

researchers have reported a slower gait, reduced balance, decreased quality of life and 

cadence where less than 5000 steps/day is taken by these individuals (Dohrn et al., 

2016). Similarly, a balance training program established by Halvarsson (2015)  shows 

that older adults aged 65 years and above improved fall related concerns, gait speed, 

balance performance and physical function when compared with controls. 
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The essence of objective assessment is its non-invasive approach, user friendly and 

cost effectiveness that has increased the popularity not only among researchers but 

also among fitness trainers (Carrasco et al., 2015). In fact, a study investigating the 

association between BMD and the amount of time spent at different levels of PA was 

measured through objective assessment (activPAL). The results of this study 

emphasized that sedentary behavior is a risk factor for bone health among women 

independent of their participation in PA (Chastin, 2014). On the contrary, Health 

Ageing Initiative (HAI) documented that the self-reported period (time) spent in 

walking is not directly linked with BMD of the lower limb parameters (Johansson et 

al., 2015). Yet, these self-reporting tools overestimated the activity levels (James et 

al., 2016). Thus as a result objective methods of assessment including accelerometers 

and pedometers are acclaimed for the quantification of PA or sedentary behaviors 

among adult population. 

2.2 Assessment of Physical Activity and Gait 

Assessment of gait is an integral component of making diagnosis and initiating the 

treatment (Conradsson and Halvarsson, 2019). Investigators have implemented 

different methods and instruments for making accurate assessments (Durward et al., 

1999). These assessments of PA is dependent on type of activity performed, the 

movement behavior and is determined by energy expenditure (EE), gait velocity, 

cadence and stride length. Therefore the PA assessment can be categorized into 

subjective or objective measurement approaches. 

2.3 Subjective Measurement of Approach  

The subjective methods for the assessment of PA is dependent upon the individual in 

order to record the activities (MET‘s) determined through the interviews, surveys, 

activity diaries, observations or self-administered questionnaire (Blythe et al., 2017) . 

The questionnaires are most frequently used method of assessment for PA and 

relatively easy to administer at a low cost.  However, questionnaires vary according to 

detail and activity level, such as short global instrument consists of a few items to 

comprehend activity levels whereas quantitative questionnaires cover the detailed 

activity history over the past year or even a life time (Strath, 2013, Welk, 2002). 

Furthermore, both questionnaire and activity diaries provides comprehensive 

calculations of Metabolic Equivalent (MET), as questionnaires often used to classify 



33 

the individuals in terms of ‗active and inactive‘ recommendations. On the other hand 

activity diaries offer detailed hourly information affecting PA behavior. Despite of the 

fact, the validity is low due to differences between individuals during observations, 

documentation or perceptions among the same activity energy costs. Similarly, 

questionnaires administered through interview tend to have higher internal validity 

and are more preferred for the detailed assessment of the activity or sedentary 

behavior (Welk, 2002). 

Moreover, in-depth interviews are worthwhile to provide profound understanding of 

PA such as their attitudes, perceptions, exercise and experiences (Patton, 2002). 

Though, low accuracy in determining the PA volume is considered as the drawback 

associated with the subjective assessment. Nevertheless, self-reporting methods often 

overestimate the activity volume due to recall bias or the presence of social 

desirability bias allied with the tendency to report PA levels corresponding to 

perceived expectations. On the other hand, certain common behaviors may also be 

underestimated among older adults especially unstructured activity and light intensity 

activity interspersed over the day (Bouchard et al., 2007). As a matter of fact, the 

statements in the questionnaire may introduce an element of bias in reporting the PA, 

for instance household activities, which in many cases are activities specific to older 

women, are sometimes excluded (Sun, 2013) that may not provide a clear picture. 

Since the last two decades Whittle (2002) described a simple method to calculate the 

average temporal and spatial parameters by using a stopwatch and measuring  tape 

where speed may be recorded by calculating the time at a known distance (Kirtley, 

2006). Traditionally, investigators measured cadence by counting the number of 

footfalls during a known time period with the help of stopwatch (Kirtley, 2006). 

Although the method described by Whittle (2002) has been used for many years and 

documented significant results for gait velocity but the limitations are documented for 

cadence (Youdas, 2005). Additionally, it was suggested stopwatch to be considered to 

measure walking speed whereas for the precise measurement of GAITRite is the gold 

standard. 
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2.4 Paradigm Shift from Subjective to Objective 

Measurement  

With the advent of modern technology accuracy became the primary concern, so the 

investigators became keen to consider more valid and reliable tools during the 

analysis of gait (Arnadottir, 2000). Moreover, it has been recommended that the 

instruments used for the clinical and research purposes should be easily incorporated 

in the clinical facilities with minimum time to analyze the results (Laufer, 2003). 

Additionally these instruments should be considered appropriate for all the genders, 

age groups (Slootmaker et al., 2009) and easily administered at the subjects own 

environment (Arnadottir, 2000). In particular treadmill is not only used for analyzing 

the gait but also for the training purposes (Hesse, 1999) although the self-selected 

speed was documented to be compromised (Hollman et al., 2004). 

In-spite of the subjective measurement, objective approach of PA is usually more 

accurate in quantification of EE and movements behavior (Welk, 2002). At present 

time, wearable movement sensors including pedometers and accelerometers are most 

frequently used objective methods to quantify the Pain terms of EE and levels. 

Pedometers basically provide evidence about number of steps taken related to 

ambulatory activity such as walking and stepping in measuring activities like walking 

and stepping through a piezoelectric phenomenon, similar to the mechanism in 

accelerometers (Strath, 2013). Pedometers are valid instruments and most frequently 

used to measure PA among older adults, however at slow or altered walking pattern, 

its accuracy can be attenuated (Strath, 2013, Corder et al., 2007). Even though, 

pedometers provide low-cost and easy to comprehend assessment, still not ideal to 

assess PA pattern or intensity of activity level (Tudor-Locke et al., 2011). On the 

contrary, accelerometers detects changes in velocity over time in one or three axis 

where values are transformed into activity counts in order to quantify the frequency, 

intensity and duration of PA (Strath, 2013, Corder et al., 2007). Furthermore, a brand-

specific and filter settings of accelerometer allows the processing of activity counts to 

eliminate the noise such as signals outside the range of human movement. The 

thresholds or the cut-points for the activity counts are observed from the calibration 

studies to classify the intensity of PA (Bassett Jr et al., 2012). However, the cut-points 

may vary across different populations whereas wide ranges were proposed to define 

the moderate-to-vigorous PA among community-dwelling older adults (Gorman et al., 
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2014, Copeland and Esliger, 2009), however optimal cut-point for these populations 

remains unclear (Gorman et al., 2014). Considerable scientific work has been 

observed in recent years in the development of pattern recognition such as sitting 

from standing, but the accuracy of these behaviors shows variations among different 

types (Bassett Jr et al., 2012). In addition to it the differences between pedometers and 

accelerometers mechanism and sensitivity threshold suggest that the values deprived 

from the sensors may not be interchanged and need to be further investigated (Tudor-

Locke et al., 2002). Most of the sensors current measurement mechanisms are 

unsuitable to quantify the additional EE in activities like swimming, cycling and stair 

climbing (Strath, 2013, Corder et al., 2007). 

Accelerometers are more sensitive than the piezoelectric pedometers in measuring the 

cadence (Foster, 2005). Grant et al. (2006)  while reporting the validity of activPAL 

suggested that a triaxial accelerometer may be a used as a valid tool for measuring the 

posture and motion during daily activities, with good to excellent Intra Class 

Coefficient of Correlation  (ICC=0.79 to 0.99). 

2.5 Temporal-Spatial Parameters of Gait for the 

Assessment of Physical Activity 

Gait velocity and cadence being one of the most fundamental and significant 

parameters are considered as quick and easy assessment tools that has been 

extensively reviewed in the literature when analyzing the gait (Hausdorff et al., 

2001a) Among all the TSPs gait velocity is considered as a primary measure to 

differentiate between a normal and an abnormal gait (McDonough et al., 2001, Cutlip 

et al., 2000). However, while analyzing the gait and determining the pathology 

cadence is as significantly affected as the gait velocity. Evidence reveals that a 

marked reduction in gait velocity and cadence may be noticed among the patients 

suffering from nearly all disorders. 

Among all ambulatory activity, walking is the most frequent PA among older adults, 

also it has been advocated that numerous health benefits are associated with regular 

walking (DiPietro, 2001). Interestingly, a decrease in kinematics and kinetics 

parameters has not only been influenced by age (DeVita and Hortobagyi, 2000) and 

gender (Whittle, 2002) but other factors such as floor/surface of walking (Kirtley, 

2006) external environment and the footwear (Kurz et al., 2008). Although, it has 
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been observed that in response to uneven surfaces and varying environments, capacity 

of walking speed is altered in order to modify gait pattern to meet the challenges of 

daily living (Rydwik et al., 2012b). Therefore, factors altering the TSPs during the 

analysis of gait and balance may be considered as important (Churchill et al., 2003). 

The age-related decline in functional ability and physiological capacity reduces the 

gait speed whereas habitual gait speed has been shown to reflect the health status 

concomitant with the survival rates. It has been advocated that gait speed slower than 

0.6 m/s indicated the likelihood of poor health function, while Studenski et al. (2011) 

revealed the predicted gait speed of 0.8 m/s in average life expectancy of community-

dwelling older adults. Additionally, gait speed is also linked with falls and falls-

related concerns (Fritz and Lusardi, 2009). A study conducted on 30 young and 40 

aged men to differentiate the changes in cadence, gait velocity and stride length 

during the backward and forward gait. A slower velocity and shorter stride length was 

observed in older age group during the forward walking whereas no significant 

differences was observed for cadence (Laufer, 2005). These results contradicted with 

the study of Ada et al. (2003) where a long term increase in gait velocity was due to 

steady increase in cadence. Moreover, a shorter stride length was also observed in 

females in both the groups accompanied by increased cadence (Morris et al., 1999). 

Despite of the fact that self-selected speed is an objective measurement approach that 

is suitable to determine predictor and outcome variable (Rydwik et al., 2012a, Fritz 

and Lusardi, 2009) yet limited literature is documented regarding it. Although several 

studies have shown a favorable response on gait velocity among older adults using 

different exercise training protocols (Giné-Garriga et al., 2014). In addition to it, 

Falbo et al. (2016a) elicited that a well-designed exercise programs have effectiveness 

in improvement of gait performance. It was further hypothesized that physical training 

seems to counteract age-related decline in physical and mental function. The study 

evaluated the habitual gait speed, stride length, and time for sensitivity to predict age-

related decline in gait instability among older adults. Similarly, Dohrn et al. (2016)  

while analyzing the association between gait speed, impaired balance, fear of falling 

among osteoporotic individuals revealed that low active individuals demonstrated PA 

level of <5,000 steps/day. Hence a slower gait speed, poor balance and low HRQoL 

was documented. Furthermore, it was revealed that self-restricted PA has been 

associated with low self-efficacy or FOF (Legters, 2002). Therefore, emphasizing on 
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the validity of self-selected and maximum gait speed (Rydwik et al., 2012a, Menz et 

al., 2004). 

Additionally,  multi-component exercise intervention have shown a positive impact 

on gait velocity (Cadore et al., 2014a) where any impairment in the   physical 

outcomes such as muscular weakness alter gait velocity (Samper‐ Ternent et al., 

2008). Thus revealing that dual-task or multi-component exercise is a sensitive and 

stronger marker of fall risk in comparison to gait velocity (Smith et al., 2017). In the 

same way, Wollesen et al. (2017) demonstrated the functional benefits of exercise 

training hence comprehended increase in walking speed and dynamic balance under 

normal and dual-task conditions. On the other hand, Brach et al. (2013) reported that 

motor learning exercise is more effective than standard exercise among older adults 

with gait dysfunction, resulted in significant improvement in gait speed. However, it 

was observed that the energy cost of walking was high among older adults with 

adequate walking speed suggesting the inefficiencies in their gait patterns. Likewise, 

VanSwearingen et al. (2011) observed that the therapeutic exercise based upon task-

oriented and motor sequence learning reduced the EE of walking, thereby increased 

gait velocity, balance and endurance in older adults. 

Elder individuals shown to have slower gait speed and shorter step length which is 

further decreased when gait variability is increased (Hollman et al., 2007). Löfgren et 

al. (2013) characterized spatio-temporal parameters of gait at comfortable and 

maximal speed under dual-task conditions respectively in older osteoporotic women. 

The outcomes of the study revealed that gait performance among older adults was 

diverged indicating a high risk of falling. Besides, gait speed has shown to be robust 

predictor of fracture incidence among older individuals (Korpelainen et al., 2010). 

The progressive training program implemented by Halvarsson et al. (2013) improved 

gait speed and step execution in community-dwelling elders under dual-task 

conditions. Moreover, the training decreased the fear of falling among individuals. 

Nevertheless, a feasible exercise program with high adherence rate and compliance is 

significant in measures of functional mobility and postural control and is effective in 

decreasing the consequences of age-related decline (Granacher et al., 2012). 

Furthermore, Tiedemann et al. (2013) explained the feasibility of adjunct therapy in 

mobility-related benefits and balance which leads significant improvement in gait 

speed and balance, thus boost the quality of life among older individuals. 
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Consequently, it is important the incorporate functional gait analysis into clinical 

evaluation to determine appropriate treatment options to determine significant 

improvement in spatio-temporal gait parameters, balance and FOF in older 

individuals (Watt et al., 2011). 

Among elderly population, frailty syndrome is characterized by the decline of energy 

reserves and decrease resistance to stressors therefore resulting in upturn 

vulnerability, for that reason an appropriate intervention is required to improve the 

muscular strength, power and functional capacity. Therefore, increase in power is 

correlated with the functional capacity, an important variable to enhance the HRQoL 

in pre-frail adults (Lustosa et al., 2011). A number of studies reported that combined 

exercise interventions provide evidence regarding significant improvements in gait 

performance and functional abilities of older individuals (Hartman et al., 2009). 

Correspondingly Cromwell et al. (2007) reported an exercise training protocol that 

involved the training of dynamic components is more suitable to incorporate in order 

to prevent deterioration due to aging thereby improving the walking ability and 

dynamic balance in older adults. 

The literature review was summarized through forest plot. As the standardized mean 

difference on the fixed effect model revealed that exercises had a favorable impact in 

improving the gait velocity further with a total sample size of 690 included in 15 

studies suggested a strong effects of exercises on SMD (0.708 95% of CI 0.533 to 

0.863). 

Following are the studies showed in the forest plot, demonstrating the impact of 

interventions on gait velocity (Figure-4). 
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Figure-4: Impact of interventions on gait velocity through forest plot at 95% CI 
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While considering TSPs of gait cadence that has been more neglected when being 

compared to gait velocity until the advent of accelerometers. Initially cadence was 

proposed as a way to quantify the intensity of walking by counting the number of 

steps per minute (Fortune et al., 2014, Rowe et al., 2011, Tudor-Locke et al., 2005). 

Initially 100 steps per minute were recommended to reach from low to moderate 

intensity in healthy adults (Tudor-Locke et al., 2005) but counting and to recall time 

spent in different activities accurately to achieve a daily step count was difficult for 

older osteoporotic females. In addition to it, if < 5,000 steps/day were achieved they 

were categorized as having sedentary behavior (Dohrn et al., 2016). 

In addition, Cadence has been directly associated with gait stability whereas 

contrasting results were obtained with the reduction in gait velocity (Maki et al., 

1995) but in the last decade with the results obtained from Cromwell and Newton 

(2004) cadence remained similar. Furthermore GSR increased in the older adult group 

emphasizing that more step are taken with age. It has been highlighted that the gait 

velocity and cadence both has been important in conditions where more number of 

steps are taken along with the increased gait velocity such as while crossing the road 

(Cromwell and Newton, 2004). However, it was presented that on young and healthy 

individual‘s optimal anterior posterior stability and the vertical stability may be 

achieved at the natural cadence. Moreover, cadence has been suggested to be under 

the voluntary control of the person which can be influenced and changed by the 

external environment (Zijlstra et al., 2007). Cadence has been directly affected by the 

leg length where a decrease ultimately increases the cadence (Sutherland et al., 1994). 

However, women has been considered to have smaller leg length due to a shorter 

height on an average, therefore the cadence may be higher up to 180 steps/min 

(Kirtley, 2006) that is not the case in Pakistan due to decrease in PA.  

Zhuang et al. (2014) evaluated that increased cadence and stride length were 

associated with improved strength of ankle dorsiflexion and hip extension. Lee et al. 

(2014) further added that both non-traditional exercise programs and traditional group 

exercises are equally beneficial in improving TSPs, thereby preventing fall in older 

adults. The findings were somehow consistent with the study of Lee et al. (2013) as 

cadence and gait velocity increased in response to non-traditional exercise training, 

besides these training programs are also helpful in reducing risk of falls and generate 

interests about exercise in safe virtual environment. Previously, Lee et al. (2012) 
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highlighted on another approach based on biofeedback balance training under dual-

task in improving gait parameters and mobility among individuals. Moreover, Löfgren 

et al. (2013) investigated relationship between gait characteristics in different gait 

conditions. Findings of the study revealed that osteoporotic individuals with fear of 

falling significantly increase their gait speed, cadence, step length and swing phase 

duration and decreased stance phase at comfortable and maximal speed. However, it 

was observed that walking with dual-task condition, cadence was decreased, and step 

width and step length variability were increased compared with single-task walking. It 

was again observed that gait of older individuals have shorter cadence, stride length 

but increased step length in order to maintain the gait stability and balance which 

leads to the secondary changes that such as wide base of support and reduced speed. 

Due to these changes, independence is lost and ultimately increases the risk of fall 

among older adults. It was further observed by Unlu et al. (2007) that gait speed, 

cadence and hip strength are important markers to identify disability among the older 

individuals associated with musculoskeletal disorders. Moreover, it was emphasized 

that supervised exercise program are more effective to increase the Physical activity. 

The literature review was summarized through forest plot. As the standardized mean 

difference on the random effect model revealed that exercises had a favorable impact 

in improving the cadence further with a total sample size of 381 included in 8 studies 

suggested a strong effects of exercises on SMD (0.695 95% of CI 0.281 to 1.108) 

(Figure-5). 
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Figure-5: Impact of interventions on cadence through forest plot at 95% CI 
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2.6. Impact of Physical Activity for Bone Mineral Density 

Quantitative analyses of multiple randomized controlled trials have been conducted in 

the literature showing that resistance and high-impact training can increase BMD of 

femoral neck approximately by 1-2% (Wolff et al., 1999). Certain studies have 

indicated that progressive resistance training is more effective for vertebral BMD 

whereas high impact activity leads to the improvement of BMD in femoral neck 

(Nikander et al., 2010a). Likewise, these trials demonstrated that bone formation in 

response to mechanical strain is age specific. A study further contributed that bone 

strength varies among postmenopausal women according to the level of PA in which 

physically active women tend to have increased bone strength, size and cortical 

thickness at proximal tibia up to 0.5%-2.5% compared to less physically active 

women (Nikander et al., 2010a). In addition to it, resistance training has been 

recommended to obtain a more consistent effect associated with increased loading to 

enhance osteogenesis (Benedetti et al., 2018). Number of trials reported that 

resistance training are intuitively more significant in resulting small positive changes 

in BMD measures of hip and the spine in comparison to control groups. Previously, 

an increase of 1% in BMD in resistance training groups was reported increased 

balance. Similarly, 1.7% of increase in trochanter BMD was documented among 

postmenopausal women during weight lifting Kerr et al. (1996). 

Therefore researchers and clinicians have been keen to highlight on the 

implementation of PA to prevent bone loss (Tourinho et al., 2008). With the 

increasing, a decrease in estrogen levels, calcium deficiency the bone becomes brittle 

and weak when compared to younger skeleton (Bjugstad, 2012, Pigozzi et al., 2009, 

Bailey and Brooke-Wavell, 2008). Therefore, the evidence regarding the PA 

established that exercise is essential to maintain the bone mass, thus decreases the 

bone resorption, improves muscular strength and enhance the quality of life which 

ultimately reduces the fracture risks and falls among the adults (Nikander et al., 

2010a, De Kam et al., 2009).  

Although both resistance training and weight bearing aerobic training have 

contradicting results and ambiguity is still among the fitness trainers (De Kam et al., 

2009). Along with the health benefits, financial benefits have also been achieved 

among these individuals.  Furthermore, Zehnacker and Bemis-Dougherty (2007) 
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analyzed that site-specific intervention required 70%-90% high loading intensity 

based on 1RM for 8-12 repetitions per 2-3 sets performed over one year increases 

BMD among postmenopausal women, emphasizing on weight bearing exercise 

programs for both osteopenia and osteoporosis. Subsequently, Von Stengel et al. 

(2007) investigated different schemes of resistance training on BMD among 

postmenopausal women in a two year longitudinal study. Pre-trained postmenopausal 

women were assigned to power and resistance training group, however both the 

groups performed periodized progressive trainings with difference movement 

velocity. Findings of the study revealed that power training is a safe method and may 

be significant in maintain postmenopausal BMD. Study further added that higher 

loading rates due to increased movement velocity is more effective at the lumbar 

spine but not at the hip.  

A review conducted by Wilhelm et al. (2012) examined the effectiveness of resistance 

exercises on physical functions and ADL‘s in osteoporotic older adults. It was 

analyzed that the intervention has large effect due to improvements in ADL‘s and 

physical function among both osteopenia and osteoporosis with greater exercise 

compliance. However, high quality evidence is still lacking in literature for further 

validity to this supposition. Similarly, Aveiro et al. (2006) conducted also showed 

significant improvement implementing 60 minutes training session based on 

stretching, ankle muscle strengthening exercises, walking and balance training thrice a 

week for the duration of 12 weeks. 

2.7. Impact of Physical Activity on Balance and Postural 

Stability  

Literature has revealed a strong association between gait and balance that are directly 

associated with the PA. In a study Lanuez and Jacob-Filho (2008) determined the 

relationship of PA on the gait of elderly individuals. Participants were divided into 

two groups; aerobic exercises (walking) while in another group  flexibility and 

balance exercises of the ten major muscle groups were given. Results of the study 

revealed that the gait initiation parameters significantly improved in both the groups; 

however group having flexibility and balance exercises showed improvement in 

posture stability and step continuity. Moreover, it was highlighted that PA such as 

walking increases the strength of lower limb and foot muscles, hence it was suggested 
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that daily walking for 40-60 minutes can be incorporated in daily routine exercise as 

low cost intervention. Therefore, it was recommended that the association and 

execution of both the intervention protocols could be beneficial for elderly gait and 

postural stability.  

Recently, Ramalho et al. (2018) analyzed the effect of periodized exercise 

intervention on gait parameters in community based older individuals. The exercise 

intervention of 6 months was combined with aerobic exercises based on walking and 

mobility and were focused more specifically on balance, lower limb strength and 

postural stability. It was concluded that the periodized exercise intervention could 

justify improvements in gait stability. Further it was suggested that the intervention 

can be prescribed by health professionals in order to promote active aging among 

older individuals. Moreover, the results recommended that tailored exercise 

interventions are effective for the improvement of older adults‘ mobility.  

Infact, a higher dose of prescribed protocol needs to be applied for more effective 

improvement in gait. Previously, the impact of aerobic exercises of submaximal 

intensity was evaluated on postural balance among postmenopausal osteoporotic 

women and non-osteoporotic postmenopausal (Gunendi et al., 2008). Subjects were 

evaluated on TUG, BBS and four square step tests in order to be enrolled in the study.  

Exercise training consisted of treadmill for 30 minutes, two times a week for the 

period of 4 weeks whereas control group did not attend the exercise sessions. 

Significant improvement in both static and dynamic balance of osteoporotic 

postmenopausal women were obtained determining osteoporosis did not modify 

balance. 

2.8. Fall-Related Concerns among Osteoporotic Women  

Recently, researchers and clinicians are keen determine the risk of fall, fall related 

concerns, and the associations with balance and gait. Moreover, a number of studies 

have adopted different protocols in order to improve balance to ultimately reduce the 

fall and improve health-related quality of life of osteoporotic individuals (Kehler, 

2014). CĂPĂŢÎNĂ (2017) suggested that osteoporotic women are more frequent 

fallers when compared with healthy age-matched postmenopausal women whereas it 

was highlighted that physical function and socio-emotional status subsequently 

affected the health-related quality of life. Another trial accompanied by Olsen and 



46 

Bergland (2014) explored the effect of a group-based exercise program and an 

educational session on the FOF among women with osteoporosis and a history of 

vertebral fracture which showed that the intervention had a positive and durable effect 

on the well-being.  Therefore, it was proposed that FOF might be more resistant to 

change thus health planners and clinical practitioners need to consider the exercise 

based interventions in rehabilitation programs for women with osteoporosis and 

vertebral fractures to improve both the physical and the psychological aspects of fall 

risk. Moreover FOF is directly associated with exercise constraint, activity limitation,  

participation restriction  and loss of independence (Resnick et al., 2014). Löfgren et 

al. (2013) endorsed an adverse impact of fear of falling on TSPs among the 

osteoporotics. In addition Hübscher et al. (2010) et al. 2010 reported that patients with 

more intense pain (NRS > 5) were 6.4 times more likely to score below average on 

FES-I scale and all physical performance tests. Therefore it was concluded that 

osteoporotic women with increased back pain intensity, increases FOF and decreases 

physical performance; irrespective of vertebral fractures and history of falls. 

Furthermore, the study confirmed that higher level of FOF has been associated with 

activity restrictions and increased likelihood of falling. 
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2.8 Rationale 

With the increase in life expectancy, women spend more time in the post-menopausal 

state leading to activity limitations mostly due to decreased temporal spatial 

parameters of gait, high risk of fracture, and imbalance in the functional parameters, 

FOF and decrease in health related quality of life. Worldwide osteoporosis is 

considered as a National Health Problem that is one of the leading causes of 

disability mainly due to sedentary lifestyle. Several physical activities and balance 

training programs have been implemented globally. Nationally limited data is 

available regarding the assessment and physical activity programs for females 

suffering with osteoporosis. To the best of the author‘s knowledge no studies have 

been conducted in the country dealing with resistance and Osteoanabolic training 

programs to improve gait using activPAL as an assessment parameter. As 

osteoporotic females are highly dependent on dynamic balance, thus to improve the 

functional status of the osteoporotic patients Osteoanabolic exercises were designed. 

Furthermore it was investigated that does this training protocol improves BMD 

through a combination of conditioning exercises.  

In addition to it, fall related concerns were addressed by Fall Efficacy Scale – 

International translated in Urdu language to prevent risk of fracture and create 

awareness in the community. 
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3.1 Research Question 

Among Osteoporotic females, does 12 weeks Osteoanabolic exercise in comparison 

with aerobic and anaerobic exercise training protocol improves bone mineral density, 

temporospatial parameters of gait, balance and fear of fall? 

 

 

3.2 Hypothesis 

i. HA: Osteoanabolic exercises are more effective than aerobic and resistance 

exercises in improving the Bone Mineral Density among adult osteoporotic 

females. 

ii. HA: Osteoanabolic exercises are more effective in improving the temporal-spatial 

parameters and Gait Stability Ratio among adult osteoporotic females. 

iii. HA: Osteoanabolic exercises are more effective in improving the dynamic balance 

and fear of fall among adult osteoporotic females. 

 

 

3.3 Objectives 

i. To compare the effects of Osteoanabolic exercises with aerobic and resistance 

exercises  in improving the Bone Mineral Density using peripheral DXA Scan an 

assessment parameter. 

ii. To compare the effects of Osteoanabolic exercises with aerobic and resistance in 

improving the temporal- spatial parameters of gait and Gait Stability Ratio among 

osteoporotic females 

iii. To assess the effects of Osteoanabolic, aerobic and resistance exercises in 

improving dynamic balance measured by Timed Up and Go test among 

osteoporotic females. 

iv. To identify the effects of Osteoanabolic, aerobic and resistance exercises in 

improving fear of fall with FES-I Questionnaire. 
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3.4 Operational Definition 

Bone Mineral Density 

Bone Mineral Density (BMD) is defined as the average concentration of bone 

mineral per unit area of bone, measured by using T scores of -2.5 or below SD. 

Gait Velocity 

Distance travelled by osteoporotic females measured in a second (meter/sec) that is 

measured by activPAL. 

Cadence 

The number of steps taken by an osteoporotic female in a minute time that is 

measured by objective measurement approach, activPAL. 

Gait Stability Ratio 

Gait Stability Ratio (GSR) is defined as the ratio of cadence (steps/second) to gait 

velocity (meter/second), expressed in units of steps/seconds. 

Dynamic Balance 

Dynamic balance is measured through Timed Up and Go Test to estimate functional 

ability 

Fall Efficacy Scale- International (FES-I) 

Fear of fall is estimated through a 16 itemed Fall Efficacy Scale-International to 

predict the risk of fall.  
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4.1 Research Design 

Single Blinded, 3-arm Randomized Controlled Trial. 

4.2 Study Setting 

The study was conducted in Out-Patient Department of Rehabilitation Sciences, 

Ziauddin Hospital (North and Clifton). This tertiary care institution has a well-

established department with facilities required for a supervised exercise program. 

4.3 Duration of Study 

October 2017- December 2018 

4.4 Sample Size 

Sample size was calculated using World Health Organization WHO software named 

as "Sample Size Determination in Health Sciences". A total of 93 osteoporotic 

females were included in this experimental study, sample size was calculated from a 

previous study conducted in Sweden, 2015 ‗Fall-related concerns, balance and gait in 

older adults with osteoporosis‘, from the Department of Neurobiology, Care Sciences 

and Society, Division of Physical Therapy-Karolinska Institute, Stockholm, Sweden 

(Halvarsson, 2015) where the level of significance was kept at 5% with 80% power of 

the test, mean and SD from above mentioned study was considered for sample size 

calculation. 31 participants were divided into three respective groups as per the 

formula given below: 

                         N= σ2 (Z1-α/2. Z1-β) 

                                     µo-µa 

 

4.5 Sampling Technique (Randomization) 

Participants were randomized into three groups using the ballot system to obtain equal 

number in each group. The two important attributes associated with concealment in 

randomization were fulfilled where the researcher was not allowed to predict the 

allocation of participant in the group neither he was allowed to change the allocation in 

any of the three groups. The technique involved 93 envelopes bearing the name of all 

three exercises such as aerobic, resistance and Osteoanabolic exercises providing 
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equal chance to enter into any of the recommended protocol. Neither the blinding of the 

participant nor the therapist was possible due to the name of intervention written in 

the envelope. But the author of the thesis who carried out the entire process of 

assessment was blinded regarding the allotment of the group by providing coding on 

the assessment forms. 

4.6 Recruitment of Participants 

Initially, a list of potential female candidates and the contact details were taken from 

the hospital database and all those who were diagnosed osteoporotic and were referred 

for physical therapy were invited to participate, or all those directly entering the 

department of rehabilitation sciences was welcomed. The invitations were sent in-

person and over the telephone. The participants were given 3 working days to decide 

regarding their participation in the research study. Consent forms were given in both 

Urdu and English languages before their willingness in the study.  

Inclusion/Exclusion Criteria: A total number of 105 osteoporotic females were 

contacted for this trial, 07 showed their unwillingness to participate and only 5 could 

not complete the trial in all the three groups. Two females could not complete due to 

personal issues, one had a fracture due to fall in the kitchen in the first week whereas 

the remaining two could not fulfill the screening criteria on the basis of Physical 

Activity Readiness-Questionnaire and YOU (PARQ & YOU) by answering one yes 

out of seven questions. Postmenopausal osteoporotic females aged 50-75 years, not 

participating into the any exercise program for past 3 months independently 

ambulatory and with stable heart conditions were included in the study. Red flags that 

limits the recruitment of participants in exercise program for example vertebral 

fracture, malignancy etc were excluded from the study. Moreover, patients suffering 

with cardiac disease, mental disorders and neurological disorder associated with high 

risk of fall such as stroke, parkinsonism, dementia, Alzheimers and other diesaes.  

Those females experiencing fall-related fracture, moderate to severe dementia 

(MMSE < 24), severe vision issues and any other disease that limits the participant to 

perform the prescribed protocol. 
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Ninety-three osteoporotic females were included in this study where participants were 

randomized by ballot system into three groups: group A aerobic training, group B 

resistance training and group C Osteoanabolic training. Participants were over 

recruited in order ensure that the power of study is not compensated and the loss to 

follow up of 12 weeks training protocol is not compromised. Fortunately, after the 

drop outs in the aerobic and Osteoanabolic group 31 participants remained in all the 

groups. 
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Total no. of 
Participants 

contacted (n = 105) 

Refused    n= 7 

Screening  n = 5 
Eligibility 

Randomization 

N=93  

Allocation 

Group A (n = 31) 

Aerobic Training 

Group B (n = 31) 

Resistance 

Training 

Group C (n = 31) 

Osteoanabolic 

Training 

Outcome Measures Assessed 

activPAL FES-I 
Peripheral DXA 

scan 
TUG 

Figure-6: Flow chart depicting the framework of the study 
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4.7 Ethical Consideration 

This study was conducted in accordance to the declaration of Belmont report for 

Ethical decision making. It was approved from the Ethical Review Committee of 

Ziauddin University  (ERC Ref Code. 0371017AAPT)  and Board of Advance 

Studies. 

4.8 Informed Consent 

All the participants recruited in this research were completely on voluntary basis. A 

written consent form that was translated in both Urdu and English (as per the need of 

the participant) was signed by the participants before participating in the research. The 

participants were also ensured that they can withdraw at any time from the research 

without providing any justification. 

4.9 Interventional Strategies 

The interventional strategies were based on 12 weeks of exercise training protocol 

being performed by the participants in the Physical Therapy gymnasium for the 

maximum of; 6 days/week for Osteoanabolic group, 5 days/week for aerobic group 

and 3 days/ week for resistance group (ACSM, 2013b), The duration and intensity of 

the protocols were as per ACSM, FITT protocol. The exercise protocol includes 45-65 

minutes of session/ day comprising of 5-10 minutes of warm up exercises followed by 

conditioning exercises for 30-45 minutes and a cool down period of 5 -10 minutes. 

Every participant was assessed for resting Heart Rate and Blood Pressure. 

Warm up  

Warm up exercises for group A were performed by the participant on a cycle 

ergometer for a duration of 5 to 10 minutes, the protocol include cycling exercises 

that were performed with the intensity of < 55% of Maximum Heart Rate MHR 

(Henderson et al., 2017), where MHR is calculated by subtracting the age from 220. 

The purpose of warm up is to increase the body temperature and to raise the heart rate 

by 10 beats from resting heart rate (Kravitz et al., 2011). 
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Cool Down 

The process of cool down includes 5-10 minutes including deep breathing exercises to 

be performed by females while sitting on comfortable chair. During this period, 

oxygen saturation and pulse rate was monitored; the session lasted till the pulse rate of 

the participant was normal to the resting heart rate. The purpose of cool down is to 

remove the lactate accumulation from the body and prevent from muscle soreness. 

4.9.1 Aerobic exercises (Group – A) 

The protocol of aerobic training was designed in accordance with the FITT protocol as 

per the ACSM guidelines (Kravitz et al., 2011). Patients were advised to start walking 

at a comfortable speed on a treadmill (ST-8500) for the duration of 30 minutes; the 

intensity of the exercises was 55-75% of MHR, calculated by using a Karvonen 

method. During the session the females were counseled regarding the cardiac 

prodromal symptoms such as shortness of breath, dizziness, chest discomfort or 

palpitation that she may develop during exercise and were advised to immediately 

inform these symptoms to the Physical Therapist. Females Oxygen saturation, and 

pulse rate were continuously monitored during the training session through AccuMed 

CMS-50DL Pulse Oximeter. The training was performed under the supervision of the 

physical therapist; participant was advised to wear comfortable clothes that are above 

the calcaneal bone for safety purposes. Moreover, patient was advised to wear their 

routine comfortable walking shoes; where walking shoes were defined as any Velcro 

fitted or laced shoed with a height of less than 2 cm when measured from the 1
st 

Metatarsal to the floor. They were than instructed to stand in a walking position on a 

treadmill; emergency safety lead was attached on patient‘s cloth. Participant was 

given a verbal clue of ‗Start Walking‘ on a treadmill for 20-60 minutes; initially with 

the minimum intensity that was gradually raised up to intensity of Targeted Heart 

Rate (THR). Once the THR is achieved the intensity was gradually decelerated and 

patient proceeded for the cool down phase. 

4.9.2 Resistance Exercises (Group – B) 

The protocol was based in accordance with the FITT protocol as per the ACSM 

guidelines (Kravitz et al., 2011) where strengthening exercises of ten major muscle 

groups that includes Biceps, Triceps, Pectoralis Major, Deltoid, Latissimus Dorsi, 
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Abdominals, Back Extensors, Hamstrings, Quadriceps and Calf. The intensity of the 

weight bearing exercises was calculated using 1 Repetition Maximum (RM) method 

which involved the following protocol: 

The participant was asked to lift a weight of 1 kg and perform 10 repetitions. If the 

participant completed 10 repetitions than 1kg of weight was added and the same 

protocol was repeated. If the participant was unable to complete 10 reps with 

additional 1 kg weight step i was considered successful 10 repetitions (Kak et al., 

2013)  

Moreover, if the participant is unable to perform step i, ii, iii then such as failing to 

complete 10 repetitions then 60%-80% of that weight was calculated and used for 

training purpose. 

Mathematical calculation of 1 RM: 

If 1 RM of a participant is 3 kg than 60% of 3 kg which is equal to 2 kg was initially 

used for training purpose which could be increased up to 80% that is equal to 3 kg 

during the course of 1 week of training that is in accordance with the principle of  

progressive increase in overload (Kisner et al., 2017). The selection of weights was 

done from the accessibility of different kilograms of dumbbells and weight plates 

ranging from 0.5 kg up to 30kg that were available in the gymnasium and used for the 

training purpose. 

The frequency of exercises under resistance regime of training was 3 days per week, 

duration was 45 minutes and type includes dumbbells. The entire weight bearing 

protocol was divided into two halves; first half included exercises for upper limbs and 

second half included exercises for abdominals, back and lower limb muscles. Each 

group of muscles was trained for up-to three sets and each number of set involves up 

to 10 repetitions. 

Resistance Training 

i. Biceps 

The participant was asked to stand with feet about hip width apart, arms hanging by 

side carrying dumbbell in each hand (weight according to 1 repetition maximum). The 

participant is then instructed to bend the elbows towards his shoulder and breath out 

while bending the elbows and hold for 3 sec. The therapist standing in front of 
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participant makes sure the alignment of elbow to the body. The procedure was repeated 

for three sets with 30 sec of rests in between each set for both the arms (Pagano, 2014).  

ii. Triceps 

The participant was asked to stand with feet about hip width apart, with single hand 

overhead grasping the dumbbell and supporting with the other hand. Elbow should be 

bent behind the head. Now ask the participant to straighten the elbow keeping the 

dumbbell in hand. Hold the position for 3 sec and then return it to initial position. The 

procedure was repeated for three sets with 30 sec of rests in between each set 

(Delavier and Gundeill, 2014). 

iii. Pectoralis Major 

The participant lie on flat surface with arms abducted 90° and elbow flexion 90°, 

holding dumbbells of weight measured through 1 repetition maximum in both hands. 

The therapist instructed the participant to lift his shoulders towards the ceiling and 

exhale out and then return back to slowly to initial position. The procedure repeated 

for 3 sets (Pagano, 2014) 

iv. Deltoid 

Participant standing with feet shoulder‘s apart, arm hanging by side holding dumbbell 

with appropriate weight in both hands. Therapist instructed the participant to raise the 

arm laterally away from the body and keep the elbow extended, hold for few 

moments. The procedure repeated for 3 sets (Delavier and Gundeill, 2014) 

v. Latissimus Dorsi 

Participant asked to stand with feet hip distance apart, holding dumbbell in one hand. 

Asked the participant to make lunge position by taking one leg at back and knee 

should be straight. While keep another leg forward, bent at knee in line with ankle. 

Maintain the upper body slightly forward. Ask the participant to lower the dumbbell 

towards the floor. Then pull the dumbbell by sides up to the level of waist and perform 

exhalation the return back to original position while performing inhalation. Therapist 

makes sure the correct position of participant. The procedure repeated for 3 sets 

(Pagano, 2014) 

vi. Abdominals 

Participant asked to lie supine on a mat with knee bent at 60° and feet should be 



60 

shoulder width apart. Hands should be crossing over the chest. Ask the participant to 

raise body in upward direction until feel your abdominal muscles to be contracted. 

While moving in upward direction, perform exhalation (Delavier and Gundeill, 2014). 

Therapist makes sure the participant position to avoid flexing only the head. Then ask 

the participant to lower your body to the floor. The procedure was repeated for 3 sets  

vii. Back Extensors 

Ask the participant to lie in prone lying position on mat with legs extended, and with 

holding you head with your hands. Now ask to lift the head from the floor while 

keeping the leg and knee straight. Hold for a few moments and then return to starting 

position. The procedure was repeated for 3 sets (Pagano, 2014). 

viii. Hamstrings 

Ask the participant to lie flat in prone lying on floor with legs extended, head should 

be raised from ground; upper body should be supported under elbows, flexed at 90°. 

Ask the participant to bend their knees as much as close to the hips. Now straighten 

and lower the legs to the ground (Delavier and Gundeill, 2014). The procedure was 

repeated for 3 sets. 

ix. Quadriceps 

Ask the participant to be seated on a seat, flexing the hip at 90°, knees at 90°, placing 

the feet on ground. Hang the weight at ankle joint of appropriate weight or not 

according to 1 RM, then asked the participant to extend the leg straight in upward 

direction and perform exhalation. Therapist makes sure the knee extension while 

moving upward direction. Then lower the leg to starting position. The procedure was 

repeated for 3 sets (Pagano, 2014).  

x. Calf 

Ask the participant to stand with feet shoulders width apart, arms hanging by side, 

grasping the dumbbell in hand of appropriate weight according to 1 RM. Now ask the 

participant to rise on your balls of the feet. Therapist makes sure the heel and arches 

should not be in contact with ground. Hold for few moments. Then return to the 

starting position by lowering the heel (Delavier and Gundeill, 2014). Repeat the 

procedure for 3 sets. 
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Rest Period 

A rest period of 30 sec to 2 minutes in between workouts (depending upon the 

capacity of the participant) was given to avoid fatigue and muscle soreness.  

4.9.3 Osteoanabolic Exercises (Group-C) 

In accordance with the guidelines described by ACSM, FITT protocol (Kravitz et al., 

2011), the Osteoanabolic exercise training protocol was formulated considering the 

needs of the osteoporotic population. The training protocol was divided into two 

different phases‘ aerobic conditioning phase and resistance conditioning phase, 

respectively. 

Phase-I: Aerobic Conditioning Phase  

This phase was planned as per the exercise prescription guidelines of ACSM based on 

the FITT protocol (Kravitz et al., 2011). 

Pre-testing Measures 

Prior to initiate the intervention, participants pulse rate was taken through pulse oximeter. 

Participants were then instructed to walk at a comfortable speed on a treadmill (ST-

8500) for the duration between 20 minutes in order to determine the exercise 

intensity. The intensity was calculated by using a Karvonen method which is a gold 

standard approach for the estimation of Targeted Heart Rate zone involved maximum 

heart rate (MHR) minus age with a target heart range (Percentage of intensity). ). 

After determining the MHR, Heart Rate Reserve (HRR) was calculated, where the 

intensity was kept between 55-75% 

Determining Exercise Intensity 

To calculate the Heart Rate Reserve (HRR) of a participant aged 55 years, first MHR 

was calculated i.e. 

MHR= 220-age 

MHR= 220-55 

MHR= 165 

Suppose the Resting Heart Rate (RHR) was 70  
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The HRR of a participant was determined by the following formula; 

HRR= MHR –RHR 

HRR = 165-70 

HRR = 95 

The HRR of a participant was determined by the following formula; 

HRR= HRmax –Resting HR 

HRR=165-70 

HRR=95 

Therefore, tht targeted heart rate zone was determined by; 

At 55% exercise intensity: 

THR = {(HRR)  × % of intensity + RHR} 

THR = 95×0.55+70 

THR = 122.25 bpm 

At 75% exercise intensity: 

THR = {(HRR)  × % of intensity + RHR} 

THR = 95×0.75+70 

THR = 141.25 bpm 

THR Zone= 122-141 bpm 

Similarly, for participant aged 75 years old, MHR was determined by: 

MHR= 220-age 

MHR= 220-75 

MHR= 145 

The HRR of a participant was determined by the following formula; 

HRR= MHR –RHR 

HRR=145-72 

HRR=73 
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Therefore, tht targeted heart rate zone was determined by; 

At 55% exercise intensity; 

THR = {(HRR)  × % of intensity + RHR 

THR = 73 × 0.55+72 

THR = 112.15 bpm 

At 75% exercise intensity: 

THR = {(HRR)  × % of intensity + RHR} 

THR = {(73) × 0.75 + 72} 

THR = 126.75 bpm 

THR Zone= 112-126 bpm 

Exercise Prescription 

A warm up was performed for 5 to 10 minutes starting from 0.8 mph speed on 

treadmill on first day with HR being monitored completely.  

Frequency:  

It refers to the training session that an osteoporotic participant usually performs 3 

days per week for 12 weeks on alternative days. 

Intensity: 

MHR 55%-75% that refers to the stress levels that a participant may achieve during 

the exercise training protocol. 

Time:  

30 to 60 minutes (continuous, varying with the participants). 

Type: 

The easiest form of aerobic training is performed through treadmill that is usually set 

as the pace of the participants.  

Training Protocol  

Participant was given a verbal clue of ‗Start Walking‘ on a treadmill; initially with the 

minimum intensity that was gradually raised up to intensity of Targeted Heart Rate 



64 

(THR). Once the THR is achieved the intensity was gradually decelerated. 

Cool-down was performed for 5-10 minutes including deep breathing while sitting on 

comfortable chair. During this period, oxygen saturation and pulse rate was monitored 

till the pulse rate of the participant was normal to the resting heart rate. 

Exercise Intensity Progression 

All participants were given précised and standardized instructions with respect to RPE 

(Rate of Perceived Exertion) or Borg scale which records participant perception of 

perceived exertion while performing PA as shown in Figure 7. Participants were 

clearly instructed to report exertion followed by the exercise termination. The 

subjective measurement is a well-known indicator for heart rate check-up and work 

up efforts. 
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Figure-7: The revised RPE scale as per American College of Sports Medicine 

(ACSM) guidelines 

 

 

 

 

 

 

 

0 Nothing at all 

0.5 Very, very weak, just noticeable 

1 Very weak (light) 

2 Weak 

3 Moderate 

4 Somewhat hard (strong) 

5 Heavy (strong) 

6  

7 Very strong 

8  

9  

10 Very, very heavy (strong) almost maximum 
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Phase-II: An-Aerobic (Resistance) Conditioning Phase  

Resistance training was started on every alternative day of the aerobic conditioning. 

The intensity of the weight bearing exercises was calculated using 1 Repetition 

Maximum (RM) method (Similar to Group-B) with continuous monitoring of heart 

rate. 

Exercise Prescription 

Warm-up was performed for 5 to 10 minutes consisted on light stretching of upper 

and lower extremity. 

Frequency: 

The training session for an osteoporotic individual was performed for 3 days per week 

at alternative days of aerobic exercise for the duration of 12 weeks. 

Intensity:  

The exercise intensity varies according to participant as per 1 RM method. 

Time:  

The 45-60 minutes (varying with participants). 

Type: 

Dumbbells and Barbells. 

Training Protocol  

Weight bearing protocol was divided into two halves; first half included exercises for 

upper limbs (Biceps, Triceps, Deltoid, Pectoralis Major, Latissimus Dorsi) and second 

half included exercises for abdominals, back and lower limb muscles (Quadriceps,  

Calf). Each group of muscles was trained for one set involves up to 10-15 repetitions 

(shown in Figure 8). Cool-down was performed for 5-10 minutes which included deep 

breathing exercises while sitting on comfortable chair (ACSM, 2013a) 

Exercise Intensity Progression 

Initially, training started at approximately 60% of 1RM for three sets of 10 repetitions 

and was increased up to 15 reps as tolerated. When participants perform the set 

successfully, the weight was increased. Furthermore, the subjects were instructed to 

use any number on the RPE scale to rate their overall effort during resistance 

exercise. 
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Figure-8: The training protocol of Osteoanabolic group 
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4.10 Exercise Termination Criteria 

On the occurrence of any one of the following events at any time during the session 

the exercises were prematurely terminated: 

i. Decrease in Oxygen Saturation 

Oxygen saturation of participant was continuously monitored during the session using 

a pulse oximeter, if the readings of oximeter fell below 90% during training, the 

session was prematurely terminated and the participant was asked to perform deep 

breathing exercises. 

ii. Modified Borg Dyspnea Scale (RPE) scale: 

The scale subjectively measured participants‘ perceived exertion during exercise. The 

scale rates from 0-10 where ―0‖ shows no exertion and ―10‖ shows maximal exertion. 

Participants were asked to rate exertion during the performance of training if at any 

time during the session participant perceived exertion reached 8 than the therapist 

terminated the exercise. Afterwards breathing exercises were performed for cool 

down. 

iii.  Upon the request of the patient 

Participants can withdraw any time as requested 
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4.11 Assessment Parameters 

4.11.1  Bone Mass Density 

Bone Mineral Density of the participants was measured using peripheral DXA Scan 

(SONOST 3000). It is a small portable machine with dry gel system that measured the 

bone density at the ankle joint. As soon as the participant consented for the 

assessment and cleared the screening test, the trained technician was advised to 

calculate the BMD on the right sided calcaneal. In cases where the assessment could 

not be conducted on right side then the left sided assessment was also taken into 

account. Before using for the assessment, the machine was calibrated and standardized 

every time in order to reduce the margin of error (Ejaz et al., 2012). Pre and post 

reading were measured at the 1
st 

day of treatment and on the last day of treatment. The 

participants were advised to wear comfortable clothing prior to the start of the session. 

The reliability and validity of Peripheral DXA scans has been documented in 

literature and are found to be less expensive than central DXA Scan (Ejaz et al., 

2012). 

4.11.2  Temporal-Spatial Parameters of Gait  & 

activPAL  

The participants were assessed using the objective measurement of approach through 

20 grams with a dimension of 53 by 35 by 7 mm that uses the sampling frequency of 

10Hz and has 4 MB of memory, via proprietary algorithms; accelerometer-derived 

information about the position of thigh determines the cadence. ActivPAL was placed 

in a flexible sleeve (nitrile material) and then attached on the anterior aspect of 

midline of thigh in a secluded area using 3M Tegaderm(Steeves et al., 2015) . It did 

not require any calibration, manipulation or maintenance before using it. Both cadence 

and gait velocity were calculated during the 10- meter walk test where the verbal clue 

of start was given to the participants and the therapist accompanied the females to 

prevent fall and verbal clue to maintain erect posture was given where required. A 

stopwatch recorded the time of 10MWT for gait velocity. The area of 10MWT was 

marked using the masking tape and was measured using the measuring tape. As soon 

as the participant walked over the finish line. A chair was placed to allow the 

participant to be seated. Participant performed three repetitions with a rest of 2 
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minutes. activPAL recorded the cadence whereas gait velocity was recorded using the 

Distance travelled by OP females during 10MWT per time travelled by OP females 

(Grant et al., 2008). 

 

 

 

 

 

4.11.3 Gait Stability Ratio (GSR) 

The results obtained from the cadence and gait velocity was used to find the GSR Gait 

Stability Ratio = Cadence/Walking speed (Cromwell and Newton, 2004). 

4.11.4  Balance 

Dynamic balance of the females was assessed using Timed Up and Go Test. The test 

was performed to determine the improvement in the balance of the participant before 

and after the completion of twelve weeks of training session. The participants were 

asked to be seated on comfortable chair with an arm rest. A piece of tape was placed 

on the floor 3 meters away from the chair so that it was easily seen by the participants. 

The females on the verbal cue of ‗Go‘ would stand up, walk to the line on the floor, 

turned around and walked back to the chair and be seated. The total duration of the 

activity was measured through the stop watch and simultaneously activPAL was 

recording the time also as a confirmatory to avoid observation bias. 

Figure-9: Working of activPAL when placed on docking system 

 



71 

Figure-10: Diagrammatic Representation of Timed Up and Go Test (TUG)  

 



72 

4.11.5  Fear of Fall 

Falls Efficacy Scale-International (FES-I) is designed to evaluate fear of Fall (FOF) in 

adult population (ProFANE, 2017).In general terms it fulfills the statement ‗Are you 

afraid of falling?‘ The FES-I consist of easy and short 16 items that estimates the level 

of concerns about falling during indoor and outdoor physical and social activities 

subsequently measured on a Likert scale, consists of four points starting from 1=not at 

all concerned, 2 = somewhat concerned, 3= fairly concerned to 4=very concerned. 

This scale estimates ‗how concerned‘ the participants are while performing the 

activities of the daily living. A total score is calculated ranging from 16 to 64 score that 

is interpreted as follows: 

Low Concern about falling: 16-19 

Moderate Concern about falling: 20-27 

High Concern about falling: 28-64 

The questionnaire was translated into 14 different languages and along with it into 

Urdu that is translated by Chris Todd and has an excellent internal validity as well as 

test-retest reliability (Cronbach‘s alpha 0.92, ICC= 0.83) (Kempen et al., 2007) which 

demonstrate excellent psychometric properties and precise factor analysis (Yardley et 

al., 2005, Greenberg, 2011). As per my knowledge no study till date has been 

conducted while considering FES-I in Urdu. 

The females before performing any assessment protocol on the 1st day were advised to 

answer the questions in either of the languages (Urdu or English). FES-I was 

answered again on the last day of treatment. 
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4.12 Plan of Analysis 

Data was entered and analyzed using statistical Software MedCalc Version 18.11. 

Demographic and baseline information of participants were represented in terms of 

age frequency and distribution. Test of normality was applied using Skewness and 

Kurtosis and through normality curve for BMD, Cadence, Gait velocity, GSR, TUG 

and FES-I. 

 

For BMD: Skewness and Kurtosis Test was performed for the assumption of 

normality that shows that the data is not normally distributed. Wilcoxon rank test was 

run to find the pre and post difference within aerobic, resistance and Osteoanabolic 

group at the 1
st
 and 12

th
 week. Hodge Lehmann Median Difference and level of 

significance p<0.05 was calculated using Kruskal-Wallis test. Furthermore, Post hoc 

Analysis was conducted to identify which specified group was most significant. 

 

For gait velocity and cadence: As the data was normally distributed so parametric 

test, paired t-test was run to analyze the pre and post difference aerobic, resistance and 

Osteoanabolic groups at the 1st week of training and the 12th week of training. Mean 

difference among the groups was calculated using one way analysis of variance 

(ANOVA). The level of significance was calculated p<0.05 between aerobic, 

resistance and Osteoanabolic groups. Further, factor analysis was conducted to 

identify the significant group.  

 

For Gait Stability Ratio: Skewness and Kurtosis Test was performed for the 

assumption of normality that shows that the data is not normally distributed. 

Wilcoxon rank test was run to determine the pre and post difference at the 1
st
 and 12

th
 

week. Kruskal-Wallis test was further run to find the difference among the three 

groups that was further followed by post-hoc analysis. 
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For Balance: As the data was normally distributed so paired sample t-test was run. 

Mean difference between the groups was calculated using One Way Analysis of 

Variance. The level of significance was calculated p<0.05 between aerobic, resistance 

and Osteoanabolic groups. Furthermore, factor analysis was conducted to identify 

which specified group was most significant. 

 

For FES-I: Since the Skewness and Kurtosis confirmed normality of data so paired 

sample t-test was run for the within group analysis. Further mean difference among 

the groups the aerobic, resistance and Osteoanabolic group was calculated using 

ANOVA. Followed by the calculation of level of significance (p<0.05).  
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RESULTS 
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5.1 Baseline Demographical Analysis 

The age frequency graph shows that the maximum number of the participants in all 

the groups were highest between the ranges of 60-64 years (n=32) followed by 55-59 

years of age (n=24), 65-70 years (n=18) and 50-54 (n=19), no participants were 

reported in the age bracket of 71 to 75 (n=0) (Figure-11). 

 

 

   

 

 

Figure-11: Group wise age frequency chart of the osteoporotic females 
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5.2 Skewness and Kurtosis Test of Normality 

Test of normality was determined by using the skewness and kurtosis in which the 

value was divided by the standard error, if the value did not lie between -1.96 to 1.96. 

so a non-parametric test was applied. Gait velocity, cadence and fear of fall were 

found to be normally distributed so parametric test was applied whereas for BMD and 

GSR a deviation was observed therefore, non-parametric test was run as shown in 

table 3 

 

Table 3 showing test of normality for BMD, temporal-spatial parameters, 

dynamic balance and fear of fall 

Variables Skewness 
Standard 

Error 
Kurtosis 

Standard 

Error 

BMD -0.01 0.42 -1.12 0.82 

Gait 

Velocity 
0.15 0.42 -0.30 0.82 

Cadence -0.09 0.42 -1.07 0.82 

GSR 0.09 0.42 1.67 0.82 

Dynamic 

Balance 

(TUG) 

0.62 0.42 -0.90 0.82 

Fear of Fall 

(FES-I) 
-0.15 0.42 -1.00 0.82 
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5.3 Effect of Intervention Therapies on Bone Mineral 

Density 

As the data was not normally distributed Wilcoxon rank test for paired samples was 

run for all the three intervention strategies that are aerobic, resistance and 

Osteoanabolic groups. As observed, the median score significantly improved among 

the participants attending the Osteoanabolic exercise protocol when compared with 

both aerobic and resistance (osteoanabolic; pre: 2.6, post: 2.2 versus aerobic; pre: 2.6, 

post: 2.3 versus resistance; pre: 2.6, post: 2.5). The Hodges-Lehmann median 

difference was highest for Osteoanabolic group followed by aerobic and resistance 

group. At 95% of CI for median the statistically significant result was found p< 0.05 

(as shown in table 4). 

 

Table 4 showing the pre and post Hedge Lehman Median difference for paired samples 

and level of significance of BMD 

Intervention 

Group 
BMD   Median 95% of CI 

for Median 
HLMD 95% of CI p-value 

Aerobic 

Pre 2.6 -2.7 to -2.5 

    0.3 0.3 to 0.45 p<0.001 

Post 2.3 -2.3 to -2.1 

Resistance 

Pre 2.6 -2.7 to -2.5 

    0.1 0.1 to 0.2 p<0.001 

Post 2.5 -2.7 to -2.5 

Osteoanabolic 

Pre 2.6 -2.6 to -2.5 

    0.4 0.3 to 0.4 p<0.001 

Post 2.2 -2.3 to -2 

* Hedge Lehman Median difference 
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Between the group analysis was performed using a Kruskalwallis test F-ratio of 28.59 

p<0.005 suggest a significant difference between aerobic and resistance (95% of CI, 

Z1-α/2<0.05) and resistance and Osteoanabolic F ratio 37.36 p<0.05 (95% of CI,  

Z1-α/2<0.05), whereas no significant P>0.05 F statistics 1.30was observed between 

aerobic and Osteoanabolic (95% of CI, Z1-α/2<0.05) table 6. The median values 

observed at 95% of CI was illustrated in table 5 

 

  

Table 5 showing minimum and maximum scores along the 25
th

  and 75
th

 

percentile of BMD 
p-value 

Intervention 

Group 
n 

Min 

Score 

25
th

 

percentile 
Median 75th 

percentile 

Max 

Score 

p<0.0001 

Aerobic 31     -3.0 -2.4 -2.3 -2.1 -2.0 

Resistance 31 -2.8 -2.5 -2.5 -2.4 2.5 

Osteoanabolic 31 -2.5 -2.3 -2.2 -2.0 -1.8 
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Post-hoc analysis revealed significant difference in the aerobic and osteoanabolic 

group when compared with resistance group P<0.05 favoring Osteoanabolic and 

aerobic exercises over resistance exercise group whereas no statistically significant 

results were obtained when a comparison was made between aerobic and 

Osteoanabolic 

 

 

 

 

 

Table 6 showing level of significance and Post-hoc analysis of BMD 

Factors 
Between Group 

Comparison 
F-ratio 

Mean 

Rank 
p-value 

Aerobic 

Resistance 28.59 

2.22 

p<0.05 

Osteoanabolic 1.30 p>0.05 

Resistance 

Aerobic 28.59 

1.35 

p<0.05 

Osteoanabolic 37.36 p<0.05 

Osteoanabolic 

Aerobic 1.30 

2.41 

p>0.05 

Resistance 37.36 p<0.05 

*Minimum required difference of  mean rank: 0.39 
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Figure-12: Multi-comparison graph showing mean difference of BMD 

among aerobic, resistance and Osteoanabolic exercise training protocols 
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5.4 Gait Velocity 

As the data was normally distributed paired t test pre-post analysis was run for all the 

three intervention strategies that is. aerobic, resistance and Osteoanabolic groups. The 

mean difference was found to be highest among the aerobic group (0.32±0.14) 

whereas no remarkable difference was observed between the aerobic and resistance 

group. 

 

 

Table 7 showing pre and post mean difference and level of significance of gait velocity 

Paired t test n Baseline 
Twelve 

Weeks 

Mean 

Difference 
95% of CI p-value 

Aerobic 31 0.78±0.1 0.94±0.12 0.16±0.09 0.13 to 0.2 p<0.0001 

Resistance 31 0.72±0.078 0.87±0.079 0.15±0.077 0.12 to 0.17 p<0.0001 

Osteoanabolic 31 0.74±0.08 1.06±0.16 0.32±0.14 0.26 to 0.37 p<0.0001 
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The P value < 0.05 for all the three groups (aerobic, resistance, Osteoanabolic group)  

showing that the mean ANOVA was run to find out the level of significance between 

the three intervention groups. The result shows a significant difference 0.0001 

between aerobic, resistance and Osteoanabolic. Further post hoc test shows the average 

rank of Osteoanabolic was significant p < 0.05 at 95 % of CI followed by aerobic 

average rank. 

 

 

 

 

 

 

Table 8 representing the One way Analysis of Variance (ANOVA) showing the level 

of significance and Post-hoc analysis of gait velocity 

ANOVA Mean±SD F- ratio p-value Factors 
*Diff 

p<0.05 

Aerobic 0.94±0.12 

11689.7 p<0.001 

Aerobic 

Resistance p>0.05 

Osteoanabolic p<0.05 

Resistance 0.87±0.07 Resistance 

Aerobic p>0.05 

Osteoanabolic p<0.05 

Osteoanabolic  1.06±0.16 Osteoanabolic 

Aerobic p<0.05 

Resistance p<0.05 

*Diff=Different p-value 
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Figure-13 Multigrainmulti-comparison graph showing pre and post mean 

difference of gait velocity among aerobic, resistance and Osteoanabolic exercises 

training protocols 
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5.5 Cadence 

Within the group analysis was performed using paired t test at 95% of CI and critical 

value of 5%. The results revealed that pre-post analysis at 5% of alpha was found to 

be significant p<0.05 in all the three groups where the observed mean±SD in aerobic 

group was 110.9±4.4, resistance group was 109.1±5.7 and Osteoanabolic group 

was113.03±5.6 (Table 9). 

 

 

 

 

 

 

 

 

 

 

Table 9  showing pre and post mean difference and level of significance of cadence 

Paired t test n Baseline 
Twelve 

Weeks 

Mean 

Difference 
95% of CI p-value 

Aerobic 31 105.74±4.73 110.93±4.45 5.19±3.90 3.76 to 6.62 p<0.05 

Resistance 31 106.48±5.13 109.16±5.76 2.67±5.15 0.78 to 4.56 p<0.05 

Osteoanabolic 31 106.90±4.45 113.03±5.60 6.12±5.83 3.98 to 8.26 p<0.05 
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Between the group analysis was performed using one way analysis of variance that 

revealed non-significant mean difference p>0.05 (at 95% of CI, F-ratio 1.12, p=0.32) 

table 10. 

 

 

 

 

 

 

 

 

Table 10 representing  One way Analysis of Variance (ANOVA) showing the level of 

significance and Post- hoc analysis of cadence 

ANOVA Mean±SD F-ratio p-value Factors 
*Diff 

(p<0.05) 

Aerobic 110.9±4.4 

4.13 p=0.01 

Aerobic 

Resistance p<0.05 

Osteoanabolic p<0.05 
 

Resistance 109.1±5.7 Resistance 

Aerobic p<0.05 

Osteoanabolic p<0.05 

Osteoanabolic 113.03±5.6 Osteoanabolic 

Aerobic p<0.05 

Resistance p<0.05 

*Diff=Different p-value 



 

87 

 

 

 

 

 

 

Figure-14: box-and-whisker plot showing pre and post mean difference of 

cadence among aerobic, resistance and Osteoanabolic exercises training 

protocols 
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5.6 Gait Stability Ratio 

As the data was not normally distributed Wilcoxon rank test for paired samples was 

run for all the three intervention strategies. The Hodges-Lehmann median difference 

was highest for Osteoanabolic group (median 0.55) followed by aerobic and 

resistance group. At 95% of CI for median the P-value < 0.05 that is statistically 

significant. 

 

  

 

 

 

 

 

 

Table 11 showing pre and post Hedge -Lehman Median difference for paired samples 

and level of significance of Gait Stability Ratio (GSR) 

Intervention 

Group 
GSR Median 

95% of CI 

for Median 
HLMD 

95% of CI 

for Median 
p-value 

Aerobic 

Pre 2.2  2.1 to 2.6 

0.3 -0.35 to 0.2 p<0.001 

Post 1.9  1.8 to 2.2 

Resistance 

Pre 2.4 2.4 to 2.6 

0.35 0.45 to 0.3 p<0.001 

Post 2.1 2.0 to 2.1 

Osteoanabolic 

Pre 2.3 2.2 to2.6 

0.55 0.7 to 0.45 p<0.001 

Post 1.8 1.7 to 1.94 

* Hedge Lehman Median Difference 
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Figure-15 box-and-whisker plot showing pre and post mean difference of GSR 

among aerobic, resistance and Osteoanabolic exercises training protocols 
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Kruskal-Wallis test was run to find out the level of significance between the three 

intervention groups. The result shows a significant difference 0.0004 between aerobic, 

resistance and Osteoanabolic. 

 

   

Table 12 showing minimum and maximum scores along the 25
th

  and 75
th

 

percentile of GSR 

p-value 

     Intervention 

Group 
n 

Min 

score 

25
th

 

percentile 
Median 75th  

percentile 

Max 

Score 

p=0.0004 

Aerobic 31      1.50 1.80 1.90 2.27 2.60 

Resistance 31 1.60 1.92 2.10 2.20 2.50 

Osteoanabolic 31 1.40 1.60 1.80 2.00 2.70 



 

91 

Between the group analysis was performed using a Kruskal-wallis test F-ratio of 2.2 

P>0.05 suggest a non-significant difference between aerobic and resistance (95% of 

CI, Z1-α/2<0.05) and resistance and Osteoanabolic F ratio 1.89 p<0.05 (95% of CI,  

Z1-α/2<0.05), whereas significant P<0.05 F statistics 1.18 was observed between 

aerobic and Osteoanabolic (95% of CI, Z1-α/2<0.05) favoring Osteoanabolic exercises 

over aerobic training in improving the GSR as shown in table 13. The median values 

observed at 95% of CI was illustrated in table 13. 

 

 

Table 13 showing Conover Post-hoc analysis of GSR showing mean rank and the 

level of significance  

Factors Between Group Comparison F-ratio 
Mean 

Rank 
p-value 

Aerobic 
Resistance 2.2 

48.63 

p>0.05 

Osteoanabolic 1.18 p<0.05 

Resistance 

Aerobic 2.2 

59.48 

p>0.05 

Osteoanabolic 1.89 p<0.05 

Osteoanabolic 

Aerobic 1.18 

32.89 

p<0.05 

Resistance 1.89 p<0.05 

 
*Minimum required difference of mean rank: 0.44 
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5.7 Dynamic Balance and Timed Up and Go Test (TUG) 

Within the group analysis was performed using paired t test at 95% of CI and critical 

value of 5%. The results revealed that pre-post analysis at 5% of alpha was found to 

be significant p<0.05 in all the three groups where the observed mean difference in 

aerobic group was -2.54±1.33 (-3.03 to -2.05; 95% of CI), resistance group was -

1.12±0.76 (-1.40 to -0.84 95% of CI) and Osteoanabolic group was -3.16±0.86 (-3.47 

to -2.84, 95% of CI) as shown in table 14. 

 

 

 

  

Table 14 representing pre and post mean difference of dynamic balance at 95% 

Confidence Interval 

Paired t test n Baseline 
Twelve 

Weeks 

Mean 

Difference 
95% of CI 

Aerobic 31 12.4±1.08 9.8±0.9 -2.54±1.33 -3.03 to -2.05 

Resistance 31 12.6±1.22 11.04±1.2 -1.12±0.76 -1.40 to -0.84 

Osteoanabolic 31 12.8±0.93 9.67±0.74 -3.16±0.86 -3.47 to -2.84 
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Figure 16(a) 

 

 

 

 

 

 

 

Figure 16(b) 

 

 

 

 

 

 

 

Figure 16(c) 

Figure-16 Horizontal line graph showing the mean difference in (a) aerobic, (b) 

resistance and (c) Osteoanabolic group when assessed on TUG  
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Further, between-group analysis was performed using one way analysis of variance at 

95% of CI, Z1-α/25%. The results revealed that F Ratio 31.93 between the 3 groups 

was found to be significantly different p<0.001. Factor wise analysis reveals that a 

significant mean difference p<0.001 was found between aerobic and resistance group 

and Osteoanabolic and resistance group. However, no significant mean difference 

p>0.001 was found between aerobic and Osteoanabolic group as represented in table 

15. 

 

 

 

 

 

 

 

Table 15 showing One way Analysis of Variance (ANOVA) and Post-hoc analysis of dynamic 

balance showing the level of significance 

ANOVA Mean±SD F-ratio p-value Factors 

*Diff  

(p<0.05) 

Aerobic 9.8±0.9 

31.913 <0.001 

Aerobic 

Resistance p<0.001 

Osteoanabolic p>0.001 

Resistance 11.04±1.2 Resistance 

Aerobic p<0.001 

Osteoanabolic p>0.001 

Osteoanabolic 9.67±0.74 Osteoanabolic 

Aerobic p<0.001 

Resistance p<0.001 

*Diff=Different p-value 
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Figure-17 Box-and-whisker graph showing the level of improvement in three 

exercise intervention group assessed on TUG for dynamic balance 
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5.8 Fear of Fall & Fall Efficacy Scale International (FES-I) 

Within the group analysis was performed using paired t test at 95% of CI and critical 

value of 5%. The results revealed that pre-post analysis at 5% of alpha was found to 

be significant p<0.05 in all the three groups where the observed mean difference in 

aerobic group was 9.5 (11.07 to 8.08; 95% of CI), resistance group was 6.3 (7.93 to 

4.71; 95% of CI) and Osteoanabolic group was 15.38 (16.87 to 13.89, 95% of CI) 

(Table 16) 

 

 

 

 

 

 

 

Table 16  represents the pre and post mean difference of FES-I at 95% CI  

Paired t test N Baseline 
Twelve 

week 

Mean 

difference 
95% of CI 

Aerobic 31 33.6±3.4 24±4.1 9.5 11.07 to  8.08 

Resistance 31 37.5±2.8 31.2±3.9 6.3 7.93 to 4.71 

Osteoanabolic 31 35±3.3 20.4±2.8 15.38 16.87 to 13.89 
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Figure 18 (a) 

 

 

 

 

 

 

1Figure 18 (b) 

Figure 18 (c) 

 

Figure 18 Horizontal line graph showing the mean difference in (a) aerobic, (b) 

resistance and (c) Osteoanabolic group when assessed on FES-I 
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Further, between-group analysis was performed using one way analysis of variance at 

95% of CI, Z1-α/25%. The results revealed that F Ratio 31.93 between the 3 groups 

was found to be significantly different p<0.05. Factor wise analysis reveals that a 

significant mean difference p<0.05 was found between aerobic and resistance group 

and Osteoanabolic and resistance group (Table 17). 

 

 

 

 

 

 

 

 

 

 

Table 17 ANOVA (With-in group) and Factor wise Analysis of FES-I showing the level 

of significance  

ANOVA n Mean±SD F-Ratio Factors 
Different 

(p<0.05) 

Aerobic 31 24±4.1 

67.98 

Aerobic 

Resistance p<0.05 

Osteoanabolic p<0.05 

Resistance 31 31.2±3.9 Resistance 

Aerobic p<0.05 

Osteoanabolic p<0.05 

Osteoanabolic 31 20.4±2.8 Osteoanabolic 

Aerobic p<0.05 

Resistance p<0.05 
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The graphical representations the mean was lowest among the Osteoanabolic group 

showing the significant improvement in the FOF. Moreover, the aerobic group was 

the only group that has outliers. 

 

 

 

 

Figure 19 shows the effect of treatment strategies on Fall efficacy Scale-I 
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5.9 Fear of Fall Relative Risk 

Impact of exercises regimes on the future risk of fall where the baseline reading was 

found to be 33.6±3.4 in aerobic group was improved to 24±4.1 after 12 weeks of 

training. In anaerobic group the baseline reading was 37.5±2.8 was improved to 

31.2±3.9 with a mean difference of 6.3, the maximum improvement was found in the 

Osteoanabolic group where the baseline readings were 35±3.3 was improved to 20.4 ± 

2.8 with a mean improvement of 15.38. 

The relative risk obtained shows that 30% reduction in the future risk of fall was 

observed in the Osteoanabolic group whereas 10% reduction was observed among the 

participants included in the aerobic training group. Whereas, the participants who 

were given intervention through resistance training group showed 10% increase in the 

future concerning risk of fall. 

 

Table 18 shows the Relative Risk (RR) of exercise training strategies among the 

osteoporotic females 

Intervention RR 95% of CI Δ Observed p-value 

Aerobic  0.9 0.82 to 1.12 10 (+) p=0.04 

Resistance 1.1 1.002 to 1.31 10 (-) p=0.04 

Osteoanabolic 0.7 0.51 to 0.96 30 (+) p=0.02 
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Figure-20 Relative risk of fear of fall among aerobic, resistance and 

Osteoanabolic training protocols calculated after 12 week of intervention 

strategies keeping aerobic exercises as control group 
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CHAPTER-6 

DISCUSSION 
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The findings in this thesis are divided into four different outcomes as based on our 

research objectives. Firstly, Osteoanabolic exercise training protocol significantly 

improves the BMD, temporal-spatial parameters of gait, GSR, dynamic balance and 

FOF among the participants recruited in group C. All the training protocols were 

based on the guidelines provided by ACSM using the FITT protocol. The use of 

combination of training protocols, different stretching and strength training exercises 

along with a sufficient warm up and cool down phases are found to be effective in 

improving these parameters. Moreover, the paradigm shifts from subjective 

measurement of approach to objective measurement of approach has also been of 

keen interest to the author in this study.  

6.1  Effects of Osteoanabolic Exercises on Bone Mineral 

Density 

The result of our study on BMD of participants depicts that exercises interventional 

regimes had a positive impact on T-score of the participants measured using a 

peripheral DXA scan. All the three training protocols were found to be siginificant 

where aerobic training protocol activates osteoblast in order to synthesize bone matrix 

and inhibit the bone resoprtion process whereas resistance training protocols  

enhanced the loading process reducing the bone resorption. The Osteoanabolic 

exercise protocol of 6 days per week, where alternative day training of aerobic and 

resistance was given, significantly impoved the T score by  increasing the mechanical 

load over the time of 12 weeks as well as enhancing the activation of osteoblast. The 

phase of  resoprtion and formation that increases due to decrease in estrogen level 

among the osteoporotic females is taken care during the training program. Moreover, 

as the resistance component of osteoanabolic exercises elicits a magnitude of strain 

that exceeds the threshold required for bone metabolism. Literature has reported that 

different physical activity training programs are effective in improving the BMD 

These results were in accordance with the outcomes of Motorwala et al. (2016) where 

supervised yoga training was conducted on 30 women  considering different asanas in 

different positions (standing, sitting, supine and prone). The training program consist 

of 1 hour yoga session for 4 days every week for 6 months where warm up, surya 

namaskars and Asanas were performed. As yoga, is a safe mode of physical activity 

including weight bearing and non-weight bearing asanas thereby improving BMD by 



 

104 

increasing the mechanical strains on bone that leads to retain the Calcium and 

reducing the bone resorpotion therefore delaying the process of osteoporosis. But as 

there is no progression of strain in the yoga therapy the magnitude of strain lacks 

continuity and desired threshold is not achieved.  

Murtezani et al. (2014) introduced land based therapy, three resistive exercise session 

per week comprising of aerobic weight bearing, balance training and progressive 

resistance  for a duration 10 months. An extremely comprehensive protocol that may 

be complicated for the patients were given causing strenuous impact on the age 

catered (50-70 years).    Although resistance exercises were also given to our patients 

yet only dumbells with 1 RM method was given to the osteoporotic females in order 

to make it tailored exercise training protocol. Studies conducted almost two decades 

ago by  Faigenbaum et al. (2009) and Greendale et al. (2003) also concluded that 

exercises training results an increase in the BMD an increasing stress on bone cell  

due to the extra forces exerted by the muscle fibers. This results in the inducement of 

the process of bone remodeling. It was further analyzed from various different 

researches that an increase in the muscle strength and with the involvement of one of 

the basic principles of training that is the principle of overload (which is the 

progressive increase in the resistance, duration and frequency of exercises in order to 

improve the baseline threshold) the process of bones remodeling increases to 

multifold. Thereby, increases the BMD a basic physiological response of exercise 

stressor on bone that not only prohibits bone mineral loss but indeed persuades the 

process of osteoblasts and osteoclasts. However, Abrahin et al. (2016) concluded that 

the impacts of aerobic exercises particularly cycling and swimming had no positive 

outcome on the BMD of the participants. Similar results were observed by Kemper et 

al. (2009) and Mudd et al. (2007) in which swimming was considered one of the non-

impact physical aerobic activity and had no effects on BMD.  Moreover, even 

increased in intensity during training of around 60%-90% of MHR had no impact on 

any change in the BMD. In addition, Silva et al. (2011) concluded that of all the 

different aerobic physical activity including swimming, soccer, and tennis; swimmers 

had the lowest femoral BMD in comparison to other sports activities, which further 

endorsed that only weight bearing exercises impact the skeletal system of human body 

that stimulates the process of local osteogenesis.  A number of studies revealed that 

ground reacting forces and exercises that involves the use of resistance either through 
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weight bearing modalities or dynamic resisted modalities, it creates strain on muscles 

had a positive role in the inducement of the process of bone remodeling and bone 

reabsorption. Furthermore the intensity of osteoblast and osteoclast activities and the 

level of improvement of BMC and BMD was directly associated with the magnitude 

of forces involved in such kind of activities. In accordance with it the estimated 

increase in the BMD as observed after twelve months of high impact recreational 

physical activity was 5.4% from the baseline more than what had been observed by 

the researchers during different physical activities. Interesting findings were observed 

by Magkos et al. (2007) in which they divided the participants into three groups 

according to the impact of exercises,  where low impact group exercises subjects had 

BMD even lesser than that of control group. A difference of around -9.8% was found 

in between the groups whereas the subjects in high impact group have an estimated 

increased in the BMD of around 8%, 10% and 6.3% from the baseline in legs, trunk 

and total body respectively (Bonnet and Ferrari, 2010). Similar findings were revealed 

in this study where median improvement in the BMD score was from -2.6±0.2 to -2.2 

±0.2 in the Osteoanabolic group followed by aerobic and resistance group 

respectively after twelve weeks of exercise session.  
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Table 19 shows the compaative analysis between different exercise intervention on 

Bone Mineral Density 

Author’ 

Year 

Target 

Population 

Sample 

Size 

Exercise 

Intervention 
Result 

 

Current Study 

Postmenopausal 

Osteoporotic 

females 

93 

Group-A: Aerobic training 

5 days/wk. for12 wks. 

Group-B: Resistance training using 

3 days/wk. for12 wks. 

Group-C: Osteanabolic training 

6 days/wk. for 12 wks. 

Osteoanabolic 

showed significant 

results followed 

by aerobic training 

group 

(P<0.001) 

Motorwala et al. 

(2016) 

Postmenopausal 

Osteoporotic 

Women 

30 
Supervised yoga session 

1 hour for 4 days/wk. for 6months 

Yoga group 

showed significant 

results 

(p<0.05) 

Murtezani et al. 

(2014) 

Postmenopausal 

Osteoporotic 

Women 

61 

Experimental Group: Land exercises 

3 days/wk. for 10 months. 

Control Group: Aquatic exercise 

3 days/wk. for 10 months. 

Land exercises 

(p<0.001) 

Angin and Erden 

(2009)  

Postmenopausal 

Women with 

Osteopenia and 

Osteoporosis 

33 

Osteoporotic and osteopenia group 

received physiotherapist guided group 

exercise program 

3 days/wk. for 21 weeks. 

Significant 

improvement in 

both groups 

(p<0.05) 

de Matos et al. 

(2009) 

 

Postmenopausal 

Women with 

Osteopenia and 

Osteoporosis 

59 

Experimental Group: Weight exercise 

protocol (longitudinal forces in closed 

kinetic chain) for 12 months. 

Control Group: No exercise protocol 

No significant 

improvement in 

BMD was 

reported in 

intervention group 
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6.2  Effects of Osteoanabolic Exercises on TSPS of Gait and 

GSR 

All three training groups were able to increase the cadence and gait velocity after 

intervention of aerobic, resistance and Osteoanabolic group. The maximum increase 

was among the Osteoanabolic group with 6 days of training for twelve weeks, the 

maximum improvement was observed in the Osteoanabolic group where the 

improvement from 0.74±0.08 to 1.06±0.08 was noticed. These results were 

inconsistent with the previous researches where it has been documented that the 

increase in the gait velocity more than 1 m/sec indicates an improvement in the 

functional status of the older adults (Studenski et al., 2011, Cesari et al., 2005). 

Although, aerobic training showed an improved mean difference of 0.16, results are 

found to be statistically significant (p<0.05) but no clinical significance is observed 

<1m/sec. 

Moreover, a quasi-experimental study conducted by Wüest et al. (2014) among 16 

community dwelling individuals performing video game based balance training 

exercises 3 times per week showed an increase velocity of 1.28 m/s showing better 

results than our osteoanabolic group. Initially, Ada et al. (2003) noticed a marked 

reduction in gait velocity and cadence among 29 ambulatory stroke participants. Two 

training programs such as treadmill and over-ground training were provided to 

measure an improvement in the spatio-temporal parameters of gait. A marked 

improvement in the gait velocity was noticed after the training. Therefore, the 

improvement in gait velocity was the result of both the gait parameters but it was 

noticed that the steady increase after the 3 months was only due to cadence. As gait 

velocity is directly dependent on cadence and stride length and an increase or decrease 

in any one of the parameter may change the gait velocity (Kirtley, 2006) Similarly, 

results were consistent with that of Wüest et al. (2014) where cadence increased with 

that of velocity through balance training. Similarly, Halvarsson et al. (2013) with a 

study following of dual and single task balance training also reported increased in 

cadence and gait velocity among the osteoporotic females when assessed on 

GAITRite. Several studies have assessed gaitvelcoity and has claimed it as 

fundamental of gait  (Kirtley, 2006). These results were consistent with the studies in 

the past where Wagenaar and Beek (1992) reported similar results. On the other hand, 
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in another report Nelson et al. (2002) documented a decrease in mean cadence along 

with single support duration and heel-to-heel base of support for both preferred speed 

and fast walking speed among 11 Parkinson participants when compared with the 

normal control of the same age group. Moreover, Kim et al. (2015) among 20 healthy 

individuals aged 70 years and above reported improvement in temporospatial 

parameters of gait through trunk training for 12 weeks 

Researchers have suggested that a reduction in spatio-temporal parameters may be 

associated with the variety of task performed during the daily activities (Hollman et 

al., 2004). Although the current, evidence present for the factors affecting the gait 

during walking and performing the ADLs has been sparse due to the limited research. 

Falbo et al. (2016a) through physical-cognitive dual task training  showed significant 

improvement among older adults. Previously, Yang et al. (2007) during a dual task 

training program noticed a marked and significant reduction in gait velocity and 

cadence. 25 chronic stroke participants with a least community ambulation were 

recruited to measure cadence, stride length, gait velocity and other spatiotemporal 

parameters by using a walkway mat known as GAITRite. Three different task such as 

single task, buttoning task and tray carrying task were performed by the participants.  

The results showed a marked increase in gait velocity from 85.62±19.85 to 

115.35±18.14cm/s in the experimental group. However, velocity and cadence were 

highest among all the three groups while performing single walking task. However, 

velocity during the buttoning task was greater than tray carrying task only for the 

experimental group whereas for the healthy individuals, the velocity was greater 

during the tray carrying task. Although similar results were obtained for the cadence 

for both groups but no significant results were obtained while recording the stride 

length especially for the healthy subjects among the three tasks. Recently several 

studies conducted among community dwelling individuals have shown significant 

improvement through group fitness training, muscle strengthening, flexibility,  ankle 

proprioceptive training, Tai Chi, fall training, and biofeedback based & 

multicomponent based balance training (Saleh and Rehab, 2019, Falbo et al., 2016b, 

Manor et al., 2014, Cadore et al., 2014a, Donath et al., 2014) 

In addition, as a paradigm shift has been of keen interest among the researchers 

(Blythe et al., 2017, Cleland et al., 2013) where temporal-spatial parameters of gait are 

assessed with these tri-axial accelerometers.  
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Figure 21 reveals the paradigm sghift from objctive mesurement of approach to 

objective measurement of approach adapted from (Blythe et al., 2017) 
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We in our study have used activPAL that is a research based accelerometer, requiring 

no calibration for gait velocity and cadence. It has been observed from a number of 

studies that quantifying  the TSPs of gait that is found to be a better indicator of gait 

when compared with other RBA like actigraph and wrist worn accelerometers. Lyden 

et al. (2012) concluded that activPAL is more valid in measuring the physical activity 

in sedentary life style condition among free living environment when in comparison 

with ActiGraph (AG-Norm and AG-LFE) due to its overestimation. Although, two 

different cut-points 100 counts/min and 150 count/min were set to determined 

sedentary time but both generations of ActiGraph were found to be inaccurate. 

Similarly, Kelly et al. (2013) identified the validity of two different generations of 

ActiGraph (Uni and Triaxial) where 88.11% when compared to oxygen consumption 

(laboratory based standard protocol). Interestingly, the validity and reliability of the 

instrument is highly dependent on the placement of location of the accelerometer on 

the body (Cleland et al., 2013). A precision of thigh worn accelerometers has been 

highest 0.97 when compared with hip worn accelerometers 0.971. The findings of the 

study concluded that hip was the most practical site for wearing an accelerometers as 

human physical activities could pragmatically be measured from the site of hip 

(sitting, standing and walking) in comparison to any other site as foot and wrist worn 

accelerometers had the tendency to measure recordings during sitting and working on 

stations.  Moreover, it has been noticed that older adults habitually move their hands 

and foot while talking and sitting which in turn may record false movements with the 

advancement in the field accelerometers researchers were provided with an option of 

consumer based accelerometers as well; cosmetic in its outlook became popular to be 

utilized by both young and older females. 

Consumer based accelerometers including Fitbit Charge 2, Samsung Gears and Apple 

Watch Series 2 had a Mean Absolute Percentage Error (MAPE) of around 37.4% to 

61.8% when compared to indirect calorimeter (CosMed K4b2) (Blythe et al., 2017). 

Though found to be expensive (ranging from $100USD to $369USD) due to cosmetic 

outlook, less reliable and not effective to be used for research-based purpose. 

Several studies have advocated that age-related decline may lead to more stable 

walking pattern and balance during gait performance. It has been evident that 

increased gait stability during walking allows older adults to compensate for 
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reductions in balance thereby creating a movement pattern that is more resistant to 

perturbations and reduce risk of fall. In this regard, Cromwell and Newton (2004) 

documented GSR as a better indicator of balance deficits during walking. Moreover, 

an increased gait stability and decreased balance due to a dynamic weigh shifting is 

documented spending more time in  double limb support phase thereby reducing the 

dynamic components of walking. However, Maslivec (2018) and colleagues reported 

that different walking speeds are not affected by altered body positions therefore had 

no impact on gait stability although walking pattern may vary in older individuals 

affecting postural control and gait stability. Despite a disparity in the findings of  

Maslivec (2018) and Cromwell et al. (2004), specific interventions are advised to 

determine the role of GSR in dynamic component of walking. Subsequently Ferraro et 

al. (2013) reported, an increased GSR on the inclined surface among older adults 

whereas decreased gait velocity, cadence and step length among 78 independent 

community ambulatory individuals therefore, highlighting on the changes into 

temporal-spatial aspects of gait parameters. On the other hand, walking at different 

speed, walking with different head movements, moving around, turning quickly, stair 

climbing and different footwear all influence GSR, gait velocity, cadence and stride 

length (Marchetti et al., 2008, Newton et al., 2006)  To the best of author‘s 

knowledge, the current study is the first to determine the impact of an intervention on 

GSR. The findings revealed that the osteoanabolic group that comprised of the 

number of participants with middle (60-64 years) to upper (55-59 years) age limit 

showed significant reduction in GSR that serves as a measure of walking stability 

whereas in resistance group more younger population (50 -54 years) was documented. 
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Table-20 Contemporary Evidence on Gait velocity with respect to different training protocols 

Author’ 

Year 

Target 

Population 

Sample 

Size 

Exercise 

Intervention 
Results 

 

Current 

Study 

Postmenopausal 

Osteoporotic 

females 

93 

Group-A: Aerobic training 

5 days/week for12 weeks 

Group-B: Resistance training using 

3 days/wk. for12 wks 

Group-C: Osteoanabolic training 

6 days/wk. for 12 weeks 

Osteoanabolic 

showed significant 

results 

(P<0.001) 

Saleh and 

Rehab 

(2019) 

 

Patients with 

Diabetic 

Neuropathy 

 

30 

Experimental Group:  

Ankle proprioceptive training with 

traditional physical therapy 

 3 sessions/week for 8 weeks 

Control Group: 

Traditional physical therapy  

3 sessions/ week for 8 weeks 

Experimental group 

showed significant 

improvement in gait 

performance 

(p<0.001) 

Falbo et al. 

(2016b) 

Active Older 

Adults 
36 

Experimental Group: Training with 

physical-cognitive dual task focus  2 

times/wk for 12 ks 

Control Group: Training with 

physical dual Task focus 2 times/wk for 

12 wks 

Experimental group 

showed significant 

improvement 

(p<0.001) 

Kim et al. 

(2015) 
Elderly 20 

Group-1: Isometric Trunk Exercises 

3 times/wk for 12 wks. 

Group-2: Dynamic Trunk Exercises      3 

times/wk for 12 wks 

Both the groups 

showed positive 

effect on gait 

function (p<0.05) 

Wüest et 

al. (2014) 
Elderly 13 

Exergame-based 

balance training 3 times/wk for 12 wks 

The intervention 

produced significant 

outcome (p=0.497) 

Manor et 

al. (2014) 
Older Adults 57 

Experimental Group: Tai-Chi   

2 times/wk for 12 wks. 

Control Group: Research personnel led 

sessions 2 times/wk for 12 wks 

Tai-Chi training 

significantly 

increased walking 

speed (p<0.001) 

Cadore et 

al. (2014b) 

Institutionalize

d Frail Older 
24 

Experimental Group: Multicomponent 

exercise program comprised of muscle 

power, balance and gait retraining 2 

times/wk for 12 wks 

Control Group: Mobility exercises 4 

days/week for 12 wks 

The intervention 

increased gait 

velocity however 

results were not 

statistically 

significant (p<0.05) 

Halvarsson 

et al. (2013)  

Community 

Dwelling 

Elders 

48 

Experimental Group: Group Balance 

Training 2 times/wk for 12 wks 

Control Group: offered participation in 

the balance training program following 

the study and were encouraged to live 

their regular life 

Group balance 

training significantly 

improved velocity 

(p<0.004) 
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Table 21 shows Contemporary Evidence on Cadence  with respect to different training protocols 

Author’ 

Year 

Target 

Population 

Sample 

Size 

Exercise 

Intervention 
Results 

Current Study 
Postmenopausal 

Osteoporotic 

females 

93 

Group-A: Aerobic training 

5 days/wk. for12 wks 

Group-B: Resistance training using 

3 days/wk. for12 wks 

Group-C: Osteanabolic training 

6 days/wk. for 12 wks 

Osteoanabolic showed 

significant results 

(P<0.001) 

Dohrn et al. (2016) 

 

Community-

Dwelling Adults 
92 

Objectively-measured physical 

activity levels and patterns impaired 

balance, and fear of falling 

The differences in gait 

speed was associated with 

step length rather than 

cadence (p = 0.471) 

Zhuang et al. 

(2014) 
Community 

Dwelling Elders 
50 

Intervention Group: 

Combinationexercise; balance, muscle 

strengthening, Tai-Chi Chuan and 

stretching/flexibility exercises 

3 times/wk for 12 wks 

Control Group: usual level of physical 

activity for 12 weeks 

The intervention shows 

significant outcome 

(p<0.001) 

Lee et al. (2014) 
Community 

Dwelling Adults 
82 

Intervention Group-1: Traditional 

Group Fitness for 3 days/wk. for 10 

wks 

Control Group: Wii Fitness for 3 

days/wk. for 10 wks 

Both groups significantly 

improved cadence 

(p<0.05) 

Donath et al. 

(2014) 

Community 

Dwelling Older 

Adults 

18 
Fall training sessions, 12 sessions for 

60 mins for 6 weeks 

Fall training did not 

sufficiently improve 

gait performance 

Löfgren et al. 

(2013) 

Elderly 

Women with 

Osteoporosis 

79 

Walked at comfortable and maximal 

speed and during a cognitive dual 

task, using the GAITRite ® walkway 

system 

Gait performance, during a 

dual task diverged most in 

the oldest subjects 

indicated higher risk of fall 

Lee et al. (2013) 
Patients with 

Type-2 Diabetes 
55 

Exercise Group: Virtual Reality 

exercise with diabetic education 50 

mins twice a week for 10 weeks 

Control Group: Health education was 

provided to each group for 50 min on 

two occasions on different days 

Experimental Group 

showed significant 

improvement in cadence 

(p = 0.416) 

Lee et al. (2012) 
Community 

Dwelling Elders 
41 

Experimental Group Biofeedback-

based balance training with cognitive 

tasks 3 days a week for 8 weeks 

Control Group: Did not receive any 

type of training. 

Experimental Group 

showed significant 

improvement in cadence 

(p<0.05) 
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Table-22 Contemporary Literature on Gait Stability Ratio 

Author’ 

Year 

Target 

Population 

Sample 

Size 

Exercise 

Intervention 
Results 

Current 

Study 

Postmenopausal 

Osteoporotic 

females 

93 

Group-A: Aerobic training 

5 days/wk. for12 wks 

Group-B: Resistance training 

using  3 days/wk. for12 wks 

Group-C: Osteanabolic training 

6 days/wk. for 12 wks 

Osteoanabolic showed 

significant results  

(P<0.001) 

Maslivec 

(2018) 
Older Adults 31 

Examination of head flexion 

and gait parameters at different 

walking speeds  6MWT  3meter 

to 9 meter slow, comfortable, 

fast 

Walking at different 

speeds showed no 

difference in head 

flexion, when walking 

under either visual 

condition had no effect 

on gait stability  

(p<0.05) 

Ferraro et al. 

(2013) 

Independent 

Community 

Ambulators 

78 

Assessment of an inclined 

walking surface and balance 

abilities on gait parameters 

Mean GSR increased on 

inclined surface 

(p = 0.004) 

Marchetti et 

al. (2008) 

Subjects with 

balance 

dysfunction 

47 

Characteristics and reliability of 

gait performance of the 

Dynamic Gait Index  

Gait parameters 

underlying dynamic 

walking appeared to be 

relatively reliable  

(p<0.05) 

Newton et al. 

(2006) 
Older Adults 123 

Gait Examination in older 

adults by 8 and 20-foot walk 

tests 

8-foot walk test can be 

used to obtain gait 

measures  

Cromwell 

and Newton 

(2004) 

Community 

Dwelling Older 

Adults 

37 

 Relationship between walking 

stability and measures of 

balance in older adults 

A strong relationship 

between increased gait 

stability and decreased 

balance was observed 

(p<0.05) 
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6.3 Effects of Osteoanabolic Exercises in Improving 

Dynamic Balance 

As already mentioned in the literature that TUG was successful in measuring the 

dynamic balance of the participants and it was revealed from our study that significant 

improvement was observed among the three groups that is aerobic, resistance and 

osteoanabolic group. Our results in all the three group  were found to be consistant  with 

that of Tomicki et al. (2016),Granacher et al. (2013), Lee et al. (2013)  where different 

training protocols such as core stability strength training program, aerobic endurance, 

muscle balance, motor coordination and virtual reality programs were performed. 

However, variability was observed in the duration of programs that ranged from 8 weeks 

to 12 weeks of training. Similarly our results were found to be inaccordance with that of 

(Hess and Woollacott, 2005), where physical activity based on strength and balance 

training improved the dynamic balance score measured by using BERG balance scale 

and TUG. 

Podsiadlo and Richardson (1991) and Shumway-Cook et al. (2000) concluded that TUG 

was found to be both sensitive and specific for the diagnosis of balance impairment 

among participants who were at high risk of fall and further affirmed that values of TUG 

> 13.5 had 90% of probability of falling whereas the value ≥ 11.5 had a moderate risk of 

fall with a probability of approximately 50%. In this study author found that at baseline 

the mean time in the performance of the TUG was found to be highest in the 

Osteoanabolic group and according to the criterion of probability of falling was less than 

50% that improved further after twelve weeks of training and reduced to the maximum 

among the same group 9.67±0.74 respectively, that was considered at 20% probability of 

risk of fall. Similarly, our results were found to be  inconsistant with the result of study 

conducted by  Hess and Woollacott (2005) in which it was concluded that 10 weeks of 

exercises based training protocol reduce the probability risk of falling from 50% to 20%.  

In addition to it, Fisken et al. (2015) performing the aqua fitness program consisting of 

aerobic and strength-based exercises that were performed twice weekly for 12 weeks 

received significant results (cutt off point of 7.2) better than our aerobic group. Despite 

of obtaining favourable result a large number of drop outs were observed indicating that 

the exercise is not suitable for older adults who are less active and have low fall efficacy 
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Similarly, in a study conducted on the model of Shumway-Cook et al. (2000),  it was 

concluded that a maximum reduction of 20% in the risk of fall of participant was 

observed after the performance of the exercise based training that further confirmed a 

cut-off point of ≤ 13.5 second to be considered a recommended time for the performance 

of TUG test by adult population (Silsupadol et al., 2006). In our study we have also 

followed the same criteria as was put forward by Shumway-Cook et al. (2000) for the 

assessment of dynamic balance of the participant and the score quantified concluded that 

in all the three groups interventional strategies based on three different exercises regimes 

reduces the time incurred in the performance of the test thereby reduces the probability 

of risk of fall to 20% but the improvement were more noticeable in Osteoanabolic 

group. Further the quantification of the exercises that was based on ACSM, FITT 

protocol confirmed that as the high impact exercises involved the direct connection of 

body with the surface impacts directly on bone in comparison to those exercises that 

were considered as low impact as swimming and cycling thus induces the improvement 

in balance component along with reducing the probability of risk of falling. Moreover, 

Tae Kwondo exercises were also successfully performed  for improving balance 

Cromwell et al. (2007), providing a provocative evidence of using it as an alternative 

exercise training regime, however its generalizability is still questionable therefore 

opening the doors for supervised, tailored structured programs especially for older 

adults. 

 

 

 

 

 

 

 

 



 

117 

Table-23 Contemporary Literature on Dynamic Balance 

Author’ 

Year 

Target 

Population 

Sample 

Size 

Exercise 

Intervention 
Results 

Current 

Study 

Postmenopausal 

Osteoporotic 

females 

93 

Group-A: Aerobic training 

5 days/wk. for12 wks 

Group-B: Resistance training 

using 

3 days/wk. for12 wks 

Group-C: Osteanabolic training 

6 days/wk. for 12 wks 

Osteoanabolic showed 

significant results  

(p<0.001) 

Tomicki et 

al. (2016) 

Institutionalized 

Elderly 
30 

Experimental Group: functional 

exercises of aerobic endurance, 

muscle, balance,  motor 

coordination 3 days/wk. for12 

wks 

Control Group: Did not receive 

any intervention 

Exercise program was 

effective in improving 

balance and  

performance of 

functional task 

(p<0.001) 

Fisken et al. 

(2015) 

Older adults with 

OA 
35 

Experimental Group: Aqua 

Fitness group consisted of aerobic 

and strength-based exercises 2 

times/wk for 12 wks 

Control Group: Hydrotherapy 

2 times/wk for 12 wks 

No significant change 

in TUG was observed 

for either group 

Granacher 

et al. (2013) 

Community 

Dwelling Older 

Adults 

32 

Experimental Group: Core 

Instability Strength Training 

Program  2 days/wk. for 9 wks 

Control Group: Maintained their 

normal physical activities 

throughout the experimental 

period 

Intervention group 

significant outcome  

(p<0.05) 

Lee et al. 

(2013) 

Elderly adults 

with Diabetes 
55 

Experimental Group: Virtual 

reality using video gaming and 

diabetes education 2 times/wk for 

10 wks 

Control Group: Only diabetes 

education 

Intervention group 

showed significant 

outcome  

(p<0.001) 

Schoene et 

al. (2013) 
Older Adults 37 

Experimental Group: Home based 

step training 2-3 sessions/week 

for 8 wks 

Control Group: No intervention 

Intervention group 

showed significant 

outcome 

(p= 0.049) 

Cromwell 

et al. (2007) 

Community 

Dwelling Older 

Adults 

40 

Experimental Group: Tae Kwon 

Do 

2 times/wk for 11 wks 

Control Group: Non-exercising 

controls 

Intervention group 

showed significant 

outcome 

(p<0.05) 
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6.4 Effects of Osteoanabolic Exercises in Improving Fear 

of Fall  

The author of the present study had revealed that exercises based interventional 

strategies significantly improved the participant perception to fall efficacy scale 

questionnaire before and after the 12 weeks of intervention with maximum 

improvement found in osteoanabolic group. The questionnaire was based on = 16 

items all ranked in four categories with 1 reflects no concerned,  2 somewhat 

concerned,  3 fair concerned and 4 very concerned of participant perception in the 

performance of daily based task. Little or scare evidence is available regarding the 

utilization of FES-I in assessing and improving the fear of fall. Saleh and Rehab 

(2019) after performing ankle proprioceptive training along with the traditional 

therapy found that moderate level of concern was found in the interventional group 

mean = 27.13. Although the mean age among these diabetic neuropathic pateints was 

between 57.6 years yet moderate level of concern was documented. Previously, Dohrn 

et al. (2016) during a study reported that severe fear of fall and low fall self efficacy 

has been a reason for self restricted physical activity. Different balance single and dual 

task training programs has been documented among osteoporotic individuals shwing 

an improvement in the fear of fall after trainig period of 12 weeks. Moreover,  

researchers raise a concern regarding increased FOF that has also been reported in our 

study at baseline and at 12
th

 week in the aerobic and resistance group i.e. 24±4.1 and 

31.2±3.9 respectively. Our results of the resistance group was found to be consistant 

with that of Saleh and Rehab (2019), Hosseini et al. (2018) and Badiei et al. (2017) 

where the control group was in the high level of concern.  

According to the study conducted by Gusi et al. (2012)  it was concluded that 12 

weeks of training protocol based on balance, isometric and strengthening exercises 

reduces participant FOF by almost 8 points (95% of CI 4 to 12) and improving 

dynamic balance. A study conducted by Campbell et al. (1999) concluded that general 

physical exercises if performed on regular basis at home reduced the risk of fall among 

elderly individual reduces the relative hazard of fall to around 0.81 in comparison to 

control group in which the relative hazard of fall was found to be increased up to 1.34 

after one year of follow up. In present study calculated relative risk of fall that was 

calculated was found to be significantly less in aerobic and Osteoanabolic group in 



 

119 

comparison to resistance exercises group that suggest that longer duration of exercises 

were more effective than shorter duration exercises for elderly population. 

Therefore this FOF ultimately leads to activity limitation and participant restriction, 

therefore an exercise training program that increases the socialization of these 

individuals would be termed as beneficial. In addition to it this protocol shall be 

helpful in coping up of daily life situation where walking on different terrains that may 

be slippery and uneven; performing independent activities of daily living such as 

household work or cooking. An important aspect should be taken into consideration as 

these exercises induce more confidence and security among these osteoporotic females 

to perform activities.     
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Table-24 Contemporary Literature on Falls Efficacy Scale-I 

Author’ 

Year 

Target 

Population 

Sample 

Size 

Exercise 

Intervention 
Results 

Current 

Study 

Postmenopausal 

Osteoporotic 

females 
93 

Group-A: Aerobic training 

5 days/wk. for12 wks 

Group-B: Resistance training using 

3 days/wk. for12 wks 

Group-C: Osteanabolic training 

6 days/wk. for 12 wks 

Osteoanabolic showed 

significant results 

(P<0.001) 

Saleh and 

Rehab 

(2019) 

 

Patients with 

Diabetic 

Neuropathy 

 

30 

Experimental Group: Ankle 

proprioceptive training with 

traditional physical therapy 3 

sessions/wk. for 8 wks 

Control Group: Traditional physical 

therapy exercises 3 sessions/wkfor 8 

wks 

 

Experimental group 

showed significant 

improvement in FES-I 

(p<0.001) 

Hosseini et 

al. (2018) 

Community-

Dwelling Older 

Adults 

60 

Experimental Group: Tai-Chi Chuan 

2 sessions/wk. for 8 wks 

Control Group: Did not receive any 

intervention 

Intervention group 

showed a significant 

reduction in fear of 

falling scores 

(p<0.001) 

Badiei et al. 

(2017) 

Elderly 

women 
44 

Experimental Group: Pilates exercise 

training along with the routine 

sanatorium exercises 3 sessions/wk 

for 8 wks 

Control Group: Routine exercise only 

Pilates training 

significantly decrease 

the FOF 

(p<0.001) 

Li et al. 

(2018) 
Older Adults 120 

Experimental Group: Force platform 

training with functional electric 

stimulation 15 days/month for 3 

months 

Control Group: One-leg standing 

balance exercise 15 days/month for 3 

months 

Intervention group 

showed improvement in 

FES-I 

(p<0.05) 

Dohrn et al. 

(2016) 
Community-

Dwelling Adults 
92 

Objectively-measured physical 

activity levels and patterns impaired 

balance, and fear of falling 

Older adults with 

osteoporosis, impaired 

balance and FOF is a 

heterogeneous group 

With a high prevalence 

of sedentary lifestyles 

(p = 0.80) 

Fisken et al. 

(2015) 
Older adults with 

OA 
35 

Experimental Group: Aqua Fitness 

group consisted of aerobic and 

strength-based exercises 2 times/wk 

for 12 wks 

Control Group: Hydrotherapy 

2 times/wk for 12 wks 

FES-I scores improved 

significantly in the AF 

group 

(p = 0.04) 

Halvarsson 

et al. (2013) 
Community 

Dwelling Elders 

 

48 

Experimental Group: Group Balance 

Training 2 times/wk for 12 wks 

Control Group: offered participation 

in the balance training program 

following the study and were 

encouraged to live their regular life 

Group balance training 

significantly improved 

fear of falling 

(p = 0.012) 
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6.5 Conclusion 

In this era of adjunct and alternative therapies, the concept of exercise as medicine 

emerged showing that specific structured and tailored exercise training protocols are 

effective in treating osteoporosis. Indeed, nearlly all training protocols as were based 

on American College of Sports Medicine guidelines, were effective in improving 

BMD, gait, balance and FOF among the females. The study also focused on relative 

risk of fall providing evidences for more follow up studies. Our study highlights the 

need of guidelines for the management of osteoporosis on national level with the 

higher prevelance being reported. However, due the lack of national registeries and 

plausity of data Osteoporosis  is yet not considered as a National Health Problem with 

the sedentary life adopted by the females specially after menopause.  
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6.6 Strengths of the Study 

Randomization  

This clinical trial was single-blinded and multi-centered in which the participants 

were kept blinded to their allocation among three groups respectively.  

An Effective and Novel Rehabilitation Approach 

A number of previous studies reported impact of an isolated intervention on 

osteoporosis, however a few studies demonstrated on the efficacy of combine exercise 

protocols targeting postmenopausal women. This trial introduced an effective 

rehabilitation protocol, named Osteoanabolic exercises based on the ACSM 

guidelines. To, the best of author‘s knowledge, no study has reported such protocol 

among the osteoporotic population. 

Comprehensive management of OP  

The clinical trials carried out previously showed the effect of exercise training 

protocols individually on BMD, gait, balance and fear of fall.  In this trial, author has 

considered a comprehensive approach utilizing Osteoanabolic exercises for catering 

all the outcome measures to improve the quality of life.   

A Paradigm Shift in Quantification of Physical Activity 

To the best of author‘s knowledge, this study is first of its kind that highlights the 

utilization of research based activity monitors for the quantification of physical 

activity nationally.  
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6.7 Limitations of the Study 

Unreported Post-trial Follow-up 

Number of studies has suggested that post-trial follow-up offers valuable evidence 

regarding long-term benefits and side-effects of the intervention. As there was no 

follow-up in this study therefore it lacks to determine the residual effects of the 

training protocol.  

 Single-center setting 

This study was conducted in a single private hospital setting catering the upper middle 

class population only. This may affects the generalizability of research findings due to 

the inability to compare findings accurately from one Centre to another. 

Finite to Accessible population 

Recent studies have reported that men are most likely to be affected by osteoporosis, 

similarly like female due to several risk factors. However, their diagnosis is not 

confirmed until an occurrence of fracture. Likewise, this study only included women 

as their accessible population in order to validate research findings with novel 

approach despite of the fact that osteoporosis is also prevailing in men.  

Screening for BMD 

Dual Energy X-ray absorptiometry (DEXA) is the most common and effective 

method for the measurement of BMD among osteoporotic participants. However, 

despite of central DXA reliability to predict future risk, Peripheral DXA Scan was 

used in the study as the  

 

 

 

 

 

 



 

124 

6.8 Future Recommendation 

• In future we believe that the designed osteoanabolic training protocol should be 

implemented in the clinical settings with a purpose to render the intervention 

available for the adult female population.  

• In this project FES-I that have been translated in native language Urdu was 

utilized to determine the fear of fall that has not yet implemented it in the clinical 

settings. However, the implications are easy to use and generalized among the 

Pakistani population.  

• Based on these results, there is a severe lacking of these types of training program 

in the primary care settings where the community of older adults needs to benefits 

from it. Furthermore, long term effects of the implication of these training 

protocols are to be noted in future for the residual effects. 

• As osteoporosis is a national health problem, therefore many countries have 

available guidelines that are substantial for quality indicators of osteoporosis and 

followed for exercise prescription. However, no such guidelines are available in 

Pakistan well as there is lack of registries to report the burden of disease. Thus, 

further trials are recommended on national level for the efficacy of intervention in 

the management of Osteoporosis to construct specific guidelines for the affected 

population.   
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Appendix-III 

Physical Activity Readiness Questionnaire and YOU 
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Appendix-IV 

INFORMED CONSENT 

Topic: 

“Effects of osteo-anabolic exercises on gait, balance and fear of fall in 

Osteoporotic females” 

 

Researcher:  

Ms. Amna Aamir Khan 

I Mr /Miss /Mrs _____________________s/o, d/o or w/o ______________ give 

consent that the data obtained during this training session may be used for research. I 

have been informed that 

 

 The result of this study may be potentially beneficial to patient in the future. 

 I have been informed that these investigations pose no potential health risk to me, 

although there are side effects of intervention such as muscle soreness, body ache or 

muscle fatigue that has been taught to manage by the investigator. 

 I have been informed that I will not receive any monetary or other benefits for any 

participation. 

 The data of my hospital records will be kept confidential. 

 

 

Subject’s Signature: ______________________          

Subject’s Name: _________________________ 

Researcher’s Name: ______________________ 

Researcher’s Signature: __________________ 
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Appendix-V  

Urdu Consent  

 

 ببخبر مىظوری

 

 موضوع:

 

ایىببولک مشقوں کے اثرات، گزروے اور آصتیوپروتک خواتیه میں  -"آصتیو "

 "گروے کب خوف پر اثرات

 

 

 محقق:

 محترمہ آمىہ ػبمر خبن

 

 

یب  S / O ،D / Oمیں وے مضٹر / مش / مضز _____________________ 

W / O دي ______________ اس تربیتی صیشه کے دوران حبصل کر

اػذاد و شمبر کے تحقیق کے لیے اصتؼمبل کیب جب صکتب ہے کہ 

 رضبمىذی دے. میں وے اس ببرے میں مطلغ کر دیب گیب ہے

 

اس تحقیق کب وتیجہ مضتقبل میں مریض کو ممکىہ طور پر فبئذي • 

 مىذ ہو صکتب ہے.

میں کہ ان تحقیقبت صے مجھے کوئی ممکىہ صحت خطري الحق مطلغ • 

 کیب گیب ہے.

جھے مؼلوم ہوا ہے کہ میں کضی بھی شرکت کے لئے کضی مودرک م• 

 یب دوصرے فوائذ حبصل وہیں ہوگب.

 اپىے ہضپتبل کے ریکبرڈ کے ڈیٹب کو خفیہ رکھب جبئے گب.• 

 

 موضوع کے دصتخط ________________

 

 موضوع کے وبم: _______________

 

 محقق کے وبم ________________

 

 ______محقق کی دصتخط ________
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Appendix-VI 

The Timed Up and Go (TUG) Test 

 

Patient:     Date:    Time:   am/pm 

 
Purpose: To assess mobility  

Equipment: A stopwatch  

Directions: Patients wear their regular footwear and can use a walking aid if needed. 

Begin by having the patient sit back in a standard arm chair and identify a line 3 

meters or 10 feet away on the floor. 

 

 

 

 

 

 

 

 

 

 

 

On the word ―Go‖ begin timing. 

Stop timing after patient has sat back down and record.  

Time: _________ seconds 

An older adult who takes ≥12 seconds to complete the TUG is at high risk for falling. 

 

 

 

 

 

Instructions to the patient:  

When I say ―Go,‖ I want you to:  

1. Stand up from the chair  

2. Walk to the line on the floor at your normal pace 

3. Turn  

4. Walk back to the chair at your normal pace  

5. Sit down again 

Observe the patient‘s postural stability, gait, stride length, and sway 

Circle all that apply:  

 Slow tentative pace  

 Loss of balance  

 Short strides  

 Little or no arm swing 

 Steadying self on walls  Shuffling 

 En bloc turning 

 Not using assistive device properly 
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Appendix-VII 

Falls Efficacy Scale-International 

I would like to ask some questions about how concerned you are about the possibility 

of falling. For each of the following activities, please circle the opinion closest to your 

own to show how concerned you are that you might fall if you did this activity. Please 

reply thinking about how you usually do the activity. If you currently don‘t do the 

activity (example: if someone does your shopping for you), please answer to show 

whether you think you would be concerned about falling IF you did the activity. 

  
Not at all 

concerned 1  
Somewhat 

concerned 2 
Fairly 

concerned 3 
Very 

concerned 4 
1 Cleaning the house 

(e.g. sweep, 

vacuum, dust) 
    

2 Getting dressed or 

undressed      

3 Preparing simple 

meals     

4 Taking a bath or 

shower      

5 Going to the shop  
    

6 Getting in or out of 

a chair      

7 Going up or down 

stairs      

8 Walking around in 

the neighborhood      

9 Reaching for 

something above 

your head or on the 

ground  

    

10 Going to answer the 

telephone before it 

stops ringing  
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11 Walking on a 

slippery surface 

(e.g. wet or icy)  
    

12 Visiting a friend or 

relative     

13 Walking in a place 

with crowds      

14 Walking on an 

uneven surface (e.g. 

rocky ground, 

poorly maintained 

pavement)  

    

15 Walking up or 

down a slope      

16 Going out to a 

social event (e.g. 

religious service, 

family gathering, or 

club meeting) 

    

Sub Total 
    

Total 
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Appendix-VIII  

Urdu Version Falls Efficacy Scale-International 
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