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Abstract 

Older adults, especially with low bone mass, hyperkyphosis or vertebral fractures (OVF), and 

individual with spinal cord injury (SCI) are at increased risk of fragility fractures. Individuals 

with SCI and OVFs are subgroups of people with osteoporosis that are at high risk of fractures and 

present unique impairments, limitations, and restrictions that require population-specific and 

individually tailored and interventions. 

The objectives of this thesis were: 1) to explore potential sources of error during LS bone 

densitometry and trabecular bone score (TBS) values in individuals with SCI, and the 

applicability of TBS in fracture risk assessment; 2) to assess the effects of PRT on health-related 

outcomes in people with low bone mass or hyperkyphosis; 3) to establish recommendations for 

the non-pharmacological management of osteoporotic vertebral fractures; 4) to co-develop a 

virtually delivered education and training program on safe movement, pain management, 

nutrition, and exercise among people with osteoporotic vertebral fractures, and to test its 

acceptability and usability. 

Chapter one consists of a review of the literature on the epidemiology of fragility fractures, their 

consequences in the populations at greater risk, and the knowledge gaps in terms of risk assessment 

and non-pharmacological management. Chapter two presents the findings from two observational 

studies. Study 1 explored potential sources of error during LS densitometry in people with chronic 

SCI. Facet sclerosis and osteophytes and challenges in detecting bone edges are the most common 

sources of error, and most of the scans presented vertebrae with outlier BMD values. Study 2 

described lumbar spine TBS values in a cohort of people with chronic SCI, whether they change 

over a two-year period, and how TBS affects fracture risk assessment in people with SCI. 

Individuals with chronic SCI on this cohort presented with normal bone microarchitecture based 

on TBS. TBS was not different between sexes, people with motor complete and motor incomplete 

injury or with and without previous fragility fracture. Clinical decisions regarding fracture 

prevention should not be based on TBS or FRAX® in people with chronic SCI at this time. The 

third chapter reports the protocols of two systematic reviews. One systematic review investigated 

the effects of PRT interventions on health-related outcomes in people with low bone mass, while 

the second investigated the effects of exercise interventions on improving postural and health-
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related outcomes in people with hyperkyphosis. The fourth chapter reports the outcomes of an 

International Modified Delphi Consensus process, which established recommendations on the 

non-pharmacological management of osteoporotic vertebral fractures. We generated 

recommendations on pain management (e.g., educate on pain expectation; assess pain-related 

psychological factors; limit prolonged sitting; lying supine with feet flat on surface and knees 

bent), nutrition (e.g., educating on recommended daily intake of protein, calcium, and vitamin D; 

refer to dietitian in presence of poor appetite or weight loss), safe movement (e.g., avoid heavy 

physical exertion, lifting, or activities that exacerbate pain for the first 12 weeks; bend at hip and 

knees; step to turn; hold objects close to body), and exercise (e.g., timing, intensity, example 

exercises, goals including improving back extensor endurance, spinal mobility, physical 

functioning, and balance). There was consensus on limiting bed rest, and on prescribing orthoses 

only to select patients. The fifth chapter presents the co-development of a virtual intervention for 

the non-pharmacological management of OVF (VIVA) and its acceptability and usability testing 

among people with OVF. VIVA has been co-developed to provide education and training on safe 

movement and pain management techniques, nutrition, and exercise, and involves seven 1-on-1 

virtual sessions delivered by a physiotherapist over five weeks. We delivered VIVA to 8 

individuals with vertebral fractures, to evaluate acceptability and usability. Participants perceived 

improvements in pain and felt more confident during the activities of daily living and in self-

managing their OVF.  All the participants believed that VIVA was very useful and were very 

satisfied with the 1-on-1 sessions. Three participants found the information received very easy to 

practice, four participants believed they were easy to practice, and one participant found them 

somewhat difficult. Four participants were very satisfied and four were satisfied with the 

supporting resources delivered throughout the program. Participants found accessing the resources 

easy, but think that logging in and out to access videos and resources, or to track adherence, was 

cumbersome. Chapter six provides a general discussion of how the present dissertation improved 

the knowledge in fracture risk assessment and non-pharmacological interventions in people at risk 

of fractures, and what the next steps to address the knowledge-to-action gaps in populations at 

high risk of fracture should be.  
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Chapter 1 
Introduction 

 

1.1 Fragility factures: epidemiology and populations at greater risk 

Fragility fractures are defined as fractures that occur in a low trauma event that would be 

insufficient to fracture healthy bones, such as a fall from standing height or less.1 Fractures 

represent an important cause of morbidity and mortality: the risk of death is five- to eightfold 

increased in the first three months after hip fractures,2,3 while 18% of people die within a year 

following an osteoporotic vertebral fracture (OVF).4 The Kellogg International Working Group on 

the Prevention of Falls by the Elderly defined a fall as “an event which results in a person coming 

to rest inadvertently on the ground or other lower level and other than as a consequence of the 

following: sustaining a violent blow, loss of consciousness, sudden onset of paralysis, as in a 

stroke, an epileptic seizure”.5 The prevalence of falls among older adults is high, with 30-40% of 

individuals over the age of 65 experience at least one fall per year.6 However, fragility fractures 

can occur without any trauma. Older age, female sex, low bone mineral density (BMD), previous 

fractures, parental history of hip fracture, smoking, and use of glucocorticoids are common risk 

factors for fractures.7  

Older adults, especially with low bone mass, hyperkyphosis or OVF, and individuals with 

spinal cord injury are at high risk of fragility fractures. Specifically, individual with spinal cord 

injury (SCI) or OVFs are at high risk of sustaining a new fracture, but existing fracture risk 

assessment tools may not be applicable in people with SCI. The chances of having a subsequent 

OVF after the first one are high, and there is a need for improvements in the assessment of the risk 

of experiencing an OVF as well as assessment of OVF-related impairments or activity limitations, 

and interventions to prevent or manage them. Individuals with SCI and OVFs are subgroups of 

people with osteoporosis that are at high risk of fractures and present unique impairments, 

limitations, and restrictions that require population-specific and individually tailored and 

interventions. The studies included in the present dissertation provide novel insights on the 

assessment and management of two groups at high risk of fracture: individuals with SCI, and 

individuals with OVFs, living in the community. 



 

  

2 

1.1.1 Aging and osteoporosis 

Aging is a physiological process that involves declines in neuromuscular function and 

performance, along with several comorbidities. Cardiovascular disease, diabetes, dyslipidemia and 

obesity are common during aging, and 70% of older adults have hypertension, which increases the 

odds of major cardiac conditions.8,9 Aging may lead to frailty, a state of clinically recognizable 

vulnerability resulting in declines of physiological function across multiple organ systems.10,11 The 

frailty phenotype proposed by Fried et al10 includes five criteria (shrinking, weakness, poor 

endurance and energy, slowness and low physical activity level), and the presence of at least three 

criteria indicates frailty, while individuals with one or two criteria are identified as prefrail. The 

Clinical Practice Guidelines for the Identification and Management of Frailty recommend the 

Rockwood’s Clinical Frailty Scale (CFS),12 the International Association of Nutrition and Ageing 

(IANA)’s FRAIL scale,13 and the Edmonton Frailty Scale (EFS) as screening tools for frailty.14  

 Aging is also characterized by a loss of both muscle and bone tissue. Sarcopenia is the term 

used to define the age-related loss of muscle mass, resulting from alterations of neural system, 

hormonal status and nutritional intake, that can result in physical disability, poor quality of life and 

death.15–17 Muscle cross-sectional area decreases up to 40% between the age of 20 and 80 years,18 

while type II fibers are subjected to a greater atrophy compared to type I,18 thus explaining the 

decrements in muscle strength with aging. During aging, BMD declines at a rate of 0.5% per year,19 

with peaks up to 2-4% within the first 5-10 years after menopause in females.20 Osteoporosis is a 

bone disease characterized by low bone mass and microarchitectural deterioration of bone tissue, 

which leads to bone fragility and an increased risk of fractures.21 Osteoporosis affects 9.9 million 

Americans and 1.5 million Canadians, and one in two Caucasian women and one in five Caucasian 

men will experience an osteoporosis-related fracture during their life.22 Many people with 

osteoporosis live with fear of fractures, or with pain and impairments in physical function from 

prior fractures, which can result in reduced activity levels and community participation.23 Age-

related changes and osteoporosis result in a high susceptibility to injuries that, combined with the 

high incidence of falls, represents a life-threatening risk for older adults.  
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1.1.2 Osteoporotic vertebral fractures 

OVFs are the most common type of fractures in individuals with osteoporosis,24–26 and are 

associated with several morbidities and decreased survival.27,28 An observational study in 2725 

women showed that 20% of the 381 participants who developed an incident OVF will experience 

another one within one year,29 and the risk of death is nine times higher after an OVF.3 OVFs may 

cause pain, loss of height and progressive thoracic kyphosis, which may lead to difficulties in 

performing daily activities.24,30 OVFs are associated with thoracic hyperkyphosis; indeed, the 

degree of kyphosis increases with the number of OVFs, especially anterior wedge thoracic 

fractures, while women without OVFs but with hyperkyphosis are more likely to experience a 

subsequent OVF.31–33 However, only about one third of OVFs come to clinical attention, after self-

reported pain or height loss prompt physicians to order a spine radiography,34 but many fractures 

are not reported even when present on X-ray.35 Data from the Canadian Multicentre Osteoporosis 

Study (CaMos) show that 21.5% of men and 23.5% of women aged 50 years or older have at least 

one vertebral compression deformity,36 and approximately 50% of OVFs occur in people with a 

T-score greater than -2.5.37 OVFs are typically diagnosed by lateral radiography of the vertebral 

column, with or without anteroposterior views.38 Magnetic resonance imaging (MRI) or computed 

tomography (CT) are useful to identify suspected retropulsion, expansion of the fracture to the 

posterior column, involvement of the spinal cord or the timing of the fracture, as recent fractures 

have edema.38,39 Furthermore, vertebral fracture assessment (VFA) is an application of new DXA 

fan-array scans, which permit accurate lateral projections of the spine from T4-T5. Indeed, fan-

array machines do not cause parallax, since vertebral dimensions are not altered by the angle of 

the beams as happens with pencil-beam machine (see chapter 2.2 for a description of fan-array and 

pencil beam machines).40 VFA can be performed with a quantitative or semiquantitative technique. 

The quantitative technique consists in the apposition of six landmarks, four on the corners and two 

on the endplate’s midpoints, by the operator to identify the anterior, mid-, and posterior heights of 

the vertebra and quantify their reduction. Different thresholds have been proposed to diagnose 

OVFs. Prevalent OVFs§ should be diagnosed if there is at least a 15% reduction in the ratio 

 
§ Prevalent fractures are those fracture identified at a baseline scan, as opposed to incident fractures, that were not 
present at the baseline and are detected for the first time during follow up scans. 
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between the anterior or the mid-height and the posterior height of the vertebra, or between the 

posterior height and the posterior height of an adjacent vertebra compared to a mean value for the 

normal population.41–43 Other authors proposed a diagnosis of prevalent OVFs if a three-standard 

deviations reduction in the ratio between the anterior or the mid-height and the posterior height of 

the vertebra compared to normative data is present.44,45 Incident OVFs are diagnosed in the 

presence of a 20-25% decrease of one of the vertebral heights compared to the baseline scan.46 The 

semi-quantitative technique developed by Harry Genant47 is based on the visual recognition of 

three types of vertebral deformities (wedge, biconcave or crush) whose gravity is assessed on a 4-

point scale: grade 0 = no deformity, grade 1 = mild deformity (reduction in vertebral area of 

approximately 10-20%), grade 2 = moderate deformity (reduction in vertebral area of 

approximately 20-40%), grade 3 = severe deformity (reduction in vertebral area >40%). Even 

though Genant’s technique relies on the experience of the observer in the detection of changes in 

vertebral shape, the apparent objectivity of the semiquantitative technique is debatable. Indeed, 

landmark placement is a subjective process that may also be affected by confounders and patient 

positioning. On the other hand, the Algorithm-Based Qualitative methodology48 aims to 

distinguish OVFs from non-osteoporotic or non-fracture deformities based on the visual analysis 

of the endplates. The combination of quantitative and semi-quantitative techniques is suggested 

over the use of either one alone.40 In the thesis, we will define and classify OVFs according to the 

semi-quantitative technique by Harry Genant.47 

1.1.3 Hyperkyphosis 

The physiologic thoracic spine curvature averages between 20º and 29 in the childhood and 

through the third decade of life,49 while values over 40º define hyperkyphosis.50,51 It has been 

estimated that 20%-40% of older adults have hyperkyphosis.50,51 with several consequences in 

terms of musculoskeletal health, physical functioning and quality of life. Forward head posture, 

shoulder protraction, flattening of lumbar lordosis are common changes after hyperkyphosis,52 and 

people with hyperkyphosis are at high risk of future fractures independent of age and previous 
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fractures.33,53,54 Morphological alterations can impair pulmonary function55–59 and physical 

functioning, as people with hyperkyphosis have impaired balance and reduced gait speed, which 

put them at risk of falls.52 Consequently, quality of life is affected, with general fear and low 

satisfaction in perceived health, relationships, economic conditions and life in general.51,60 

Furthermore, hyperkyphosis and its severity are associated with mortality independent of BMD 

and OVFs.50,61,62  

 Hyperkyphosis is also present in many individuals with spinal cord injury (SCI). Indeed, 

muscles like rectus femoris, glutei, tensor fasciae latae, iliopsoas, erector spinae and abdominal 

muscles are responsible for the control of the center of pressure in able-bodied individuals in a 

sitting position, but people living with SCI are totally or partially lacking motor control of the 

aforementioned muscles, therefore their ability of maintaining sitting balance is reduced. The most 

relevant postural alteration caused by the impaired trunk control is a posterior tilting of the pelvis, 

which results in flattened lumbar spine, thoracic hyperkyphosis, and hyper-extension of the 

cervical spine.63 The resulting hunched posture provides biomechanical stability, allowing shifting 

the body weight more backward to improve balance while sitting in the wheelchair, and enables 

activities of daily living and wheelchair propulsion.64 Consequently, people with SCI assume a “c-

shaped” sitting posture caused by a 15-degrees posterior tilting of the pelvis compared to non-

injured individuals.65 Furthermore, pelvic angle and the forward head posture increase with age 

and duration of spinal cord injury independent of kyphosis,66 and this may result in anterior, 

posterior, or lateral spinal deformities, spasticity, increased risk of pressure ulcers, neck and 

shoulder pain and decreased respiratory function.63,65 

 The X-ray measured Cobb angle67 is the gold standard to assess spine curvatures. Two lines 

perpendicular to the superior endplate of T4 and the inferior endplate of T12 are drawn, and two 

other lines are drawn perpendicularly to these two lines to from and angle that defines the degree 

of kyphosis.68 Their poor visibility due to overlying structures represents the reason why of the 

first three thoracic vertebrae are not considered.69 According to the original technique, lines are 

manually drawn on radiographic films to measure Cobb angle. However, measurement errors up 

to 5º may occur, resulting in spurious diagnoses of scoliosis curves progression.70,71 Therefore, 

three methodological approaches (computer assisted, automatic and smartphone apps) have been 
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proposed to offset this measurement error. Findings from a systematic review72 showed high 

reliability (intraclass correlation coefficient [ICC] 0.83-0.99) in all the included studies, with lower 

standard error and mean absolute difference in automatic compared to digital and manual 

procedures. The authors also noticed that only mobile apps that automatically calculate the Cobb 

angle have higher intra- and inter-observer agreement than manual procedures. Furthermore, the 

radiation exposure and the high costs support the development of alternative tools that are more 

easily usable in clinical practice. The flexicurve is a flexible ruler that must be pressed onto the 

thoracic and lumbar spine, and the obtained conformation is reported on a paper to calculate the 

kyphosis index31 or angle.73 One study found a high correlation between Cobb angle and kyphosis 

index (ICC 0.88-0.99),68 but two studies with larger sample size revealed only a moderate 

correlation (ICC 0.68-0.69).73,74 Despite the moderate-to-high correlation, values obtained with 

the flexicurve are, on average, 20º smaller than the Cobb angle;73,75 therefore, caution is 

recommended before making inferences. Manual inclinometers demonstrated high correlation and 

agreement with Cobb angle75 and high intra-rater reliability76,77 thus representing a valid tool to 

assess kyphosis in clinical practice.  Similar results were obtained by using digital inclinometers, 

which showed a high intra-rater reliability (ICC 0.83) when tested in healthy individuals between 

20-35 years.78 Occiput-wall distance (OWD) is a surrogate measure of kyphosis that is correlated 

with flexicurve angle (r = 0.90),79 and provides indications regarding the necessity of performing 

spine X-rays. OWD is moderately correlated with kyphosis angle measured with inclinometer (r = 

0.72), and thresholds of 5cm have been proposed to diagnose hyperkyphosis or suggest the need 

to perform a spine radiography.80 The Blocks Method represents another surrogate measure of 

kyphosis: blocks with a height of 1.7cm are placed under the patient’s head until a neutral position 

of the head (head neither hyperextended nor hyperflexed) was achieved and with the eyes directed 

toward the ceiling.50,81 The Spinal Mouse, a wheeled accelerometer which rolls along the spine, is 

another non-radiographic tool to record distances and changes of inclination.82 This device has 

high intra- and interrater reliability,82–84 but the validity is low.84 Finally, one study85 demonstrated 

high validity of a manual goniometer, but further research is needed to test its reliability. Non-

radiographic techniques offer several advantages in the clinical practice; however, they present 

some limitations. Indeed, skin-surfaced technique follow the spinous process and not the vertebral 
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bodies, as it happens during x-ray; furthermore, the amount of adipose tissue overlying the spine 

may represent a threat to the validity of the measurement.82 The incorrect positioning of the 

landmarks is the most common source of error when using all the methods that rely on the 

identification of the beginning and the end of the curve.73,86 Therefore, practitioners should base 

their choice on the available validity and reliability data, the cost-effectiveness of the method, the 

population being tested, the expertise of the evaluator(s). 

1.1.4 Osteoporosis after spinal cord injury 

In Canada, over 86,000 people live with spinal cord injury (SCI), with an estimated incidence of 

3,675 new cases per year.87 Spinal cord lesions can be either complete, when there is no sensory 

or motor function in the lowest sacral segment, or incomplete, when sensory and/or motor function 

is preserved to some extent below the neurological level (including the lowest sacral segments).88 

The level of lesion determines the distinction between tetraplegia, a lesion of the cervical elements 

of the spinal cord who results in impairments of the four extremities, trunk and pelvic muscles, 

and paraplegia, a lesion to the thoracic, lumbar or sacral spine who spares the functionality of the 

arm and of all the muscles above the level of lesion.88 

After SCI, atrophy of the muscles below the level of the lesion, along with a switch from 

type I to type IIx muscle fibers, can be observed.89 Biopsies from vastus lateralis showed that the 

greatest decrease in muscle fiber cross-sectional area (CSA) occurred 6 weeks after injury (-22%), 

followed by a less important reduction between 11 and 24 weeks (-10%).90 The loss of muscle 

reaches a plateau 11 months after injury, and CSA of individuals with SCI is 45-80% of able-

bodied individuals.91,92 Similar declines are observed in bone tissue. In the acute phase, trabecular 

bone content is reduced by 4% per month,93 resulting in tibial trabecular and cortical bone loss up 

to 80% and 30%, respectively.94 Despite some evidence of a plateau of bone loss 3-5 years post 

injury,95,96 a slight ongoing bone loss (0.45% per month) has been documented at the tibial 

epiphysis as late as 10 years from injury.97 Consequently, fragility fractures are a common problem 

after SCI. Individuals with SCI have a fracture risk 5- to 23-fold higher than able-bodied 

individuals of similar age,98 with a higher incidence of fractures compared to non-SCI 

individuals.98,99 Twenty-five to forty-six percent of the people with chronic SCI will develop 
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fragility fractures,98,100 and the first fracture occurs, on average, 9 years after the injury.99,101 Low 

BMD, history of fractures, being female and older than 50 years of age, white race, complete or 

older injuries and use of opioid or anticonvulsants increase the risk of fractures in people with 

SCI.102 Being paraplegic and having a high Charlson Comorbidity Indices represent additional risk 

factors for osteoporotic fractures.98,103 The higher mobility of people with lower spinal cord lesions 

and the ability to take part in more dynamic activities may contribute to the higher incidence of 

fractures compared to individuals with tetraplegia. People with SCI usually fracture after low-

energy traumas,104 and transfers into or out of the wheelchair represent the main cause of fracture 

in people with SCI. A retrospective chart review of 140 people with SCI for at least 2 years 

revealed that 43% of the fractures in the lower extremities occurred while using a wheelchair, 24% 

of which occurred during transfers. Another retrospective study of 325 individuals with chronic 

SCI demonstrated that 59% of fractures were caused by a fall, but only 24% were falls from the 

wheelchair.105 The discrepancy may be explained by the different methods used in the two studies. 

Indeed, Champs et al attributed the cause of a fracture to a transfer only if the fracture occurred 

during the transfer per se, while the cause was recognized as a fall if the individual fell during 

transfer. Moreover, many wheelchair-related fractures are unrelated to transfers.104 The most 

common circumstances include collision with objects, trips or falls due to environmental hazard, 

equipment failure, bathing and toileting, and turning in bed, while 22% of fractures occur during 

transfers not involving wheelchairs.104  

Traumatic etiology of SCI, longer duration of injury and being female older than 50 years 

are associated with an increased risk of femur and tibia/fibula fractures, but not hip fractures.106 

Age and sex do not affect the location of the fractures, but women with SCI experience fracture 

more often than men.98,104,107 The distal femur and proximal tibia are the two most common 

locations of fractures in people with SCI, but further research is required to establish if there are 

any differences between ambulatory and wheelchair users. Akhigbe et al104 analyzed charts from 

138 wheelchair bound and two ambulatory individuals, and 54% of fractures occurred at 

tibia/fibula and 33% at femur. Conversely, Champs et al105 observed an opposite trend, with 

ambulatory individuals fracturing more often the distal tibia/fibula compared to wheelchair users, 

who fracture more frequently the distal and proximal femur.105 Similarly, a retrospective study of 
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107 individuals with SCI, of whom 92 were ASIA-A, reported that 61% of fractures occurred at 

femoral level and 39% at the lower leg.108 

Thirty-four to seventy-five percent of people with SCI experience at least one fall in their 

life,109–113 and most of them happen during walking;113 therefore, interventions to prevent falls in 

ambulatory individuals with SCI do not differ to those for able-bodied individuals at risk of a fall. 

Falls remain a major concern among wheelchair users, but their dynamics is different. Kirby et 

al114 administered a postal questionnaire to individuals with SCI living in Nova Scotia. Paraplegia 

or spina bifida, daily wheelchair use, male gender, younger age and propelling with both hands 

emerged as common factors associated with injurious wheelchair-related accidents. Among the 

577 people who answered the questionnaire, 57.4% reported that they had tipped over or fallen 

from their wheelchairs at least once, and 66% reported they had partially tipped. Finally, tipping 

and falling are the most common forms of accidents, and are responsible for 68.5% and 73.2% of 

fatal and nonfatal injuries, respectively. Wheelchair user typically fall during transfers, while 

trying to reach something, operating a van lift or playing sports.115,116 Wheelchair accidents occur 

mainly outdoors, and several environmental hazards, like uneven, wet or icy terrains, ramps and 

curbs, increase the risk of falls.114,116–118 Tips and falls often result in fractures (45.5%), lacerations 

(22.3%), and contusions/abrasions (20.1%),119 59% of fractures after SCI happen as a consequence 

of a fall.105 Therefore, prevention strategies for falls and fractures among individuals with SCI 

must consider the type of injury and daily habits of individuals, such as the amount of time spent 

on a wheelchair, especially outdoor, the modality of transfer, and the use of van lifts. 

 

1.2 The assessment of fracture risk 

1.2.1 Fracture risk calculators 

The identification of people at greater risk for fracture is a key step in fracture prevention. Apart 

from low bone mineral density (BMD), several risk factors (i.e., obesity, smoking, alcohol ≥3 

units/day, personal and/or family history of fragility and hip fractures, use of glucocorticoids, 

rheumatoid arthritis) have been associated with an increased risk of fragility fracture. FRAX®,120 

CAROC,121 Garvan122 and QFracture123,124 are the most common fracture risk assessment tools 
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used in clinical practice. The FRAX® tool120 was developed from nine population-studies (the 

Rotterdam Study, The European Vertebral Osteoporosis Study – later the European Prospective 

Osteoporosis Study (EVOS/EPOS), The Canadian Multicentre Osteoporosis Study (CaMos), 

Rochester, Sheffield, Dubbo, a cohort from Hiroshima and two cohorts from Gothenburg), and 

predicts the 10-year risk for hip and major osteoporotic fractures by combining clinical risk factors 

specific for a designated country with BMD at the femoral neck (however, the 10-year risk of 

injury can be also calculated without BMD). The Canadian Association of Radiologists and 

Osteoporosis Canada (CAROC) system for fracture risk assessment121 takes into account BMD, 

sex, age, prior fragility fractures, and glucocorticoid use; CAROC categorizes 10-year major 

osteoporotic fracture risk as low (<10%), moderate (10–20%), or high (>20%) and does not require 

computer or web access. The Garvan algorithm122 was created from baseline data of over 2,000 

men and women 60 years or older enrolled in the Dubbo Osteoporosis Epidemiology Study, and 

the 5- or 10-year fracture risk is calculated based upon 5 clinical risk factors with or without BMD. 

Finally, the QFracture tool123,124 was developed in the UK from a database of 3.7 million patients 

and can estimate the risk of fracture from 1 to 10 years including 25 clinical risk factors with or 

without BMD. However, even though these tools can estimate the fracture risk regardless of BMD, 

BMD alone has a higher gradient or risk (i.e., increase in fracture risk per each standard deviation 

decrease in BMD) compared to the clinical risk factors (excluding history of fracture);125 therefore, 

where possible, the inclusion of BMD in the fracture risk calculation is recommended. However, 

fracture risk assessment tools have not been validated in the SCI population,126 but different BMD 

fracture risk assessment methods or BMD thresholds have been proposed for people with SCI. 

Garland et al127 estimated a fracture threshold with a BMD ≤0.78 g/cm2 and a fracture breakpoint 

of ≤0.49 g/cm2. Eser et al128 identified fracture thresholds for femoral epiphysis trabecular vBMD 

(<114 mg/cm3) and tibia epiphysis trabecular vBMD (<72 mg/cm3), while, according to Lala et 

al129 the fracture threshold for tibial epiphysis should be elevated to 84 mg/cm3. 
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1.2.2 Assessment of areal bone mineral density (aBMD) 

Dual-Energy X-ray Absorptiometry (DXA) is the gold standard to evaluate areal bone mineral 

density (aBMD). Indeed, it has been demonstrated that the sensitivity of standard x-rays is not 

adequate to diagnose osteoporosis before it becomes severe enough to result in fractures.130 During 

DXA scans, energy beams of two different energies are produced by an x-ray tube and absorbed 

by the bone to an extent directly proportional to its density, and the beams that are not absorbed 

are detected on the other side of the body by a radiation detector. The energy of radiation absorbed 

by every pixel is converted into an areal density (g/cm2), and the sum of the number of pixels in a 

certain region of interest (ROI) is used to calculate the bone density.130–132 There are two different 

kinds of DXA machines: pencil-beam scanners, where a narrow pencil-shaped beam moves in 

tandem with a detector, and fan-array scanners, which consist on a broad fan-shaped beam and an 

array of detectors that allow an instantaneous quantification of the entire scan line with high 

precision and image resolution.132 The studies performed to compare the two types of machines 

revealed no or very slight differences.41,133,134  However, even though these discrepancies are not 

large enough to preclude the use of databases developed with pencil-beam scanners when using 

fan-array machines, this represents a potential source of error during longitudinal scans, that should 

not be performed without cross-calibrating the machine.135 

According to the International Society for Clinical Densitometry (ISCD), osteoporosis in 

postmenopausal women and men 50 years or older is diagnosed with a T-score at the lumbar spine 

(anteroposterior projection L1-L4), total hip or femoral neck less than or equal to -2.5.136 T-score 

corresponds to the number of standard deviations the patient’s aBMD is lower than the average 

peak aBMD of young females. Lateral spine projection, Ward’s triangle and greater trochanter 

should not be used for diagnosis because they tend to underestimate aBMD and may result in false 

diagnoses of osteoporosis.136,137 Even though the lateral spine projection eliminates confounding 

effects like cortical posterior elements, its application is not recommended due to the overlap of 

L1-L2 with the ribs and of L4 with the hip. 138–140 The 2019 ISCD official position statement 

recommends that women and men undergo BMD testing if they are at least 65 and 70 years old, 

respectively.136 People with SCI should have DXA scans of total hip, proximal tibia, and distal 

femur as soon as they are medically stable, and BMD at those sites is used to diagnose 
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osteoporosis, predict lower limb fractures and monitor treatments.141 However, standardized 

protocols developed by DXA machine manufacturers to measure aBMD at the distal femur or 

proximal tibia, the two most common fracture sites in the SCI population, are not currently 

available. The Toronto Rehabilitation Institute created a protocol to assess aBMD at the knee 

region utilizing the lumbar spine software and a specific calculator for distal femur and proximal 

tibia (available at the following link: https://kite-uhn.com/clinical/tools/knee-dxa-protocol).129 

DXA scanning tables have a weight limit of 136 kg, but abdominal width and thickness may 

be a source of errors also in obese adults and children weighting less than 136 kg.131,132 In addition, 

2D DXA imaging does not allow the distinction of the different bone components and, 

consequently, the understanding of the determinants of low bone mass. Furthermore, DXA images 

should be carefully reviewed due to several artifacts that may spuriously elevate – or, less 

frequently, lower – BMD. All the vertebrae affected by structural changes or artifacts must be 

excluded, and the ISCD recommends to base diagnoses on a different skeletal site if only one 

vertebra is eligible.136 Moreover, vertebrae should be excluded if there is a T-score difference of 

at least -1 with an adjacent vertebra.136 

 

1.2.3 Assessment of volumetric bone mineral density (vBMD) 

Computed tomography (CT) provides a spatial distribution of an X-ray absorption coefficient that 

is normalized to the absorption of water and air, and is defined as CT value expressed as Hounsfield 

units (HU).142 Quantitative computed tomography (QCT) is calibrated for BMD by means of a 

reference phantom located below the patient during the scan and provides 3D projections for the 

measurement of a volumetric BMD (vBMD) expressed as g/cm3.132,142 A series of axial CT images 

are reconstructed and transferred to an external computer, where a volume of interest (VOI) is 

identified. The ability of imaging a transverse slice through the abdomen that allows the distinct 

analysis of cortical and trabecular bone is the most relevant clinical application of QCT.143 This 

feature is important because, although trabecular bone is the most metabolically active, cortical 

bone may play an important role in determining fracture risk.144 On the other hand, the opportunity 

https://kite-uhn.com/clinical/tools/knee-dxa-protocol
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to exclude the vertebral body cortical shell from the VOI, allows the quantification of LS trabecular 

BMD, whose variation are much higher than DXA LS BMD.142,145 

The ISCD position statement affirms that QCT trabecular spine BMD predicts OVFs in 

postmenopausal women to the same extent that DXA LS BMD, but there are no data to make the 

same statement for men. Furthermore, total femur trabecular BMD but not trabecular spine BMD 

predicts hip fractures as well as DXA in both men and women.136 The ISCD recommend using L1 

and L2 for BMD analysis at the spine and from femoral neck to proximal shaft at the hip.136 One 

of the greatest advantages of QCT technology is the high precision (1%-2%) in the assessment of 

BMD of spine, hip and radius with a scanning duration in the order of seconds or a few minutes.145 

Peripheral QCT (pQCT) allows the assessment of muscle and bone at the proximal tibia, 

and it is particularly relevant in the SCI population, as the distal femur and proximal tibia are the 

sites where the greatest number of fractures occur. Furthermore, since radiosensitive organs are 

distant from the primarily exposed area, the radiation exposure associated with  pQCT is similar 

to the ones associated with DXA and single-slice qCT.146 pQCT scans are typically performed at 

4% (ultradistal), 38% and 66% of the tibial length moving distal to proximal, with the latter being 

used to estimate muscle size and fat infiltration. Giangregorio et al provided a detailed description 

of the procedures of image acquisition and analysis in people with SCI.147 CORTBD mode is used 

to calculate total, trabecular, cortical and subcortical bone densities and areas at the bone shaft, 

while CALCBD is used at the ultradistal tibia, and require the choice of a contour and a peel mode 

by the user. In line with a previous study,148 the authors used a contour mode 3 and a peel mode 2 

with inner and outer thresholds of 130 mg/cm3 and 400 mg/cm3, respectively, at the ultradistal 

tibia, and 710 mg/cm3 threshold to define cortical bone at the bone shaft. However, given the 

considerable endocortical resorption that takes place in people with SCI, the authors recommend 

considering a lower threshold before beginning the analysis.  

QCT technology presents some limitations. The angulation of the spine with reference to 

the scanner gantry and patient positioning across longitudinal scans are two significant 

challenges.143 Similarly, the identification of the same volume of interest (VOI) during 

longitudinal scans represent another potential source of error. One of the main limitations of QCT 

is the low spatial resolution that causes blurring of the bone cortex, thus increasing its thickness 
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with a consequent underestimation of BMD.145 High-resolution peripheral QCT (HRpQCT) 

offsets this issue thanks to an increased resolution that permits the imaging of single 

trabeculae.149,150 HR-pQCT allows the quantification of several macro and microstructural 

parameters, such as trabecular number (TbN), thickness (TbTh), spacing (TbSp), trabecular 

spacing standard deviation (TbSpSD) and cortical thickness, with an elevated precision ranging 

from 0.9% to 4.4%.150 However, this machine is currently available for distal radius and tibia, and 

the high doses of radiation represent the main drawback of this technique.  

 

1.2.4 Trabecular Bone Score (TBS) 

Trabecular bone score (TBS) is a textural index that estimates trabecular bone microarchitecture 

by evaluating pixel grey level variation in conventional DXA scans by using a specific software 

and without exposing patients to further radiations.151 The TBS iNsightTM software (Medimaps 

Group SA, Geneva, Switzerland) works on most GE and Hologic DXA scanners, and 

automatically provides TBS values with new DXA scans or calculates TBS values retrospectively 

from scans previously performed. DXA machines do not have a sufficient resolution to identify 

individual trabeculae, but the fractal dimension allows the estimation of the complexity of bone 

tissue structure based on the surface irregularity.152 Therefore, the tridimensional bone structure is 

projected onto a bidimensional plane, and a dense trabecular microstructure generates an image 

containing a large number of pixel-to-pixel grey-level variations of small amplitude, whereas a 

porous trabecular structure produces an image with a low number of pixel-to-pixel grey-level 

variations, but of much higher amplitude. The squared sum of the grey-level differences between 

pixels is used to calculate a variogram, which allows the user to estimate the tridimensional 

structure of the bone. TBS is calculated as the slope of the log-log transform of the variogram, 

where the slope is given by the amplitude of the grey-level variations. TBS is measured at the 

lumbar spine using the same ROI as the BMD measurement and, even though values are given for 

every single vertebra, the reported index is the average of the first four lumbar vertebrae.  In 

clinical practice, a TBS index corresponding to or greater than 1.350 is considered normal, between 

1.200 and 1.350 identifies a partially degraded bone microarchitecture, while an index lower than 
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1.200 indicates a degraded microarchitecture.153 TBS is negatively associated with weight, BMI 

and age,154–157 but it is not affected by sex after adjusting for abdominal and truncal soft tissue 

thickness158. The ISCD states that TBS can be used in association with FRAX® and BMD to adjust 

FRAX®-probability of fracture in post-menopausal women and older men.136 Indeed, TBS, alone 

and combined with LS BMD, improves the prediction of hip and major osteoporotic fractures 

compared to BMD alone and independently of FRAX®.159–162 

 

1.3 Rationale 

Individuals with SCI and those who experienced an OVF are populations at high risk of fracture 

or of sustaining a subsequent one; however, several gaps in terms of both risk assessment and 

interventions to prevent and manage fractures persist. At the present time, there are no risk 

assessment tools validated in people with SCI. Furthermore, individuals with SCI most commonly 

experience fractures at the distal femur and the proximal tibia, but the existing fracture risk 

assessment tools have poor sensitivity when it comes to identify people with SCI at higher risk. 

The ISCD states that people with SCI should have a DXA scan of the total hip, proximal 

tibia, and distal femur as soon as medically stable.136 However, some complications (e.g., 

contractures, heterotopic ossification, orthopedic hardware) may interfere with the acquisition of 

DXA scans, thus not allowing the estimation of BMD at body sites prone to fracture. For such 

individuals, looking at the LS might be an option. However, LS BMD appears to be within the 

normal range in people with SCI, and it is not clear whether some artifacts cause a spurious 

elevation of the BMD. Testing whether outcomes that proved to be effective in fracture risk 

prediction in the general population, without being affected by osteoarthritic changes, can be useful 

to estimate fracture risk assessment in the SCI population.  

Furthermore, individuals with SCI and OVFs are subgroups of people with osteoporosis 

that are at high risk of fractures and present unique impairments, limitations, and restrictions that 

require population-specific and individually tailored and interventions.  People with SCI often 

assume a hyperkyphotic posture, and the consequences of hyperkyphosis, as well as the association 

between hyperkyphosis and OVFs, made us plan on reviewing the literature on exercise for 
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hyperkyphosis, and designing a study to test whether an exercise intervention would improve 

posture in this population. However, due to the Covid-19 pandemic we had to revise our plan. 

OVFs are probably overlooked in people with SCI, but are also difficult to diagnose in the non-

SCI population, as two thirds of OVFs are asymptomatic and only one third come to clinical 

attention.26,34,163 Given the high risk of experience another OVF after the first one, and considering 

that symptomatic OVFs cause excruciating acute pain that, sometimes, become chronic, there is a 

need for interventions to manage OVFs.  A 2019 Cochrane review164 of exercise trials in people 

with OVF could include only 9 studies, and the findings  show that exercise may improve mobility, 

while the evidence on the effects on pain and health-related quality of life were inconclusive. 

Furthermore, people with OVFs present with physical, functional, psychological, and social 

impairments and there is very limited evidence as to how address such impairments.   Therefore, 

the first step to address this gap was to establish recommendations for the non-pharmacological 

management of OVFs, and then test the usability of a virtual rehabilitation intervention 

implementing the recommendations. Before developing a large-scale RCT, smaller studies that 

assess acceptability, usability, and feasibility are required. Covid-19 pandemic, as well as common 

barriers experiences by individuals with OVFs, such as transportation, bad weather, or lack of 

options for rehabilitation, made us decide to develop a virtual intervention. 

The present dissertation reports findings from my doctoral research, that was focused on 

providing clarity on fracture risk assessment and management in two sub-populations at high risk 

of fracture with unique impairments and activity limitations. Specifically, we studied factors 

influencing the validity of LS BMD in people with SCI (e.g., is it really within the normal range, 

or do other factors affect it? What are TBS values in people with SCI?). We also established 

consensus on the non-pharmacological management of OVFs, and then developed and evaluated 

the acceptability, and usability of a virtual intervention for the management of pain after OVF. 

1.3.1 Limitations of fracture risk assessment in individuals with SCI 

BMD is a predictor of future fractures; however, most osteoporotic fractures occur to people with 

BMD above the threshold for low bone mass.37 Indeed, fractures are a result of the imbalance 

between the force applied to the bone and the bone strength, and not only a consequence of low 
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BMD; furthermore, the mechanical properties of bone, its elasticity and rigidity are determined by 

microstructural (e.g., trabecular thickness and connectivity, cortical thickness and porosity) and 

ultrastructural (e.g., bone collagen, presence of crosslinks, etc.) parameters.165 The greatest bone 

loss after SCI occurs in the lower legs,166 but most of the fractures happen at the distal femur and 

proximal tibia.104,105,108 OVFs are rarely diagnosed in people with SCI, who have a lumbar spine 

aBMD within normal values.166–168 However, only one third of OVFs come to clinical attention in 

the general population,26,34,163 and this may happen also in the SCI population, where the absence 

of sensory function reduces the perception of pain,169 thus explaining the low number of 

ascertained OVFs. Furthermore, several factors may spuriously elevate aBMD in people with SCI. 

Heterotopic ossification (HO), degenerative joint diseases and calcifications are common after 

SCI.170–172 Preliminary data showed that HO leads to overestimation of total hip BMD,172 but the 

effects of these conditions have not been investigated in the lumbar spine. People with SCI who 

also have degenerative joint diseases have T-scores at the lumbar spine above the normal range 

when measured with DXA, but values indicating low bone mass when assessed with QCT.168 

Similarly, another cross-sectional study in people with SCI demonstrated that LS BMD measured 

with QCT was more than 2 standard deviations (SD) below the mean, while LS BMD assessed 

with DXA in the same population was more than 1 SD above the mean.173  

Fracture risk assessment tools have not been validated in the SCI population, and the 

CAROC and FRAX® tools demonstrated good agreement in postmenopausal women and men 

over 60 years of age and poor agreement in premenopausal women and young men in this 

population 126. The fact that CAROC cannot be applied to individuals younger than 50 years may 

represent a first explanation, given that SCI occur earlier in the life compared to the age these 

assessment tools have been designed for. Moreover, CAROC does not account for risk factors that 

are relevant in SCI (Table 1). Finally, they rely on femoral neck BMD, while the distal femur and 

proximal tibia are the most common fracture sites in people with SCI.104,105,108 Therefore, 

alternative solutions should be sought to assess risk of fractures in people with SCI. Considering 

that QCT and pQCT are not routinely performed in clinical practice, TBS may represent a valid, 

reliable, time- and cost-effective alternative to increase the accuracy of fracture risk assessment in 

people with SCI. In the healthy population, TBS, alone and combined with LS BMD, improves 



 

  

18 

the prediction of hip and major osteoporotic fractures,159–162,174 and a TBS-adjusted version of the 

FRAX® tool (https://www.sheffield.ac.uk/TBS/) is now available. To date, only one study 

assessed TBS in people with SCI;175 however, the authors applied an algorithm validated for the 

lumbar spine to the distal femur and proximal tibia, and the adoption of an incorrect 

methodological approach invalidates the results. Therefore, exploring the TBS values at the lumbar 

spine in people with SCI, the longitudinal changes in a 2-year period and the impact on the 

assessment of risk of fracture may be of clinical relevance. 

Table 1. Risk factors for lower extremity fragility fractures in people with spinal cord injury.98,107,127,176–182
 

Risk Factors for Lower Extremity Fragility Fracture After SCI 

Age > 50 years 

White/Caucasian race 

Alcohol intake > 5 servings per day 

BMI < 19 kg/m2 

Female gender 

Hip fracture in the last year or prior lower extremity fracture 

fracture 
Family history of fracture 

Age at injury < 16 years or duration of SCI ≥ 10 years 

Motor complete lesion (AIS A or B) 

Paraplegia 

O 

 

Osteogenesis imperfecta 

Routine use of benzodiazepines, anticonvulsants (i.e., carbamazepine, phenytoin), heparin, opioid analgesia  

(≥28 mg morphine for a 3-month period) 

 

1.3.2 Progressive resistance training for people at risk of fracture: where are we at? 

Exercise represents a non-pharmaceutical treatment for reducing the risk of falls and fracture, and 

to increase quality of life.183–185 Clinical practice guidelines recommend exercise to prevent future 

fractures; however, several concerns still need to be addressed. Elderly patients are often provided 

generic suggestions such as to walk or get more active without considering different types of 

exercise.23 This is a result of the lack of a systematic analysis of the literature regarding the effects 

of different kinds of exercise on health-related outcomes. Indeed, many trials have attempted to 

investigate the effects of different types of exercise, and the quality of the evidence and the risk of 

bias of those studies need to be assessed in a systematic review. Moreover, the target population 

of most of the studies are post-menopausal women, with or without osteoporosis and/or fractures. 

https://www.sheffield.ac.uk/TBS/
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Hence, there is a need to apprise and summarize with a systematic approach the findings from 

studies targeting older men and women at risk of or with low bone mass. 

 Two systematic reviews concluded that progressive resistance training (PRT) is an 

effective method to improve muscle mass and strength in frail adults or people with previous 

fractures.186,187 However, these systematic reviews did not consider relevant outcomes such as 

fracture risk, falls and adverse events, physical performance and quality of life. There is evidence 

acknowledging positive effects of PRT in maintaining or increasing  BMD.188 A meta-analysis of 

15 RCTs reported positive effects of resistance training on spine, hip and femoral neck BMD in 

post-menopausal women.189 Similarly, a Cochrane review highlighted increments in spine and hip 

BMD after resistance training or combined resistance and aerobic training in post-menopausal 

women 45-70 years old.190 On the other hand, a recent systematic review of 8 RCTs including PRT 

and multiple exercise interventions showed only modest effects on BMD in older men.191 

However, low BMD represents only one of the risk factors for fracture. It is important to also 

assess the effectiveness of PRT for improving mobility, functionality, reducing risk of falls, and 

improving quality of life. Therefore, a systematic approach to analyze the outcomes of these 

studies is needed to make recommendations.   

Furthermore, there is no evidence on risk of fractures and/or serious adverse events during 

exercise, thus making clinicians uncomfortable when prescribing specific types of exercise. 

Potential adverse events occurring among people at high risk of fractures during physical activity 

and transfers must be considered when prescribing exercise programs, especially among older 

adults, who present a higher risk of falls and fractures. Therefore, safety of PRT training programs 

is another outcome that is worth investigation among the currently available literature, to 

encourage people to exercise but also making clinicians more comfortable when prescribing 

exercise. Exercise prescriptions aiming to prevent fracture must be individually tailored and 

specific regarding frequency, intensity, type and time of the training protocol. There is the need 

for a systematic review to establish the efficacy of PRT in reducing falls rate, fractures, adverse 

events, as well as improving mobility and quality of life in older adults with low bone mass or 

OVFs. Furthermore, in light of new PRT trials, a new systematic review was needed update the 
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upcoming Clinical Practice Guidelines for Management of Osteoporosis and Fracture Prevention 

in Canada. 

1.3.3 The limited evidence on exercise for improving posture in people with hyperkyphosis 

The evidence regarding the benefits of exercise on improving posture in adults with hyperkyphosis 

is scarce and conflicting, and systematic reviews could not demonstrate consistent improvements 

after different kinds of exercise programs. Three narrative reviews192–194 highlight the need for 

further studies to assess the real efficacy of exercise in improving hyperkyphotic posture, as the 

available literature reports no-to-little improvements, and the heterogeneity of the studies does not 

allow to make inferences about the ideal frequency, intensity, type and duration of the exercise 

programs. A 2014 systematic review from our lab195 could not perform a meta-analysis due to the 

limited number of available randomized controlled trials. The quality of the included studies was 

often low, with conflicting results: despite the modest improvements in posture observed after a 

few supervised exercise protocols, other studies showed no effect. A recent meta-analysis196 

showed modest improvement of kyphotic curvature after exercise programs, especially when only 

moderate or high-quality studies were pooled (standardized mean difference [SMD]: -3.56 

degrees, 95% confidence intervals [CI]: -5.36, -1.79, 5 studies). However, the authors included 

studies with participants at least 18 years old, while osteoporosis-related hyperkyphosis typically 

has its onset after 40 years of age, and the evidence in the effects of exercise among people at least 

40 years old with hyperkyphosis is still scarce. Furthermore, the authors included only RCTs and, 

given the limited number of available studies, the inclusion of non-randomized trials could 

substantiate the findings. Moreover, the exclusion of trials where physical therapy was part of the 

intervention can represent a limitation, as corrective programs for hyperkyphosis generally 

combine exercise and manual therapy. Finally, it is still unclear whether changes in back extensor 

strength affect spine curvature; therefore, including outcomes like back extensors strength and 

endurance may provide some insight.  

 Therefore, we decided to update the previous systematic review from Bansal et al195 about 

the effects of exercise on improving hyperkyphotic posture in people at least 45 years old. Given 

the association between hyperkyphosis and risk of fracture,32–34,54,197 the findings will inform the 
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upcoming Canadian Guidelines for Prevention and Management of Osteoporosis, providing 

evidence about the benefits and safety of exercise interventions for back extensor muscles in 

people at risk of fracture.  

1.3.4 Challenges in delivering non-pharmacological interventions to people with osteoporotic 

vertebral fractures 

Individuals with OVFs should be involved in management and preventative therapies, but the 

absence of specific exercise guidelines for people with OVFs198 represents a barrier for healthcare 

providers to the prescription of exercise programs. Despite the paucity of the evidence available, 

exercise recommendations for people with OVFs encourage resistance, balance and aerobic 

exercise training after consultation with a physical therapist to ensure the adoption of spine sparing 

strategies.183,199 In a 2019 Cochrane review164 on the effects of exercise in people with OVFs, we 

reported that the number of studies is inadequate to determine the effects on falls, fractures, adverse 

events, pain and health-related quality of life (HRQoL), while the small improvement in the Timed 

Up and Go test was statistically significant but not clinically important. Accordingly, a recent 

multicentre pilot RCT (the B3E study) showed improvement in the 5-time sit-to-stand test after a 

12-month home strength and balance exercise program, but no effects on pain, HRQoL and fear 

of falling.200 However, fear of falling and dynamic balance improved in 76 Norwegian women 

with OVFs after a 12-week home multicomponent exercise program.201 People with vertebral 

fractures have high fear of falling with consequent reductions in exercise self-efficacy;202 

therefore, future RCTs with adequate sample size should assess whether home exercise programs 

have beneficial effects on pain, fear of falling and HRQoL. 

 Adherence to exercise programs may be a concern among people with OVFs.203 However, 

adherence to exercise was not influenced by fear of falling or exercise self-efficacy in the B3E 

study,204 and sensitivity analyses including only individuals with adherence ≥ 80% did not show 

statistically significant effects.203 A recent pilot study evaluated the feasibility and acceptability of 

a technology-based exercise program to improve posture among people with hyperkyphosis.205 

The authors delivered the exercise program via videoclip links prompted by text messages, and 

the adherence to video viewing was 100%, while the good practice of posture training at home was 
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71% (range 0-100). The feasibility and acceptability of the program, the promising results in 

posture improvement and physical activity levels,205 and the association between hyperkyphosis 

and OVFs,31–33,197 suggest testing the effects of the program on a larger scale and/or in other 

populations, such as people with OVFs. Moreover, attending in-person exercise programs during 

the COVID-19 pandemic is not possible, and as programs reopen, fear of in-person contact may 

still pose challenges. Exercise is recommended to prevent health complications due to a sedentary 

lifestyle but also to alleviate the psychological effects of the quarantine.206 Exercise delivered 

remotely may represent a solution to offset the physiological and psychological consequences of 

the quarantine. Therefore, technology-based interventions need to be pilot tested and then 

implemented on a larger scale in different populations.  

 

1.4 Thesis objectives 

The objectives of this thesis were: 1) to describe potential sources of error during LS bone 

densitometry; 2) to explore trabecular bone score (TBS) values in individuals with SCI, and the 

applicability of TBS in fracture risk assessment; 3) to synthetize the evidence on the effects of 

PRT on health-related outcomes in people with low bone mass, with and without OVFs; 4) to 

synthetize the evidence of exercise on posture- and health-related outcomes in people with 

hyperkyphosis 5) to establish recommendations for the non-pharmacological management of 

osteoporotic vertebral fractures; 6) to co-develop a virtually delivered education and training 

program on safe movement, pain management, nutrition, and exercise among people with 

osteoporotic vertebral fractures, and to test its acceptability and usability.
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Chapter 2 
Novel insights on fracture risk assessment in individuals with spinal cord 

injury  

 

The findings from this chapter will be disseminated as two manuscripts that are currently being 

prepared for submission. 

 

2.1 Study 1. An exploration of potential sources of error during lumbar spine bone 

densitometry (DXA) in individuals with spinal cord injury  

2.1.1 Introduction 

People with spinal cord injury (SCI) experience a considerable loss of bone after the injury, which 

results in an increased risk of fracture.94,101,207 Bone loss is greater in the lower extremities, and 

lumbar spine (LS) bone mineral density (BMD) in people with SCI has been reported to be within 

the normal range or even higher when assessed with DXA.166–168 However, a cross-sectional study 

in people with SCI demonstrated that LS BMD measured with QCT was more than 2 standard 

deviations (SD) below the mean, while LS BMD assessed with DXA in the same population was 

more than 1 SD above the mean.173 It is hypothesized that, among people with SCI, there are 

sources of error that lead to a spurious increase in LS BMD. 

Several sources of errors in acquisition, analysis and interpretation of bone densitometry 

scans have been reported in the general population. A cross-sectional study reported that 75% of 

men and 61% of women had osteophytes, and 20% of men and 10% of women with osteoporosis 

were misdiagnosed.208 On average, osteophytes spuriously increase LS BMD by 10%, with a range 

from +14% at L1 to +9% at L4.209,210 Drinka et al developed a grading for facet sclerosis (from 0, 

indicating the absence of sclerosis, to 3, indicating marked sclerosis) and observed that grade 2 

and 3 sclerosis resulted in false increases of LS BMD.211 Furthermore, compression fractures 

falsely increase BMD and, if not excluded from analysis, could lead to erroneous BMD and 

fracture risk assessment.212 Incorrect positioning of the patient during the scan, wrong labeling of 

vertebrae and variability in the identification of regions of interest in case of longitudinal follow 

ups are other commonly reported sources of error.213 On the other hand, rotations of the spine for 

any reasons, such as roto-scoliosis, ascites, laminectomy and spina bifida generally decrease LS 

BMD.137,212,214  
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Heterotopic ossification, degenerative joint diseases and calcifications are common after 

SCI,170–172 but their effect on spine densitometry has been poorly investigated. Findings from a 

cross-sectional study showed that heterotopic ossification falsely increased total hip BMD,172 but 

the effects of heterotopic ossification on LS BMD was not an objective of the study. A cross-

sectional study showed that people with SCI who also have degenerative joint diseases had T-

scores at the lumbar spine above the normal range when measured with DXA but values indicating 

low bone mass when assessed with QCT.168 However, the SCI sample size was limited, and the 

authors only focused on degenerative joint diseases without considering other potential 

confounders. Therefore, the aim of this study was to describe the prevalence of potential sources 

of error that may alter LS BMD measurement in a cohort of individuals with chronic SCI.  

 

2.1.2 Methods 

Participants and study design  

We reviewed baseline and 2-year follow up DXA scans from a cohort of men and women with 

chronic SCI.  Participants with chronic traumatic SCI were recruited from outpatient physiatry 

clinics at two tertiary SCI rehabilitation hospitals in Ontario (Canada) according to the following 

inclusion criteria: a) age > 18 years; b) ability to communicate in English and to give informed 

consent; c) a spinal cord impairment (C2-T12) of sudden onset (< 24 hours) associated with a 

stable motor neuron, neurologic deficit of trauma-like etiology occurred at least 24 months prior 

the beginning of the study. Exclusion criteria were: a) current or prior known conditions other than 

paralysis that are known to influence bone metabolism including: oral glucocorticoid use for ≥ 3 

months, malignancy, known liver or malabsorption condition; b) weight > 150 kg (maximum 

tolerance for bone density machines); c) contraindications to pQCT testing (e.g. bilateral metal 

implants, severe spasticity and allergy to Ativan); d) women who either are or are planning to 

become pregnant.  

 

BMD and technical issues  

Lumbar spine scans were performed using a Hologic DXA device (Hologic Inc., MA, USA) 

according to the standardized protocol provided by the manufacturer. Trained technologists 

performed the scans. Intra-class correlation coefficients for repeated distal femur and proximal 

tibia BMD measures in our lab are 0.99 and 0.97, respectively. Each scan was examined by two 
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independent physicians for the presence of potential sources of error in LS BMD measurement. 

The physicians commented on whether the scan is appropriate for BMD analysis, should be re-

analyzed, or be removed from the dataset. Based on the literature available and on clinical 

experience, the following issues have been identified as potential confounders during BMD 

measurement: a) incorrect positioning, observable as the spine is not straight nor centered in the 

field of view due to improper positioning; b) problems with detection of bone edge due to low 

image quality or other reasons; c) errors in labeling vertebrae; d) inconsistent BMD across 

vertebrae, where there is a >1 T-score difference between a vertebra and the adjacent 

vertebra/ae;215 e) less than three contiguous vertebrae are appropriate for analysis; f) OVFs, 

recognized as loss of height in the anterior, middle or posterior segment of a vertebra according to 

the Genant method (Grade 1: < 25%, Grade 2: 25-40%, Grade 3: >40%);47 g) surgical procedures 

and orthopedic hardware that may alter BMD (e.g. disc replacement, spinal fusions, pedicle 

screws, laminectomy, vertebral augmentation, etc.); h) heterotopic ossification; i) evidence of 

degenerative joint diseases, such as osteophytes, loss of joint space, identified as pathological 

hardening of tissue, especially from overgrowth of fibrous tissue or increase in interstitial tissue, 

or facet sclerosis; j) extraneous calcified tissue (e.g., atherosclerotic or pancreatic calcifications, 

kidney stones, etc.). Furthermore, the raters reported on any other issues they observed and 

considered relevant. The study received ethics approval from the Clinical Research Ethics Board 

at the University of Toronto. 

 

Statistical analysis  

We used mean (standard deviation) to present continuous variables, and number (percent) to report 

categorical variables. We reported the prevalence of each issue and the level of severity, where 

relevant. The raters reported the observed issues on a form for each scan, and assessed the 

presence/absence of issues with three answer options: “YES”, if the issue was observable; “NO”, 

if the issue was not present; “UNCLEAR”, if the quality of the image did not allow to determine 

the presence/absence of the issue. We calculated the agreement between raters on the 

presence/absence of each issue using Cohen’s kappa. Kappa values <.20 indicate slight agreement, 

values between .21 and .40 fair agreement, values between .41 and .60 moderate agreement, values 

between .61 and .80 good agreement, and values between .81 and 1 indicate very good 



 

 26 

agreement.216 Statistical analysis was performed with SPSS Statistics version 28.0.1 (Armonk, 

NY, USA).  

 

2.1.3 Results  

We reviewed 115 lumbar spine DXA scans from 58 participants (Table 1), and 107 (93.0%) scans 

from 52 participants presented at least one source of error. At baseline, the average number of 

potential sources of error per scan was 5.5 ± 1.7 and 5.7 ± 1.5 according to rater 1 and rater 2, 

respectively. Follow up scans presented an average of 5.6 ± 1.6 and 5.7 ± 1.4 potential sources of 

error according to rater 1 and rater 2, respectively (Table 2). In addition, one rater reported that 

obesity was observable in 14 scans from 8 participants. 

Table 2. Demographic and anthropometric characteristics of the participants. 

 
Total 

(n = 58) 

Age (years) 

(mean ± SD, median) 
48.5 ± 11.8, 28 

Males (n, %) 42 (72.4%) 

Females (n, %) 16 (27.6%) 

Time from injury (years)  

(mean ± SD, median) 
15.0 ± 10.3, 11 

AIS A-B (n, %) 36 (62.1%) 

AIS C-D (n, %) 22 (37.9%) 

Tetraplegia (n, %) 32 (55.2%) 

Paraplegia (n, %) 26 (44.8% 

Height (cm) 

(mean ± SD) 
176.6 ± 8.8 

Weight (kg) 

(mean ± SD) 
81.0 ± 18.0 

BMI (kg/m2) 

(mean ± SD) 
25.9 ± 5.1 

Femoral neck T-score -2.0 ± 1.1 

Lumbar spine T-score -0.1 ± 1.5 

History of fracture (n, %) 15 (25.9%) 

Currently on bisphosphonate therapy (n, %) 45 (77.6%) 

Currently on calcium supplementation (n, %) 49 (48%) 

Currently on vitamin D supplementation (n, %) 52 (89.7%) 
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Table 3. Prevalence of potential sources of error in the DXA scans reviewed. 

Potential sources of error 

(Number of scans, % of total number of scans) 

Baseline Follow up 

Rater 1 Rater 2 
Interrater 

agreement 
Rater 1 Rater 2 

Interrater 

agreement 

DXA scan not appropriate for BMD analysis* 16, 27.6% 5, 8.6% k = .799, p<.001 13, 23.2% 4, 6.8% k = .807, p<.001 

Incorrect positioning of the patient for the scan 4, 6.9% 11, 19.0% k = .515, p<.001 4, 7.1.5% 9, 16.1% k = .849, p<.001 

Bone edges not clearly detectable 18, 31.0% 6, 10.3% k = .678, p<.001 18, 32.1% 6, 10.7% k = .659, p<.001 

Errors in labelling vertebrae  1, 1.7% 5, 8.6% k = .861, p<.001 1, 1.8% 3, 5.4% k = .857, p<.001 

Outlier BMD values in some regions or vertebrae 28, 48.3% 24, 41.4% k = .609, p<.001 32, 57.1% 23, 41.1% k = .667, p<.001 

Less than three contiguous vertebrae appropriate for 

analysis 

14, 24.1% 6, 10.3% k = .800, p<.001 15, 26.8% 4, 7.1% k = .795, p<.001 

OVFs 3, 5.2% 1, 1.7% k = .845, p<.001 3, 5.4% 0 k = .856, p<.001 

Previous surgical procedures 4, 6.9% 4, 6.9% k = .923, p<.001 3,5.4% 3, 5.4% k = .937, p<.001 

Facet sclerosis or osteophytes 21, 36.2% 30, 59.7% k = .707, p<.001 20, 35.7% 35, 62.5% k = .632, p<.001 

Heterotopic ossification 2, 3.4% 3, 5.2% k = .860, p<.001 2, 3.6% 2, 3.6% k = .871, p<.001 

Extraneous calcified tissue 0 0 k = .920, p<.001 0 0 k = .866, p<.001 

Average number of issues per scan (mean ± SD) 5.4 ± 1.7 5.6 ± 1.5  5.6± 1.6 5.7 ± 1.4  

NOTE.  The first three columns refer to baseline scans: two columns report the number and percentage of scans that presented each of the potential sources of 

error, while the third column reports the interrater agreement. The fourth and the fifth column reported the number and percentage of follow up scans that presented 

each of the potential sources of error; the sixth column reported the interrater agreement on the review of follow up scans. * DXA scan is not appropriate for BMD 

analysis if presents one of the following: only 1 vertebra is appropriate for analysis; ≥ 3 vertebrae with bone edges not clearly detectable; patent incorrectly 

positioned; heterotopic ossification across the first four lumbar vertebrae (L1-L4); extraneous calcified tissue interfering with BMD analysis at ≥ 3 vertebrae; 

degenerative joint disease ≥ 3 vertebrae; any other potential sources of error that make the scan ineligible for analysis. OVF = osteoporotic vertebral fracture.
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2.1.4 Discussion  

The present exploratory analysis showed that up to 27% of the LS DXA scans in people with 

chronic SCI may not be appropriate for BMD analysis, and 93% of the scans presented at least one 

potential source of error. Facet sclerosis or osteophytes, challenging in detecting bone edge, and 

outliers BMD values, that often do not allow to have three adjacent vertebrae appropriate for BMD 

analysis, were the most common potential sources of error. Interrater agreement was good overall; 

however, we noticed an interrater difference greater than 10% on six items, which warrants further 

exploration for the clinical interpretation of the results.   

 The findings from this study validate existing recommendation to not consider LS BMD 

for fracture risk assessment and management in people with SCI.182,215 Facet sclerosis and 

osteophytes were the most prevalent issues in our cohort, and they have been reported to spuriously 

increase BMD by up to 24%.217 The high percentage of degenerative changes most likely explains 

the high number of scans that presented vertebrae with outlier BMD values. Outlier BMD values 

among vertebrae may identify OVFs or degenerative changes, and BMD values that are not 

increasing from L1 to L3, or that are increasing from L3 to L4 should raise some concerns.218 The 

International Society of Clinical Densitometry recommends that at least two adjacent vertebrae 

must be appropriate for BMD analysis.136 We decided to report on how many scans presented at 

least three contiguous vertebrae, to be conservative in terms of statistical accuracy and precision.136 

Lateral scanning of the lumbar spine may allow to exclude degenerative changes from the ROI,219 

but the International Society for Clinical Densitometry guidelines do not support such variation in 

routine clinical practice.136  

Our data showed good or very good interrater agreement on the detection of potential 

sources of error. Nonetheless, a great percentage differences between raters was observed six 

items, and differences in interpretation may lead to incorrect decisions in clinical practice. The 

identification of potential sources of errors is not straightforward; some artifacts may be suspected, 

but the quality of DXA images does not always allow the identification of specific issues. 

Furthermore, even though localized degenerative joint disease is relatively easy to detect, its 

identification becomes more challenging when present at multiple levels of the lumbar spine in a 

relatively homogeneous pattern.220 However, DXA is not performed for diagnostic purposes with 

regards to any of the conditions considered in the present paper, and the reported prevalence of 
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potential sources of error deemed to have a larger effect on BMD (e.g., surgical hardware, 

heterotopic ossification) was very similar across raters. 

 This study presents some limitations. In bone densitometry, errors can happen during scan 

acquisition, analysis, or interpretation, but the quality of the images does not always allow to 

discern between positioning errors and presence of actual sources of error. Lateral spine scans or 

qCT imaging would have allowed to quantify the impact of sources of error on BMD; however, 

this study was a secondary data analysis from an established cohort, and neither lateral spine scans 

nor qCT were performed. Finally, the forms used by the raters to document the technical issues 

were designed by the authors. Even if a training session was scheduled before the beginning of the 

study, involving the raters in the design of the forms and in the choice of the answer options would 

have minimized discrepancies in the interpretation of the issues observed. 

2.1.5 Conclusion 

Facet sclerosis and osteophytes and challenges in detecting bone edges are the most common 

sources of error in LS DXA scans among people with SCI, and most of the scans presented 

vertebrae with outlier BMD values. The high prevalence of potential sources of error validates 

extant recommendations against the use of LS BMD for fracture risk assessment in people with 

SCI. 

2.2 Study 2. Trabecular Bone Score as a Tool to Estimate Fracture Risk in Individuals with 

Chronic Spinal Cord Injury? 

 

2.2.1 Introduction 

Individuals with motor complete spinal cord injury (SCI) are at high risk for sublesional 

osteoporosis, with sizable declines in bone and muscle mass below the level of injury 94,101,207,221–

223. The proximal tibia and distal femur are the most common sites for fractures after SCI 

94,101,107,207,221–224. Fractures often lead to complications including delayed healing, pressure sores, 

cellulitis and pneumonia 169,225 and a five-year increase in mortality 226. Prevention of fracture 

related morbidity and mortality necessitates reliable tools for detecting low bone mass and 

accurately estimating fracture risk.  
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Lumbar spine (LS) bone mineral density (BMD) and femoral neck (FN) T-scores are 

independent predictors of major osteoporotic fractures  in the general population 227,228. Fracture 

risk in people with SCI is closely associated with total hip, femoral neck, distal femur and proximal 

tibia BMD and duration of injury 128,229. However, people with SCI generally present with a LS 

BMD that is equivalent to or higher than their age-matched peers when assessed with dual-energy 

x-ray absorptiometry (DXA) 166,167. Several factors, such as posterior element changes due to 

degenerative joint disease, aortic calcification or calcifications of the longitudinal ligaments, may 

result in spurious overestimation of LS BMD, 170–172 and consequently, an underestimation of 

fracture risk. A cross-sectional study by Liu et al. 173 reported that the LS volumetric BMD 

(vBMD) measured with QCT in 29 individuals with chronic SCI was more than two standard 

deviations below the mean of aged-matched controls, while LS BMD assessed with DXA in the 

same subgroup was more than one standard deviation above the mean. This controversy regarding 

the differences in interpretation of lumbar spine areal and volumetric BMD is in part be explained 

by the differences in the technologies163,230–235. However, there is growing recognition in the field 

of densitometry that the assessment of Trabecular Bone Score (TBS), an indirect method to 

estimate bone microarchitecture independent of bone mineral density, may offer an alternate 

perspective on lumbar spine BMD interpretation among many impairment cohorts (i.e. diabetes, 

kidney transplant, parathyroid disease) including individuals with chronic SCI. 215 The 

International Society of Clinical Densitometry (ISCD) recommends that TBS can be used in 

association with FRAX® and BMD to adjust FRAX®-probability of fracture in post-menopausal 

women and older men, 215 and the adjustment of FRAX® for TBS results in a small yet statistically 

significant increase in fracture risk estimation 174. 

TBS is a textural index that evaluates pixel grey level variation in DXA images, thereby 

providing an indirect estimation of trabecular bone microarchitecture without exposing the patient 

to additional sources of radiation 151. Several cohort studies have reported that TBS, both alone or 

combined with LS BMD values, improves the prediction of major osteoporotic and hip fractures 

in the general population as compared to BMD alone 159–162. Furthermore, a meta-analysis of 14 

prospective cohort studies in able-bodied men and women without SCI showed that TBS is a 

predictor of fracture risk, independent of FRAX® 174. However, there are no current fracture risk 

assessment tools validated in people with SCI, and the CAROC and FRAX® tools demonstrated 
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good agreement in postmenopausal women and men over 60 years of age and poor agreement in 

premenopausal women and young men in this population 126. We do not know whether the analysis 

of LS TBS may add value to FRAX® in the prediction of major osteoporotic fractures in 

individuals living with chronic SCI. Therefore, the goal of this study was to describe LS TBS 

values after SCI, and to explore the agreement in risk of major osteoporotic fractures, and hip 

fractures between FRAX® and TBS-adjusted FRAX® in people with SCI.  

 

2.2.2 Methods 

Participants and study design  

An exploratory secondary analysis was conducted using baseline data from an established cohort 

(n=70) 126,129.  Participants with chronic traumatic SCI were recruited from outpatient physiatry 

clinics at tertiary SCI rehabilitation hospitals in Ontario (Canada) according to the following 

inclusion criteria: a) age ≥ 18 years; b) ability to communicate in English and to give informed 

consent; c) a spinal cord impairment (C2-T12) of sudden onset (< 24 hours) associated with a 

stable motor neuron, neurologic deficit of trauma-like etiology occurred at least 24 months prior 

the beginning of the study. Exclusion criteria were: a) current or prior known conditions other than 

paralysis known to influence bone metabolism including: oral glucocorticoid use for ≥ 3 months, 

malignancy, known liver or malabsorption condition; b) weight > 150 kg (limit for dual-energy X-

ray absorptiometry scanner); c) contraindications to pQCT testing (e.g. bilateral metal implants, 

severe spasticity and allergy to Ativan); d) women who either were pregnant, or were planning to 

become pregnant. Additional exclusion criteria specific to this analysis were applied. We excluded 

data from participants with orthopedic hardware within the lumbar spine region of interest as this 

precluded accurate BMD estimation and calculation of TBS values (i.e., three contiguous vertebrae 

in region of interest were required). Furthermore, we excluded LS scans performed prior to 2014, 

as they were not compatible with the version of TBS analysis software installed on the 

densitometer in our bone density lab. The study received ethics approval from the Clinical 

Research Ethics Board at the University of Toronto.  

 

Demographics and medical history  
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Sociodemographic data, medical history, and injury characteristics were collected for every 

participant to describe the cohort members and calculate the 10-year fracture risk probability using 

Canadian FRAX® 120. Information regarding medications, co-morbidities, and tobacco use were 

collected by using a subset of questions from the CaMOS medical history questionnaire 236, while 

alcohol consumption was investigated using the CAGE questionnaire 237. Level and completeness 

of injury were assessed by a physiatrist according to the International Standards for Neurological 

Classification of SCI (ISNCSCI) 238.  

Bone mineral density and TBS measurement 

Lumbar spine, total hip and femoral neck, DXA scans were acquired by a ISCD certified 

technologist using a Hologic Discovery QDR 4500 (Hologic Inc., MA, USA) according to the 

standardized protocols provided by the manufacturer. TBS measurements were performed using 

the TBS iNsightTM software version 2.1.2.0 (Medimaps, Merignac, France). We used proposed 

thresholds for bone microarchitecture and estimated fracture risk based on TBS. TBS values 

≥1.350 indicate a normal bone microarchitecture, values between 1.350 and 1.200 indicate 

partially degraded bone microarchitecture, while values below 1.200 indicate degraded bone 

microarchitecture 153.  TBS values > 1.310 correspond to a low risk of fracture, values between 

1.310 and 1.230 correspond to moderate risk of fracture, and values below 1.230 correspond to 

high risk of fracture 174.  

 

The Canadian version of FRAX® (https://www.sheffield.ac.uk/FRAX/tool.aspx?country=19) 

including femoral neck BMD (g/cm2) was used to calculate the risk for major osteoporotic and hip 

fractures. The TBS-adjusted FRAX® (https://www.sheffield.ac.uk/TBS/) was used to determine 

the risk of fracture when TBS was considered. Fracture risk values ≥ 20% for major osteoporotic 

and ≥ 3 % for hip fractures are the commonly applied treatment thresholds 239. 

 

DXA scans of the distal femur and proximal tibia were acquired using a polycarbonate-positioning 

device and analyzed using the Hologic LS software. Distal femur and proximal tibia BMD T and 

Z-scores were obtained from a local normative dataset for patients with SCI between the ages of 

18-70 years of age (https://kite-uhn.com/clinical/tools/knee-dxa-protocol). Intra-class correlation 

https://www.sheffield.ac.uk/FRAX/tool.aspx?country=19
https://www.sheffield.ac.uk/TBS/
https://kite-uhn.com/clinical/tools/knee-dxa-protocol
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coefficients for repeated distal femur and proximal tibia BMD measures using the LS protocol in 

our lab are 0.99 and 0.97, respectively.  

Statistical analysis  

Descriptive statistics, mean (standard deviation) or median (minimum-maximum) for continuous 

variables and number (percent) for categorical variables, were used to present data regarding 

demographics, health status, BMD, TBS, and fracture risk. A Welch’s T-test was performed to 

explore differences in TBS, FRAX® and TBS-adjusted FRAX® between men and women, between 

participants ≤49 years and ≥50 years, and between subgroups with and without history of fracture 

and with complete and incomplete injury. The agreement between FRAX® and TBS-adjusted 

FRAX® was assessed with a two-way mixed model interclass correlation coefficient (ICC(3,1)) and 

Bland-Altman plots. ICC values above 0.75 indicate good agreement, while those below 0.75 

indicate poor agreement.240 Since TBS assessment is only validated in subjects with BMI values 

between 15 kg/m2 and 35 kg/m2 151, a sensitivity analysis including only people with BMI within 

this range was performed to verify if including people beyond this range may affect TBS 

measurements. Subgroup analyses based on sex, history of fragility fracture, and severity of injury 

(ASIA A-B vs ASIA C-D), three risk factors for fragility fractures in people with SCI 98,107,127,176–

179 are also presented. Statistical analysis was performed with SPSS Statistics version 24 (Armonk, 

NY, USA). 

 

2.2.3 Results  

DXA scans were performed on 70 participants; ten individuals were excluded due to the presence 

of hardware within the lumbar spine region of interest, one individual was excluded because BMD 

was not available for femoral neck due to the presence of hardware, and 22 scans were excluded 

as they were performed prior to 2014, and not compatible with the version of the TBS software 

installed in our lab. Therefore, baseline scans from 37 participants (age 54 ± 12 years; men n = 28, 

women n = 9; AIS: A-B n = 22, C-D n = 15; history of fragility fractures: n = 16; bisphosphonates 

therapy n =29) were included in the analysis (Table 1).  

The mean BMD of the LS was 1.184 ± 0.225 g/cm2., the femoral neck was 0.707 ± 0.195 

g/cm2, distal femur 0.651 ± 0.206 g/cm2 and proximal tibia at 0.542 ± 0.145 g/cm2 (Table 2). The 
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mean TBS was 1.324 ± 0.114 for men, and 1.380 ± 0.082 for women (Table 2). Twenty participants 

(54%, men: n = 16, women: n = 4) had degraded or partially degraded bone microarchitecture 

based on TBS. The mean 10-year fracture risk was 9.4% ± 12.9% for major osteoporotic fracture 

and 4.9% ± 12.5% for hip fracture for men, and 7.7% ± 5.4% and 1.6 ± 1.6% for women (Table 

3). When adjusted for TBS values, the average 10-year fracture risk was 6.5% ± 6.7% for major 

osteoporotic fracture and 3.3% ± 7.6% for hip fractures for men, and 7.1% ± 4.9% and 1.3% ± 

1.5% for women (Table 3). No statistically significant differences in TBS or fracture risk were 

observed between men and women, and participants ≤49 years and ≥50 years, nor between 

subgroups with complete and incomplete injury.  

 

 

 

Table 4. Demographic and anthropometric characteristics of the participants. 

 
Total 

(n = 37) 

Men 

(n = 28) 

Women 

(n = 9) 

Age (years) 

(mean ± SD, median) 

54.0 ± 12.3, 

52.2 

54.6 ± 11.8, 

53.5 

52.4 ± 14.1, 

49.9 

Time from injury (years) 

(mean ± SD, median) 
18.3 ± 8.5 14.8 18.2 ± 8.6, 13.5 18.5 ± 8.7, 14.8 

Height (cm) 

(mean ± SD) 
175.1 ± 8.9 178.2 ± 7.5 166.0 ± 6.8 

Weight (kg) 

(mean ± SD) 
79.2 ± 16.4 82.6 ± 16.6 68.7 ± 11.2 

BMI (kg/m2) 

(mean ± SD) 
25.7 ± 4.4 25.9 ± 4.5 25.0 ± 4.4 

History of fracture (n, %) 16 (42%) 10 (36%) 6 (60%) 

AIS A-B (n, %) 22 (59%) 18 (64%) 4 (44%) 

AIS C-D (n, %) 15 (41%) 10 (36%) 5 (56%) 

Currently on bisphosphonate therapy (n, %) 29 (78%) 22 (79%) 7 (78%) 

Currently on calcium supplementation (n, %) 36 (97%) 27 (96%) 9 (100%) 

Currently on vitamin D supplementation (n, %) 37 (100%) 28 (100%) 9 (100%) 
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The 10-year fracture risk for major osteoporotic fractures was higher in individuals with a 

prior fragility fracture (i.e., the option “yes” was selected for the risk factor “previous fracture” 

when calculating the FRAX®) compared to those without, according to both FRAX® (14.4% ± 

16.1% vs 4.9% ± 2.0%, p = 0.033) and TBS-adjusted FRAX® (10.9% ± 7.4% vs 3.4% ± 2.1%, p 

= 0.001). The differences in the 10-year fracture risk for hip fractures or in TBS between 

individuals with and without history of fragility fracture were not statistically significant. 

Sensitivity analysis including only individuals with BMI between 15 kg/m2 and 35 kg/m2 led to 

similar results. Based on FRAX®, 3 (8%) and 10 (27%) participants were above the treatment 

thresholds for risk scores associated with major osteoporotic (fracture risk value ≥20%) and hip 

fractures (fracture risk value ≥3%), respectively. After adjusting for TBS, 2 (5%) participants met 

the treatment threshold for risk scores for major osteoporotic fractures, and 7 (19%) of participants 

met the treatment threshold for risk score related to hip fracture. The ICC(3,1) between FRAX® and 

TBS-adjusted FRAX® was 0.77 for major osteoporotic and 0.93 for hip fractures. Some 

proportional bias for major osteoporotic fractures may be assumed from the Bland-Altman plot 

(Figures 1 and 2). 
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Table 5 .Bone mineral density (BMD) and trabecular bone score (TBS) values. 

 Total 

(n = 38) 

Men 

(n = 28) 

Women 

(n = 9) 

Motor complete 

injury 

(n = 22) 

Incomplete 

injury 

(n = 15) 

History of 

fracture 

(n = 16) 

No history 

of fracture 

(n = 21) 

Lumbar spine BMD (g/cm2) 

(mean ± SD) 
1.184 ± 0.225 1.204 ± 0.248 1.112 ± 0.135 1.211 ± 0.267 1.138 ± 0.151 1.208 ± 0.296 1.162 ± 0.163 

Femoral neck BMD (g/cm2) 

(mean ± SD) 
0.707 ± 0.195 0.711 ± 0.211 0.698 ± 0.146 0.654 ± 0.188 0.785 ± 0.185 0.652 ± 0.212 0.750 ± 0.175 

Distal femur BMD (g/cm2) 

(mean ± SD) 
0.651 ± 0.206 0.641 ± 0.202 0.691 ± 0.236 0.533 ± 0.120 0.820 ± 0.187 0.576 ± 0.172 0.704 ± 0.216 

Proximal tibia BMD(g/cm2) 

(mean ± SD) 
0.542 ± 0.145 0.545 ± 0.154 0.542 ± 0.123 0.481 ± 0.104 0.644 ± 0.150 0.494 ± 0.185 0.585 ± 0.135 

Trabecular bone score (TBS) 

L1-L4 

(mean ± SD) 

1.336 ± 0.107 1.324 ± 0.114 1.380 ± 0.082 1.343 ± 0.112 1.328 ± 0.106 1.315± 0.138 1.354 ± 0.079 

TBS L1 

(mean ± SD) 
1.315 ± 0.149 1.303 ± 0.157 1.351 ± 0.132 1.313 ± 0.165 1.317 ± 0.134 1.278 ± 0.196 1.343 ± 0.103 

TBS L2 

(mean ± SD) 
1.360 ± 0.130 1.348 ± 0.139 1.390 ± 0.104 1.358 ± 0.140 1.358 ± 0.122 1.332 ± 0.165 1.378 ± 0.099 

TBS L3 

(mean ± SD) 
1.367 ± 0.118 1.356 ± 0.119 1.413 ± 0.110 1.386 ± 0.127 1.345 ± 0.103 1.368 ± 0.146 1.371 ± 0.095 

TBS L4 

(mean ± SD) 
1.304± 0.128 1.291 ± 0.136 1.365 ± 0.070 1.315 ± 0.127 1.301 ± 0.130 1.293 ± 0.134 1.322 ± 0.122 
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Table 6. Ten-year fracture risk assessment according to FRAX® and TBS-adjusted FRAX® for both MOF and hip fractures. 

 Total  

(n = 38) 

Men  

(n = 28) 

Women  

(n = 9) 

Motor 

complete 

injury 

(n = 22) 

Incomplete 

injury 

(n = 15) 

History of  

fracture  

(n = 16) 

No history 

of fracture  

(n = 21) 

FRAX® - MOFs (%) 

(mean ± SD, median) 
8.8% ± 11.4% 9.4% ± 12.9% 7.7% ± 5.4% 9.5% ± 14.6% 8.0% ± 5.9% 14.4% ± 161% 4.9% ± 2.0% 

TBS-adjusted FRAX® - MOFs (%) 

(mean ± SD, median) 
6.6% ± 2.8% 6.5% ± 6.7% 7.1% ± 4.9% 6.1% ± 6.5% 7.4% ± 6.0% 10.9% ± 7.4% 3.4 ± 2.1% 

FRAX® - Hip (%) 

(mean ± SD, median) 
4.0% ± 10.8% 4.9% ± 12.5% 1.6% ± 1.6% 5.6% ± 14.0% 1.8% ± 2.4% 8.0% ± 16.0% 1.1 ± 1.2% 

TBS-adjusted FRAX® - Hip (%) 

(mean ± SD, median) 
2.8% ± 6.7% 3.3% ± 7.6% 1.3% ± 1.5% 3.5% ± 8.4% 1.8% ± 2.4% 5.3% ± 9.7% 0.9 ± 1.0% 

NOTE. MOFs = major osteoporotic fractures 
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Figure 1. Bland Altman plot between FRAX® and TBS-adjusted FRAX® for major osteoporotic fractures. 

 

 

 

 

Figure 2. Bland Altman plot between FRAX® and TBS-adjusted FRAX® for hip fractures. 
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2.2.4 Discussion 

TBS can be used in combination with FRAX® and BMD to adjust the FRAX®-probability of 

fractures in non-SCI post-menopausal women and older men 215, but no such recommendations 

can be made for individuals with SCI based on available evidence. This study attempted to provide 

evidence on the potential use of TBS in the estimation of fracture risk in adults with chronic SCI. 

More than 50% of our sample presented a partially degraded bone microarchitecture at the spine 

based on TBS values. No differences in TBS were detected between people with and without prior 

fracture or between subgroups of people with motor complete and incomplete lesions. 

Furthermore, the TBS-adjusted Canadian FRAX® resulted in slightly fewer people with SCI 

meeting treatment thresholds compared to the Canadian FRAX®. Thus, while spine TBS may 

identify individuals with degraded bone microarchitecture at the spine, it may not add value in the 

estimation of fracture risk in people with SCI. 

In the non-SCI population, TBS predicts osteoporotic fractures and is lower in individuals 

with history of osteoporotic fractures compared to those without 159,241, but our subgroup analysis 

in a small cohort did not show differences in TBS between people with previous fragility fractures 

and those without. Moreover, women from the Manitoba Bone Density Program had lower TBS 

values compared to men, and a partially degraded bone microarchitecture, based on TBS 158. In 

our study, women had a mean TBS well above the thresholds for normal bone microarchitecture, 

and higher than men, but the limited number of women included in the present analysis does not 

permit inferences on sex-related differences in TBS in people with SCI. We also did not find 

differences in TBS between people with motor complete and incomplete injuries. People with SCI 

present with BMD values at the lumbar spine below the mean of aged-matched controls when 

assessed with qCT, and above the mean when assessed with DXA; therefore, even though TBS 

does not appear to be affected by osteoarthritic changes 242, it is unclear whether other conditions, 

such as posterior element changes, subtle OVFs or vascular or ligamentous calcifications, 

contribute to increased TBS in people with SCI. Moreover, the majority of the people included in 

the present study (78%) were on bisphosphonate therapy, which is known to increase TBS 243–246. 

Furthermore, the participants who were not on bisphosphonate therapy at baseline may have had 
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prior bisphosphonate exposure. It has been hypothesized that lumbar spine BMD continues to 

improve in the first few years after discontinuation of therapy 247, and we cannot exclude a similar 

effect on TBS values. Our findings suggest that measuring TBS at the lumbar spine in people with 

SCI might not be associated with the common fracture sites in people with SCI. Lobos et al. 175 

demonstrated that nine people with SCI had TBS 6% and 19% lower than their able-bodied 

counterpart at distal femur and proximal tibia, respectively. However, the algorithm to calculate 

TBS includes adjustments for abdominal and truncal soft tissue thickness, and the authors applied 

an algorithm developed and validated for the lumbar spine to the distal femur and proximal tibia. 

The development of an algorithm to estimate TBS at the two sites where fractures most commonly 

occur in people with SCI (i.e., distal femur and proximal tibia) may allow clinicians the ability to 

assess bone microarchitecture and estimate fracture risk at fracture-prone sites in the future, 

following a large scale prospective validation study.  

We detected good agreement between FRAX® and TBS-adjusted FRAX®. While, in the 

non-SCI population, the adjustment of FRAX® for TBS results in a slightly higher gradient of risk 

174, in this cohort, a lower number of people met the treatment threshold for both major osteoporotic 

and hip fracture risk after we adjusted FRAX® for TBS. Therefore, TBS may not add value in the 

estimation of fracture risk in individuals with SCI, and basing treatment decisions on TBS would 

result in less people receiving treatment, which is counter to what we would hypothesize is needed 

given the relatively high fracture risk in the SCI population. The Clinical Practice Guidelines for 

Bone Health and Osteoporosis Management in Individuals with Spinal Cord Injury recommend 

treatment plan be determined based on the assessment of non-BMD risk factors 98,107,127,176–182, 

laboratory screening for secondary osteoporosis, BMD of hip, distal femur, and proximal tibia 

region BMD, and prior history of fracture, rather than on TBS or FRAX® thresholds .182 

We acknowledge a number of limitations of the enclosed data.  The scans analyzed were 

from a larger cohort, but we had to exclude a substantial proportion of the scans performed prior 

to 2014, as they were not compatible with the version of the TBS software installed in our lab. All 

the participants were on bisphosphonate therapy, or had interrupted it within a few years; therefore, 

the normal TBS values in our sample may due to current or prior bisphosphonate exposure, and 

individuals with chronic SCI with no history of anti-resorptive therapy may present with a greater 

degree of degraded bone microarchitecture. While we excluded participants with orthopaedic 
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hardware, we did not screen for other conditions, such as OVFs, calcification of the longitudinal 

ligaments or aorta, which may interfere with the accuracy of the TBS measurement or estimate of 

fracture risk. Further, lateral spine scans to assess changes in vertebral morphometry or to report 

the presence of OVFs using the Genant semiquantitative technique47 were not conducted. 

Therefore, the impact of a variety of technical factors beyond osteoarthritis on TBS measurements 

requires further prospective investigation and validation before drawing firm conclusions 

regarding the utility or the clinical relevance of TBS in individuals with SCI. Moreover, only nine 

scans were from women; future studies aiming to prospectively describe LS TBS values in women 

or explore between-sex differences in TBS should be done with a higher proportion of women in 

the cohort.   

2.2.5 Conclusion 

Individuals with chronic SCI in this cohort presented with normal bone microarchitecture based 

on TBS. TBS was not different between people with motor complete and motor incomplete injury 

or with and without prior fragility fracture. Clinical decisions regarding fracture prevention should 

not be based on TBS or FRAX® in people with chronic SCI at this time. The estimates of fracture 

risk should be based on clinical risk factors for fracture, history of prior fracture and hip or knee 

region BMD. 
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Chapter 3 
Exercise for improving outcomes in people with low bone mass and 

hyperkyphosis: two systematic reviews and meta-analyses  

 

This chapter informed the upcoming Clinical Practice Guidelines for Management of Osteoporosis 

and Fracture Prevention in Canada, and was published as two manuscripts: 

 

Ponzano, M., Rodrigues, I.B., Hosseini, Z., Ashe, M.C., Butt, D.A., Chilibeck, P.D., Stapleton, 

J., Thabane, L., Wark, J.D., Giangregorio, L. Progressive Resistance Training for Improving 

Health-Related Outcomes in People at Risk of Fracture: A Systematic Review and Meta-

Analysis of Randomized Controlled Trials. Phys Ther, 2021; 101(2): pzaa221. 

https://doi.org/10.1093/ptj/pzaa221 

This paper was selected by the Editor-in-chief, Dr. Alan Jette, for an author interview.  

The podcast was recorded on February 6, 2021, and it is available at the following link: 

https://academic.oup.com/ptj/pages/podcasts. 

 

Ponzano, M., Tibert, N., Bansal, S., Katzman, W., Giangregorio, L. Exercise for Improving Age-

Related Hyperkyphosis: A Systematic Review and Meta-Analysis with GRADE Assessment. 

Arch Osteoporos, 2021; 16:140. https://doi.org/10.1007/s11657-021-00998-3 

 

3.1 Study 3. Progressive Resistance Training for Improving Health-Related Outcomes in 

People at Risk of Fracture: A Systematic Review and Meta-Analysis of Randomized 

Controlled Trials 

3.1.1 Introduction 

Osteoporosis is defined as a skeletal disorder characterized by compromised bone strength 

predisposing a person to an increased risk of fracture.21 In adults with low bone mass, fractures 

often occur as a result of a fall.248,249 Pain, reduced mobility, and difficulties in performing 

activities of daily living are common consequences of fractures.2,23,250,251 Furthermore, the risk of 

subsequent fractures and the mortality rate are elevated after hip and OVFs.3,29 Osteoporosis 

https://doi.org/10.1093/ptj/pzaa221
https://academic.oup.com/ptj/pages/podcasts
https://doi.org/10.1007/s11657-021-00998-3
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clinical practice guidelines recommend exercise to prevent fractures;252 however, the efficacy of 

exercise may vary by exercise type, population studied, or outcome of interest. For example, while 

bone mineral density (BMD) and fractures are important outcomes, it is also important to consider 

other outcomes relevant to people with osteoporosis, such as physical performance, falls, or health-

related quality of life (HRQoL). Progressive resistance training (PRT) interventions can improve 

muscle strength in healthy older adults,187 whereas multimodal programs including exercises that 

emphasize functional strength and balance are effective in reducing fall and fracture risk.253,254 

Some minor adverse events such as pain due to musculoskeletal issues can happen during PRT 

interventions,190,254,255 and further evidence is needed to determine their frequency and severity. 

Many studies of exercise and BMD focus on postmenopausal women with normal BMD. PRT can 

maintain or improve bone mineral density (BMD) in postmenopausal women,189,190,255 but there is 

little evidence regarding the effects of PRT on BMD in men.191 Furthermore, there is a limited 

number studies of exercise that target individuals with low BMD or who are at risk of fracture. 

The benefits or harms of PRT may be different in individuals with low bone mass or a history of 

fractures. As part of the process to update the 2020¶ Clinical Practice Guidelines for Management 

of Osteoporosis and Fracture Prevention in Canada, we conducted a systematic review to explore 

the effects of PRT (alone or as part of multicomponent 

exercise interventions versus no intervention, placebo, or attention control) on falls, fractures, and 

other health-related outcomes in men and postmenopausal women aged 50 years or older at 

increased risk of fracture. The present review is part of a series of reviews that will inform the 

Canadian Clinical Practice Guidelines for the Prevention and Management of Osteoporosis, 

including recommendations on risk assessment medications, nutrition, and several types of 

exercise. The efficacy of each type of exercise (e.g., walking, impact exercise, yoga, etc.) is being 

examined separately to inform recommendations specific to that type of exercise, and thus, a 

comparison between exercise types is not the purpose of this review. 

 

 
¶ The release of the Clinical Practice Guidelines for Management of Osteoporosis and Fracture Prevention in Canada 

has been delayed.  
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3.1.2 Methods 

This systematic review is reported according to the Preferred Reporting Items for Systematic 

Review and Meta-Analysis (Appendix C). The protocol was informed by the Cochrane Handbook 

for Systematic Review of Interventions256 and registered via the International Prospective Register 

of Systematic Reviews at https://www.crd.york.ac.uk/prospero/ (registration no. 

CRD42019120158, registered and last updated on March 8, 2019). The protocol was co-developed 

by a working group consisting of researchers, physiotherapists, physicians, a patient advocate, and 

graduate students. 

 

3.1.2.1 Data Sources and Searches 

The literature search was conducted in the following databases with no date limits applied: 

MEDLINE (Ovid), EMBASE (Ovid), Cochrane CENTRAL (clinical trial), Cochrane Database of 

Systematic Reviews, CINAHL (allied health journal content), Epistemonikos, and Web of Science. 

The reference lists of included studies or previous systematic reviews on the topic were also 

searched for potential eligible studies. Search strategies were performed in August/September 

2018 and updated in October 2019. The search strategy was developed using Medical Subject 

Headings and keywords related to prevention and treatment of osteoporosis in older adults, the 

effects of the interventions, and the outcomes of interest. Only randomized controlled trials (RCT) 

and quasi-RCTs were searched, as we anticipated that for some outcomes there would be few 

RCTs. No restrictions by language were applied for the literature search. The full search strategy 

is reported in the Appendix C. 

 

3.1.2.2 Study Selection 

Population 

We included studies that met the following criteria: men and postmenopausal women aged 50 

years or older with low femoral neck or lumbar spine BMD (T-score≤−1), diagnosis of 

osteoporosis or low bone mass, history of fragility fracture, or moderate or high risk of fragility 

fracture determined using any fracture risk calculators, such as CAROC,257 FRAX,120 or 

https://www.crd.york.ac.uk/prospero/
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GARVAN.122 We excluded studies with individuals with (1) glucocorticoid-induced osteoporosis, 

(2) secondary osteoporosis, and (3) pathological fractures other than low-trauma fractures. 

 

Intervention  

We included studies that investigated the effects of PRT, defined as: “contracting the muscle 

against a resistance to ‘overload’ and bring about a training effect in the muscular system. The 

resistance is an external force, which can be one’s own body placed in an unusual relationship to 

gravity (e.g., prone back extension) or an external resistance (eg, free weight). […],” according to 

the ProFane taxonomy.258 We included trials that studied PRT alone or combined with other 

exercise or physical therapy interventions using any type of setting or level of supervision. 

 

Comparator 

Studies were included if they had at least 1 comparator group that received no intervention or a 

non-exercise or a nonphysical therapy intervention (e.g., educational intervention). The goal of 

this review was to determine the effectiveness of PRT in improving health-related outcomes in 

people at risk of fracture rather than comparing PRT with other interventions. Studies with an 

active or attention control group that participated in a different type of physical activity (e.g., 

stretching) were considered for inclusion if the attention control was not hypothesized to have an 

effect on the study’s primary outcome or on 1 or more of the outcomes of interest. 

 

Outcomes 

The working group identified and ranked potential outcomes that would be critical or important 

for decision-making when creating exercise guidelines. The ranking was informed by surveys of 

1108 members from the Canadian Osteoporosis Patient Network259 and over 100 exercise 

professionals.260 Outcomes were ranked using a 9-point Likert Scale, where a ranking of 7 and 

above was considered a critical outcome, 4 to 6 an important outcome, and 3 or less an outcome 

that was not important. Eight outcomes were ranked critical: (1) mortality, due to any cause such 

as aging, disease, or injury related circumstances that result in death; (2) fracture-related mortality, 

defined as deaths attributed to a fracture; (3) hip fractures, either self-reported or X-ray–verified 

fracture of the proximal femur that occurred at the femoral neck or trochanter in a low trauma 
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event, such as a fall from a standing height or less;1 (4) fragility fractures, either self-reported or 

X-ray–verified fracture of spine, wrist, humerus, and pelvis that occurred following a low trauma 

event;1 (5) number of people who experienced 1 or more falls, total falls, and fall-related injuries; 

(6) physical functioning and disability, assessed with any validated tool that measure activities of 

daily living using performance-based measures of physical functioning (e.g., gait speed, 5 times 

sit-to-stand, Timed “Up and Go” [TUG]); (7) health-related quality of life [HRQoL] determined 

using any validated measure such as a generic quality of life questionnaire or an osteoporosis-

specific quality of life questionnaire; and (8) serious adverse events, defined as any untoward 

medical occurrence that, at any dose, results in death, a threat to life, inpatient hospitalization or 

prolongation of existing hospitalization, or in persistent or significant disability/incapacity,261 or 

non-serious adverse events, defined as any reaction related to the intervention such as 

musculoskeletal injuries (e.g., sprains, strains, joint pain, overuse injuries) that do not require 

immediate medical attention. General pain and BMD were not voted as critical outcomes for the 

guidelines but were included in our review as they were rated as important. We included general 

pain outcomes determined using a pain intensity scale (e.g., Visual Analog Scale) or a pain 

subscale from a generic functional status questionnaire (e.g., SF-36, Nottingham Health Profile). 

We collected BMD measured at any site using dual-energy X-ray absorptiometry or peripheral 

quantitative computed tomography. Falls were identified as “unintentionally coming to the ground 

or some lower level and other than as a consequence of sustaining a violent blow, loss of 

consciousness, sudden onset of paralysis as in stroke or an epileptic seizure” from the Kellogg 

International Working Group on the Prevention of Falls by the Elderly.5 

 

Timeframe 

Studies were included if the intervention lasted at least 4 weeks, except studies with BMD as an 

outcome: these studies were only included in meta-analyses if the exercise intervention lasted 8 

months or longer, to allow at least 1–2 remodelling cycles.262,263 

3.1.2.3 Data Extraction and Quality Assessment 

Pairs of reviewers (M.P., I.B.R., J.F., N.T., V.K.) independently assessed the titles and abstracts 

to confirm their eligibility. Full texts published in English, Italian, Portuguese, and Spanish were 
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retrieved and screened by pairs of reviewers (M.P., I.B.R., Z.H.). In case some information was 

missing, the authors of the original studies were contacted a maximum of 2 times. Conflicts 

between reviewers were resolved by discussion or, when an agreement was not reached, by a third 

author (L.G.). Pairs of reviewers (M.P., I.B.R., Z.H.) independently performed data extraction and 

assessment of the risk of bias using the Cochrane Risk of Bias Assessment Tool,264 and 

disagreements were resolved by consensus or consultation with a third reviewer (L.G.). In case the 

reviewers were authors on an eligible study, they were not involved in data extraction or risk of 

bias assessment for that study. The Grading of Recommendations Assessment, Development and 

Evaluation approach was used to assess the certainty of the 

evidence.265 

 

3.1.2.4 Data Synthesis and Analysis 

Data were extracted using Covidence (https://www.covidence.org/home; Covidence, Melbourne, 

Australia) and then imported to RevMan 5.3 (Cochrane Community, London, UK; 

https://community.cochrane.org/help/tools-andsoftware/revman-5) for statistical analysis. Risk 

ratios (RR) or incidence rate ratio (IRR) with a 95% CI were calculated for dichotomous and count 

outcomes, respectively, whereas mean differences (MD) with a 95% CI for continuous outcomes 

were reported. For general pain and HRQoL, we used standardized mean difference (SMD) to pool 

data. Heterogeneity between trials was calculated by using the I2 statistics, while visual inspection 

of funnel plots was used to assess publication bias. We performed sensitivity analyses removing 

studies that combined more than 1 intervention to explore whether the effects were similar when 

PRT-only interventions were included. We also performed sensitivity analyses that examined 

whether the effects were different when studies deemed to have high risk of bias were excluded. 

 

3.1.3 Results 

 

Trial Inclusion and Characteristics 

We identified 6768 records through database searching, and 3973 remained after deduplication 

(Fig. X). After title and abstract screening, we assessed 465 full-text reports, and 53 studies, with 

https://www.covidence.org/home
https://community.cochrane.org/help/tools-andsoftware/revman-5
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4618 participants (4% men) were included. Twenty-three studies included low bone mass as an 

inclusion criterion,188,266,267,268(p),269–273,273–284 while 12 studies recruited only people with 

osteoporosis.201,285–294 Nine studies recruited people with at least 1 vertebral 

fracture,200,201,203,278,281,289,293,295,296 6 studies recruited participants with at least 1 hip fracture,297–

301 and 4 studies recruited people with a previous fracture other than spine and hip.276,284,302,303 

Thirteen studies included PRT interventions only274,279,281,283,289,291,292,296,298,299,303–305 and 40 

reported on combined interventions, of which 12 were PRT and balance exercises;200,201,203,284,286–

288,290,293,294,306 8 PRT and impact exercises;188,188,267,272,282,300,301,307; 8 PRT, balance, and impact 

exercises;268–271,275,308–310 3 PRT, walking, and impact exercises;277,278,311 2 PRT and walking;276,312 

PRT, balance exercises, and walking;295,302 PRT and physiotherapy;285,297 PRT and Nordic 

walking273,313; and 1 PRT, balance exercises, and Tai Chi.280 The mean duration of interventions 

was 7.5 months (range 1–30 months), of which 29 were group-based programs,188,201,266–

273,275,280,283,286–290,293,296,298,299,301,302,304–307,313 7 were individual interventions,200,203,279,291,292,297,303 

10 alternated both group-based and individual programs,274,281,282,284,295,308,308–310 and 6 studies did 

not provide this information.276,277,294,300,311,312 Thirty three studies were funded by non-profit 

organizations,188,200,201,203,266–271,278,282–284,286–288,291,293,295,296,298–300,304–306,308–311 3 studies received 

support from both non-profit and private  organizations,290,303,307 2 studies were funded by private 
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companies,292,308 and 15 studies did not provide funding information.272–277,279–281,289,294,301,302,312,313

 

Figure 3. Flow chart of the study selection process. 

Effects of PRT on Health-related Outcomes 

Mortality 

Effects on mortality were uncertain due to the low number of studies and events. Singh et al8–13,15–

17,25,30,40,41,51 reported 4 deaths in the intervention group and 8 in the control group. Barker et al295 
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reported 2 deaths in the intervention group, while Crotty et al297 reported that 10 and 22 people 

died in the intervention and control group, respectively. None of the events appears to be related 

to the intervention. 

 

Hip and Fragility Fractures  

There were not enough studies with a sufficient number of fracture events to pool data. 

Furthermore, the heterogeneity in terms of populations, interventions, and fracture events and 

reporting did not allow conclusions to be drawn about the effects of PRT on the incidence of hip 

or fragility fractures. 

 

Fractures Attributable to Intervention 

Gold et al296 reported 1 rib fracture that occurred during prone exercise, and 1 costal cartilage 

fracture that occurred when rolling from supine to prone during a 6-month PRT intervention in 

individuals with vertebral fractures. 

 

Fracture Not Deemed Attributable to Intervention 

Giangregorio et al203 reported 16 fragility fractures in each group that were not related to the 

intervention. In addition, 3 non-vertebral non-fragility fractures were reported (2 intervention, 1 

control). Gold et al296 reported 2 fractures (1 hip, 1 metatarsal) that occurred during data collection. 

 

Fractures Where Attribution Is Unclear 

Crotty et al297 reported that 3 hip fractures happened among 119 participants during a 1-month 

PRT and physiotherapy intervention compared with 1 hip fracture in the control group (121 

participants). Five other studies266,281,295,310 reported 17 fractures in 401 participants after PRT 

alone or combined with other interventions and 32 in the control groups (308 participants), but the 

authors did not state whether these fractures were attributable to the interventions. 

 

Bone Mineral Density 

BMD is considered a surrogate outcome for hip and fragility fractures. When trials were pooled, 

PRT alone or combined with other interventions of 8 months or longer duration may increase 
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femoral neck (MD = 0.02 g/cm2, 95% CI = 0.01–0.03, 521 participants, 5 studies, I2 = 0%, very 

low certainty evidence; Fig. 4) but not lumbar spine BMD (MD = 0.02 g/cm2, 95% CI = −0.01 to 

0.05, 209 participants, 4 studies, I2 = 34%, very low certainty evidence) assessed with dual-energy 

X-ray absorptiometry. Despite a statistically significant difference (P = .004), the effects of PRT 

on total hip BMD appear to be small and are of uncertain clinical significance (MD = 0.00 g/cm2, 

95% CI = 0.00–0.01, 435 participants, 4 studies, I2 = 0%, very low certainty evidence; Fig. 5). 

Sensitivity analysis including PRT only studies resulted in similar findings for femoral neck BMD 

(MD = 0.03 g/cm2, 95% CI = 0.00–0.05, 183 participants, 2 studies, I2 = 0%, very low certainty 

evidence), whereas there were no positive effects on total hip BMD (MD = 0.01 g/cm2, 95% CI = 

−0.02 to 0.05, 183 participants, 2 studies, I2 = 5%, very low certainty evidence;). Furthermore, 

another study311 reported statistically significant changes (P = .0305) in lumbar spine BMD in the 

intervention (+4.48% ± 2.63%) compared with the control group (+1.00% ± 5.00%). 

 

Figure 4. Forest plot of the effects of PRT alone or combined with other interventions on femoral neck BMD. 

 

Figure 5. Forest plot of the effects of PRT alone or combined with other interventions on total hip BMD. 
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Number of People Who Experienced One or More Falls 

The effects of PRT alone or combined with other interventions on the number of people 

experiencing 1 of more falls are uncertain (RR = 1.23, 95% CI = 1.00–1.51, 631 participants, 5 

studies, I2 = 64%, very low certainty evidence). There were not enough PRT-only studies to 

perform a sensitivity analysis. Only 1 study269 reported that 3 of 32 participants from the 

intervention group experienced at least 1 fall versus 2 of 32 participants allocated to the control 

group. 

 

Total Number of Falls 

The effects of PRT alone or combined with other interventions on the total number of falls are 

uncertain. (IRR = 1.05, 95% CI = 0.91–1.21, 1143 participants, 7 studies, I2 = 0%, very low 

certainty evidence). There were not enough PRT-only studies to perform a sensitivity analysis. 

Only 1 study269 reported 18 falls among 32 participants from the intervention group and 10 falls 

among 32 participants allocated to the control group. 

 

Fall-Related Injuries 

There was uncertainty whether PRT alone or combined with other interventions reduced fall-

related injuries in people at risk of fracture (IRR = 0.65, 95% CI = 0.31–1.37, 845 participants, 4 

studies, I2 = 0%, low certainty evidence). One additional study288 (not pooled because of low event 

rate) reported 1 fall-related injury in the control group (48 participants) and no events in the 

intervention group (45 participants) after a 5-month PRT and balance intervention. There were not 

enough PRT-only studies to perform a sensitivity analysis. Only 1 study291 reported that 1 

participant in the exercise group fractured her arm after a fall, without specifying whether it was 

caused by the intervention, while another study269 reported no injuries due to falls. 

 

Physical Functioning and Disability 

PRT alone or combined with other interventions improved performance on the TUG test (MD 

−0.90 seconds, 95% CI = −1.01, −0.78, 911 participants, 13 studies, I2 = 93%, very low certainty 

evidence; Fig. 4). Sensitivity analysis including PRT-only studies resulted in similar findings (MD 
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−1.24 seconds, 95% CI = −1.67, −0.82; 241 participants, 5 studies, I2 = 95%, very low certainty 

evidence). We chose not to pool data for other physical functioning outcomes because many 

different physical assessments were performed across studies, and the number of studies for each 

outcome was small.  

 

 

Figure 6. Forest plot of the effects of PRT alone or combined with other interventions on physical functioning and 

disability assessed with Timed “Up and Go” (TUG) test. 

 

Health-Related Quality of Life 

There was evidence of benefits of PRT alone or combined with other interventions on HRQoL 

(SMD = 0.32, 95% CI = 0.22–0.42, 1711 participants, 20 studies, I2 = 81%, low certainty evidence; 

Fig. 7). Sensitivity analysis restricted to PRT-only interventions resulted in positive effects of PRT 

on HRQoL (SMD = 0.75, 95% CI = 0.54–0.95, 412 participants, 8 

studies, I2 = 80%, moderate certainty evidence). 
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Figure 7. Forest plot of the effects of PRT alone or combined with other interventions on health-related quality of life. 

 

Serious Adverse Events 

Six studies provided data on serious adverse events. One study203 reported serious adverse events 

during a trial of a 12-month PRT and balance intervention. Eighteen events among 71 participants 

were recorded among the intervention group vs 12 events among 70 participants allocated to the 

control group. However, none was reported to be related to the intervention. Five more 

studies201,283,295,298,307 stated that no serious events related to the intervention occurred. 

 

Minor Adverse Events 

The effects of PRT alone or combined with other interventions on minor adverse event occurrence 

were uncertain (IRR= 0.94, 95% CI = 0.59–1.50, 300 participants, 4 studies, I2 = 0%, very low 

certainty evidence). There were not enough PRT-only studies that could be pooled to perform a 

sensitivity analysis.). 

 

General Pain 
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PRT alone or combined with other interventions reduced general pain (SMD −0.26, 95% CI = 

−0.37 to −0.16, 1457 participants, 17 studies, I2 = 70%, very low certainty evidence; Fig. 8). A 

sensitivity analysis including PRT-only interventions revealed similar findings (SMD −0.47, 95% 

CI = −0.69 to−0.24, 320 participants, 5 studies, I2 = 84%, low certainty evidence). 

 

Figure 8. Forest plot of the effects of PRT alone or combined with other interventions on general pain. 

 

 

Risk of Bias 

Among the 53 included studies, 38 specified how the randomization sequence was generated and 

19 studies described allocation concealment. Only 4 studies attempted to blind intervention 

deliverers. Outcome assessors were blinded to group allocation in 30 studies. Thirty-one studies 

were considered high risk of bias for completeness of outcome data, often due to the use of per-

protocol instead of intention-to- treat analyses. Seventeen studies were unclear or at high risk of 

selective outcome reporting. Nine studies presented other potential sources of bias. Sensitivity 

analyses including only studies deemed low risk of bias did not alter the findings. 
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3.1.4 Discussion 

 

PRT alone or in combination with other interventions may improve BMD at the femoral neck, 

physical functioning, and HRQoL in people at risk of fracture. Moreover, PRT reduced pain and 

did not appear to cause serious adverse events. Whether PRT has no effect on, or increases or 

decreases the risk of falls, the number of people experiencing a fall or risk of fall-related injuries 

is uncertain. However, the certainty of evidence is low for many of the outcomes. The sensitivity 

analysis including PRT-only interventions showed similar effects for all the outcomes except for 

BMD at the lumbar spine; therefore, we should encourage individuals at risk of fracture to 

participate in PRT to improve health-related outcomes. PRT may improve both physical 

functioning and HRQoL; however, the effects of exercise on HRQoL reported in other studies of 

older adults are heterogeneous or suggest no effect. Indeed, a systematic review of multicomponent 

exercise interventions for preventing falls in older adults did not report positive effects on 

HRQoL.13 However, it is possible that PRT interventions may be more effective or that training 

adaptations are more substantial for adults at later ages or with poorer physical condition36; 

therefore, the modest improvements in HRQoL observed in the present review may be explained 

by the inclusion of people with low bone mass or previous fracture. Nonetheless, the substantial-

to-serious heterogeneity and the infrequent use of intention-to-treat analysis, even in the presence 

of high dropout rates, suggest 

caution in the interpretation of the results. Our findings showed a mean improvement of 0.9 

seconds in the TUG test performance. However, a minimal clinically important difference (MCID) 

for the TUG test has not been established in individuals with osteoporosis. Frank-Wilson et al317 

noticed a difference of 1.2 seconds in the TUG test between people who experienced at least 1 fall 

and those who did not, while the TUG test MCID ranges from 1.4 to 3.4 seconds in other 

populations with chronic musculoskeletal conditions.318,319 However, community-dwelling older 

adults often have fast times at the baseline for the TUG test, so there may be ceiling effects or a 

small window for improvement with exercise. Therefore, determining the MCID for the TUG test 

in adults at risk of fracture would help in understanding the real clinical relevance of the 

improvements after exercise interventions. The present systematic review does not show any 

benefits of PRT for total number of falls or fall-related injuries, but it may increase the risk of 
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experiencing a fall. However, functional strength training combined with balance exercises is 

effective in reducing falls among older adults living in the community. A 2019 Cochrane review164 

demonstrated that multicomponent exercise programs reduced the rate of falls by 23% compared 

with control (IRR = 0.77, 95% CI = 0.71–0.83). No effects were observed when studies with PRT-

alone interventions were pooled, but interventions that included functional strength training or 

PRT combined with functional strength and balance training were effective.164 Therefore, balance 

and functional strength exercises, such as squats or sit-to-stands, should be recommended to 

prevent falls in people at risk of fracture. There are not enough studies with a sufficient number of 

fracture events to draw conclusions about the effect of PRT on hip or fragility fracture incidence. 

A systematic review investigating the effects of combined exercise interventions in adults 45 years 

and older reported a significant reduction in fractures (RR = 0.49, 95% CI = 0.31– 0.76) but no 

significant effects on vertebral fractures (RR = 0.56, 95% CI = 0.30–1.04).191 Furthermore, 

Sherrington et al254 reported a decrease in fall-related fractures after combined 

exercise interventions (RR = 0.73, 95% CI = 0.56– 0.95), but the evidence is of low certainty. In 

this paper, we reported beneficial effects of PRT on femoral neck BMD, while the effects on hip 

and spine BMD are small and of uncertain clinical significance. We established a priori that a 

difference of 0.02 g/cm2 (corresponding approximately to a 2% increase) in BMD at the femoral 

neck, total hip, or lumbar spine might be clinically important. Our decision was substantiated by a 

recent meta-regression showing that a 2% increase in BMD at those 3 sites was associated with a 

reduction in the risk of vertebral (−28%), hip (−22% to −15%), and non-vertebral osteoporotic 

fractures (−10% to −11%).320 Furthermore, a trial using high-intensity resistance training 

combined with impact training showed benefits on BMD, at least for relatively healthy women 

with low bone mass (average age 65 years).188 A trial using the same high intensity impact and 

resistance training intervention in men was published after our search was complete and reported 

similar findings.321 In keeping with our findings, a Cochrane review about exercise for prevention 

of osteoporosis among postmenopausal women 45 to 70 years revealed uncertainty about the 

effects of moderate-high–intensity PRT on total hip BMD but positive effects on femoral neck 

BMD (MD = 1.03%, 95% CI = 0.24–1.82).190 However, the number of studies among people at 

risk of fracture who used BMD as an outcome is limited, and sample sizes were frequently small. 
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Therefore, adequately powered clinical trials are required to determine the effects of PRT 

interventions on BMD in people at risk of fracture. 

While our review suggests that the effects of PRT on mortality and serious adverse events in 

individuals at risk of fracture are unknown, there is a growing body of evidence that PRT 

can reduce the risk of premature death independent of other types of exercise, and there is little 

evidence of harm.322,323 Within the literature we reviewed, there were not enough studies or events 

to pool mortality data. However, a meta-analysis of observational studies revealed that 

participation in PRT was associated with a lower risk of death when performed alone (HR = 0.79, 

95% CI = 0.69–0.91) or combined with aerobic exercise (HR = 0.60, 95% CI = 0.49–0.72).322 

Accordingly, a systematic review of population cohort studies showed that engaging in resistance 

training led to a 23% and 31% reduction in all-cause and cancer-related mortality, respectively.323 

PRT does not appear to cause serious harms, but the number of studies that documented adverse 

events was too low to draw definitive conclusions. Howe et al190 and Sherrington et al254 reported 

some minor adverse events associated with PRT, such as pain and joint or musculoskeletal issues. 

Accordingly, Latham and colleagues255 reported only minor 

adverse events in most of the cases musculoskeletal pain. However, adverse events were either not 

monitored/reported or monitored only in the intervention groups. Adverse event reporting in PRT 

trials of older adults could be improved so that we can better understand the risk of adverse events 

during PRT, an outcome that is particularly salient in individuals at 

risk of fracture. While our findings suggest that PRT should be recommended for individuals at 

risk of fracture, identifying the ideal frequency or intensity of PRT is a challenge based on the 

heterogeneity and limitations of existing evidence. The average frequency of training across the 

studies was 3 times per week (median, n = 2), and the duration ranged from 1 to 30 months 

(median, n = 6). Several sources of resistance were used across studies, with body weight and free 

weights, mainly dumbbells and ankle weights, being the most common. Systematic reviews in 

older adults demonstrated that a moderately high intensity is required to elicit improvements in 

muscle strength and functional and disability outcomes.187,324,325 Therefore, future RCTs should 

investigate the ideal training intensity for improving physical functioning and HRQoL and 

reducing fall and fracture risk in people at risk of fracture. Moreover, several factors affect the 

engagement in PRT programs, such as discussing the exercise program and its benefits with a 
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health care professional.326,327 Conversely, barriers like pain, injury, illness, or fear of having a 

heart attack or stroke or of death need to be addressed to engage people in resistance training.326 

Many of the studies we reviewed involved supervised PRT, so individuals may need supervision, 

at least initially, to achieve the observed improvements in physical functioning and HRQoL or 

pain reduction. Indeed, despite a moderate to high adherence (85%) to a 6-week PRT home 

exercise program, Cergel et al289 showed greater improvements in physical functioning and 

HRQoL and pain reduction in a supervised program compared with a home exercise program. 

Therefore, 2 to 3 sessions of PRT per week performed at a moderate to high intensity and including 

functional strengthening exercises seem to improve health-related outcomes with a minimal risk 

of adverse events. We acknowledge some limitations of our work. Selection bias might threaten 

the external validity of our work. Only 4% of the participants were men, and only a small number 

of studies included participants considered to be at high risk of fracture (eg, 6 studies of individuals 

with at least 1 hip fracture and 4 studies with at least 1 non-hip or non-spine fracture). Our findings 

may not be generalizable to individuals who are frail or at high risk of fracture. The majority of 

the interventions were multicomponent (eg, PRT plus balance, PRT plus impact, etc.), and we 

planned sensitivity analyses for studies using PRT alone, but the effects were not statistically 

significant or the number of studies often limited our ability to do so. Moreover, the number of the 

studies is limited for some of the outcomes, thus reducing the confidence in their interpretation. 

Studies examining the effects of PRT alone on health-related outcomes in adults at risk of fracture 

would be of value. The lack of consistency in blinding of intervention specialists and outcome 

assessors, the incomplete and selective outcome reporting present in many studies, and the 

substantial heterogeneity across studies suggest caution before making inferences for a few 

outcomes. Finally, we identified studies that were eligible but were missing information, and we 

contacted the authors; however, some did not respond. Accordingly, some data are missing, and 

we therefore had to exclude 4 studies.328–331 PRT has beneficial effects on HRQoL and physical 

performance and may reduce pain in individuals at risk of fracture. There was no statistically 

significant effect of PRT on falls or risk of experiencing a fall or fall-related injury, while adverse 

events were infrequently reported and effects on fractures are unknown. Based on our findings, 

PRT may be used as a beneficial and safe strategy to improve health-related outcomes in people 
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at risk of fractures. However, more well designed and carefully conducted clinical trials are needed 

to resolve important issues concerning the role of PRT in this population. 
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3.2 Study 4. Exercise for Improving Age-Related Hyperkyphosis: A Systematic Review and 

Meta-Analysis with GRADE Assessment 

 

3.2.1 Introduction 

The term hyperkyphosis defines a thoracic spine sagittal curvature of at least 40º,51,197 and it is 

usually associated with forward head posture, shoulder protraction, and flattening of lumbar 

lordosis.53 Hyperkyphosis increases the risk of reduced physical functioning, OVFs, and impaired 

pulmonary function.33,53,54,60,197,332–334 Twenty to forty percent of older adults have 

hyperkyphosis,52 which is associated with mortality independent of bone mineral density (BMD) 

and OVFs.62,197 The etiology of hyperkyphosis is multifaceted and several risk factors are 

associated with its onset. Height loss greater than 4 cm and multiple thoracic wedge fractures are 

predictive of hyperkyphosis,33 while women with hyperkyphosis have higher rate of incident 

OVFs.54 Degenerative disc disease and poor spine mobility, resulting from calcifications and 

ossification of the anterior longitudinal ligament, may increase the Cobb angle.32,335–338 Weakness 

of the spinal extensor muscles and shortening of pectoral and hip flexors muscles are associated 

with the presence of hyperkyphosis, even though it is not clear whether muscle shortening is cause 

or consequence of hyperkyphosis.52,339–341 Individually tailored exercise programs may improve 
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kyphosis and back extensor muscle strength in individuals with hyperkyphosis. However, there is 

still uncertainty about the true effects of exercise on posture or degree of kyphosis. Two narrative 

reviews made a call for new studies, as the available evidence was conflicting and 

heterogeneous.192,193 A recent meta-analysis showed modest improvements in kyphosis after 

exercise programs among participants 18 years old and older; however, the review combined 

studies of age-related hyperkyphosis with hyperkyphosis in younger adults.196 A previous 

systematic review conducted in studies of adults aged 45 years or over could not perform a meta-

analysis due to the limited number of studies available, and the findings from the included studies 

were contradictory.195 Moreover, previous systematic reviews focused exclusively on kyphosis 

outcomes, while several studies have shown that quality of life and physical functioning are 

reduced in presence of hyperkyphosis.33,53,60,334 In light of new studies published in the past decade, 

we performed a systematic review to determine the effects of targeted exercise on kyphosis angle, 

back extensor muscle strength or endurance, physical functioning, quality of life, pain, falls, and 

adverse events in adults 45 years or older. The present review is part of a series of reviews that 

will inform the upcoming Clinical Practice Guidelines for Management of Osteoporosis and 

Fracture Prevention in Canada, including recommendations on risk assessment, medications, 

nutrition, and several types of exercise. The efficacy of each type of exercise (e.g., progressive 

resistance training, walking, balance, impact exercise, yoga, etc.) is being examined separately to 

inform recommendations specific to 

the type of exercise. 

3.2.2 Methods 

3.2.2.1 Protocol 

The present systematic review was reported according to the Preferred Reporting Items for 

Systematic Review and Meta-Analysis (PRISMA).342 The protocol was informed by the Cochrane 

Handbook for Systematic Review of Interventions and registered via the International Prospective 

Register of Systematic Reviews (PROSPERO) at https:// www. crd. york.ac. uk/ prosp ero/ 

(number CRD42020180848, registered and last updated on August 28, 2020). 
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3.2.2.2 Search strategy and selection criteria 

The literature search was conducted in the following databases: MEDLINE (Ovid), EMBASE 

(Ovid), Cochrane CENTRAL (clinical trial), Cochrane database of systematic reviews (meta-

analyses), CINAHL (allied health journal content), Web of Science, and no restrictions by 

language were applied at this stage. Medical Subject Headings (MeSH terms) and keywords 

associated with kyphosis, posture, and exercise interventions were used to design the search 

strategy. The literature search was performed in May 2020. The full search strategy is reported in 

Appendix D. Selection criteria related to study design, population, intervention, comparator, 

outcome, and time are listed below.343  

 

 

 

Study design 

Based on our experience conducting a similar review in 2014,195 we were not expecting to retrieve 

a large number of randomized controlled trials (RCTs) and quasi-RCTs. Therefore, in addition to 

RCTs and quasi-RCTs, we included pre-post design studies, cohort studies, and case–control 

studies to provide a comprehensive understanding of the research in this area. Only RCTs and 

quasi-RCTs were included in meta-analyses. Full texts published in English or Italian were 

screened, because members of the research team could speak those languages fluently. 

 

Participants 

We included studies on men and women aged 45 years or older with hyperkyphosis, defined as a 

thoracic spine curvature of 40Åã or more measured with any validated tools.50,51 To be consistent 

with our prior review, we decided to make our criteria less restrictive so that we might capture 

more studies and make inferences with higher certainty. Therefore, we expanded the inclusion 

criteria to studies that did not specify how hyperkyphosis was measured but described their 

participants as having a flexed posture at baseline, or that had at least one group with a mean 

kyphosis angle of at least 40º at the baseline. We considered sensitivity analyses in studies of 

individuals with low bone mass or OVFs to determine if the effects varied by population. 
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Intervention 

We included any exercise interventions or physical therapy that involved at least one active 

component performed independently by the participants, to distinguish active exercise from 

passive mobilization aided by a physical therapist. We hypothesized that exercise programs 

targeting back extensor muscles would be the most common and wanted to explore the efficacy of 

these programs separately. Accordingly, a sensitivity analysis was performed including studies 

with at least one exercise component targeting muscular strength or endurance of thoracic or 

lumbar spine extensor muscles, cervical retractors, muscles involved in shoulder external rotation 

or scapular retraction, or other muscles involved in stability or movement of the thoracic or lumbar 

spine (e.g., prone trunk lift to neutral, thoracic rotations/extension from lateral decubitus position, 

shoulder flexion and thoracic spine extension with back at the wall, etc.). 

 

Comparator 

We included in the meta-analysis studies that had at least one comparator group that received no 

intervention or a non-exercise or a non-physical therapy intervention (e.g., educational 

intervention). Studies with an active or attention control group that participated in a different type 

of physical activity were considered for inclusion in the meta-analysis if the attention control was 

not hypothesized to have an effect on kyphosis outcomes. Studies comparing two interventions or 

within-group comparisons from non-RCTs were included in narrative syntheses only. 

 

Outcomes 

Primary outcomes 

We included studies that had the Cobb angle of kyphosis67 as an outcome, or any other indirect 

measures of kyphosis (e.g., flexicurve index31 or angle,344 manual inclinometers,75 goniometers,85 

kyphometer,345 Spinal Mouse.,82 etc.). When more than one measure of kyphosis was reported, we 

based the decision for inclusion in the main analysis on the level of evidence reported by Barrett 

et al.346 Therefore, we prioritized the outcomes as follows: Cobb angle (with patient in standing 

position), kyphometer, spinal mouse, flexicurve, manual inclinometer, digital inclinometer. The 

direct measures of kyphosis not included in the main analysis have been reported in sensitivity 

analyses. Measurements of forward head posture (e.g., occiput-wall distance,79 blocks method,50 
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etc.) were included as surrogate outcomes of kyphosis. However, since all the studies included in 

the meta-analysis reported at least one direct measure of kyphosis, we did not pool surrogate 

outcomes. Studies that used apps for smartphones and tablets to assess spine curvature were also 

included, as well as studies that measured back extensor strength or endurance. 

 

 

 

Secondary outcomes 

We included the following secondary outcomes: (1) number of people who experienced one or 

more falls, total number falls and fall-related injuries; (2) hip fractures, either self-reported or X-

ray-verified fracture of the proximal femur that occurred at the femoral neck or trochanter in a low 

trauma event, such as a fall from a standing height or less; and (3) fragility fractures, either self-

reported or X-ray-verified fracture of the spine, wrist, humerus, and pelvis that occurred following 

a low trauma event; (4) physical functioning and disability, measured using a validated tool to 

assess ability to perform activities of daily living, or performance-based measures of physical 

functioning (e.g., gait speed, 5 times sit-to-stand, timed up and go [TUG]); (5) health-related 

quality of life (HRQoL), determined using any validated measure such as a generic quality of life 

questionnaire or osteoporosis-specific quality of life questionnaire; (6) pain outcomes determined 

using a pain intensity scale (e.g., visual analog scale) or a pain subscale from a generic functional 

status questionnaire (e.g., SF-36, Nottingham Health Profile); (7) serious adverse events, defined 

as any untoward medical occurrence that, at any dose, results in death, a threat to life, inpatient 

hospitalization, or prolongation of existing hospitalization, or in persistent or significant 

disability/incapacity;261 (8) non-serious adverse events, which include any reaction related to the 

intervention such as musculoskeletal injuries (e.g., sprain, strains, joint pain, overuse injury); (9) 

mortality, due to any cause such as aging, disease, or injury-related circumstances that result in 

death. Selection of secondary outcomes was based on a survey circulated among over 1000 

members of the Canadian Osteoporosis Patient Network259 and over 100 exercise professionals.260 

 

Timeframe 
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Studies were included if the intervention lasted at least 4 weeks, deemed the minimum time to 

observe an effect on the outcomes of interest, in keeping with previous systematic reviews in 

people with low bone mass or OVFs.347,348 

 

Study selection process 

The screening process was performed using Covidence (https:// www.covidence.org/home; 

Covidence, Melbourne, Australia). Two authors (MP and NT) independently reviewed titles and 

abstracts and the full texts of the records deemed eligible after the first level of screening. Conflicts 

between reviewers were resolved by discussion or, when an agreement could not be reached, by a 

third author (LG). We extracted the following information from each study: descriptive 

information about the study (title, authors, publication date and status, country, study design); 

population and participants characteristics (Cochrane PROGRESS Plus);349 number of recruited 

participants, dropout rates and reasons, adherence rates and adverse events; intervention 

(frequency, intensity, type, duration and setting of the delivered intervention, qualification of the 

person delivering the intervention, if the programs were supervised/unsupervised or in group/alone 

and information about progression); type of comparator (if any); outcomes described above. In 

case of missing information, the corresponding authors of the individual studies were contacted. 

3.2.2.3 Data synthesis and statistical analysis 

Data were extracted using Covidence (https://www.covidence.org/home; Covidence, Melbourne, 

Australia) and then imported to RevMan 5.3 (Cochrane Community, London, UK; 

https://community.cochrane.org/help/tools-and-software/revman-5) for statistical analysis. We 

used descriptive statistics to describe studies, such as mean and standard deviation (SD), count and 

percent or median and inter-quartile range (Q1–Q3). Mean between-group post-intervention 

differences and confidence intervals or standard deviations were reported for every study, where 

applicable. We performed a fixed-effect meta-analysis and calculated a mean difference (MD) 

with a 95% confidence interval (CI) for continuous outcomes. When a variety of methods to 

measure kyphosis or other outcomes were used across the studies, we calculated a standardized 

mean difference (SMD) with a 95% CI. Incidence rate ratio (IRR) with a 95% confidence interval 

(CI) was calculated for dichotomous and count outcomes. Heterogeneity between trials was 
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assessed by using the I2 statistic. We performed sensitivity analyses to determine if effects were 

similar if limited to studies of people with low bone mass or OVFs at baseline. Sensitivity analyses 

were also performed to determine whether including only exercise programs with at least one 

active component targeting back extensor strength or endurance led to similar findings. We did 

not assess publication bias, as the power of the test is too low to detect a real asymmetry via visual 

inspection of funnel plots when less than ten RCTs are pooled.350  

3.2.2.4 Risk of bias and assessment of the certainty of evidence 

Two reviewers (MP and NT) independently assessed risk of bias of RCTs and quasi-RCTs using 

the Cochrane Risk of Bias Assessment Tool.351 Discordance was resolved by consensus or by a 

third author (LG). Reviewers were not involved in data extraction or risk of bias assessment of 

studies on which they were an author. The Grading of Recommendations Assessment, 

Development and Evaluation (GRADE) approach was used to assess the certainty of the 

evidence.265 

3.2.3 Results 

We identified 3723 unique records (Fig. 9). After title and abstract screening, we assessed 56 full-

text reports, and 23 studies, with 1399 participants (6% men) were included (the reasons for 

exclusion are reported in the Appendix A). Eleven studies included only participants with 

hyperkyphosis at the baseline205,344,352–357  but only two355,358 were RCTs with a non-active control 

group and could be pooled in the meta-analyses. Five studies included participants with both 

hyperkyphosis and low bone mass or vertebral fractures at baseline.276,285,289,295,359 The median 

duration of the interventions was 2.5 months (Q1–Q3 = 2, 5.55), and the median frequency was 3 

days per week (Q1–Q3 = 2, 5). One study evaluated the effects of yoga,344 and one other study 

combined physical therapy and taping.360 Three studies included only a back extensor muscle 

strengthening intervention,289,352,361 while other studies combined back extensor muscle 

strengthening with postural exercises,205,276,353–355,358,359 balance training,295,353,362–365 mobility 

exercises,364,366 physical therapy,285 impact exercises,188  taping,364 walking,295 or Nordic 

Walking.365 Nine studies had group interventions,266,276,344,352,352,355,358,365,366  and seven others had 

individual interventions,205,295,353,356,359,360,364 while four studies included both group and individual 

components285,289,358,363  and three studies did not report this information.357,361,362 Four 
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RCTs285,295,359,360 reported adherence as percentage of participants who completed all or most 

sessions, and it ranged from 38 to 100% (median 75.5%), while six RCTs289,344,355,358,363,364 

reported the percentage of sessions completed and it ranged from 70.3 to 100% (median 84.5%). 

Thirteen studies received funding from non-profit organizations205,285,295,344,353–355,358 and two 

studies received private funding,276,360 while eight studies did not report funding 

information.289,352,352,356,359,361,364,365 The characteristics of included studies are reported in the 

Appendix B (Table B.1). The GRADE summary of findings is reported in Fig. 10. 

 

 

Figure 9. PRISMA flow chart 
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Effects of interventions on primary outcomes 

Kyphosis outcomes 

Kyphosis index or angle was reduced after exercise or physical therapy interventions (SMD −0.31; 

95% CI − 0.46, − 0.16; 727 participants; 9 studies; I2 = 77%; moderate certainty evidence; Fig 11. 

Only two studies355,358 recruited exclusively participants with hyperkyphosis at the baseline (Table 

B.1 Appendix B). A sensitivity analysis limited to studies targeting back extensor muscle strength 

showed similar findings with less heterogeneity (SMD − 0.23; 95% CI − 0.38, − 0.08; 679 

participants;8 studies; I2 = 39%; high certainty evidence; Figure C.1, Appendix C). A sensitivity 

analysis limited to only studies with people with both hyperkyphosis and low bone mass or 

vertebral fractures did not show a statistically significant effect (SMD − 0.07; 95% CI − 0.26, 0.11; 

459 participants; 5 studies; I2 = 0%; moderate certainty evidence; Figure C.2, Appendix C)). Two 

RCTs reported on kyphosis outcomes but could not be included in the meta-analysis. Bergstrom 

et al.276 did not observe statistically significant between group differences after a 6-month 

progressive resistance training and walking program, but the authors did not report the data 

regarding kyphosis outcomes. Greendale et al.344 included only participants with hyperkyphosis at 

the baseline, and reported a statistically significant between-group difference in kyphosis index 

measured with flexicurve (median − 3.64%; Q1– Q3 = − 8.98%, 1.34%; p = 0.004) but not in the 

degree of kyphosis assessed with kyphometer (median − 5.17%; Q1–Q3 = − 8.38%, 0.93%; 

p=0.44) after 6 months of yoga classes. Seven RCTs measured kyphosis but were not included in 

pooled analyses because they compared the effects of two different interventions (Appendix B). 

Other sensitivity analyses (e.g., including alternative kyphosis outcome measures or home exercise 

programs instead of supervised ones) related to kyphosis outcomes did not show different findings 

(Figures C.3, C.4, C.5, Appendix C). Seven studies measured kyphosis with an 

inclinometer,266,285,289,352,352,359,364 six studies utilized a kyphometer,205,276,344,354,355,358 five studies 

utilized a flexible ruler (flexicurve),266,295,344,361,367 three studies measured the Cobb angle with the 

subject in the standing position,355,357,358 three studies used photometric or stereophotogrammetric 

techniques,362,365,366 three studies measured the tragus-to-wall distance,352,354,367 two studies 

measured the occiput-to-wall distance,205,366 one study measured the Cobb angle with DXA with 
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the subject in the lateral decubitus,266 one study utilized the Spinal Mouse,360 one study used the 

Rancho Bernardo Blocks method,344 and one other study used the Posture Pro 8 software.356 

 

 

Figure 10. GRADE summary of findings table. CI: Confidence interval; SMD: Standardized mean difference; MD: 

Mean difference. Explanations. A. Confidence intervals close to the no difference line. B. Outcome assessors were 

not blinded in one study, and two studies had incomplete and selective outcome reporting. C. Low number of studies 

and/or participants. D. Serious unexplained heterogeneity. E. Confidence intervals overlap with the no 



 

 70 

 

Figure 11. Forest plot of the effects of exercise or physical therapy interventions on kyphosis angle or index. Risk of 

bias. A Random sequence generation; B allocation concealment; C blinding of participants; D blinding of intervention 

specialists; E blinding of outcome assessors; F incomplete outcome 

 

Back extensor muscle strength 

Exercise had a positive effect on back extensor muscle strength (MD 10.51 N; 95% CI 6.65, 14.38; 

3 RCTs; 150 participants; I2 = 0%; very low certainty evidence; Fig.12). The three RCTs reporting 

back extensor muscle strength as an outcome were performed in people with hyperkyphosis and 

low bone mass or vertebral fractures, and included interventions targeting back extensor muscle 

strength. Two pre-post trials showed improvements in back extensor strength after a 1-month and 

a 3-month back extensor strengthening program, respectively.353,354 

 

 

Figure 12. Forest plot of the effects of back extensor strengthening programs on back extensor strength. Risk of bias. 

A random sequence generation; B allocation concealment; C blinding of participants; D blinding of intervention 

specialists; E blinding of outcome assessors; F incomplete outcome 

 

Back extensor muscle endurance 

Exercise improved back extensor muscle endurance assessed with the timed loaded standing test 

(MD 9.76 s; 95% CI 6.40, 13.13; 5 studies; 597 participants; I2 = 95%; low certainty evidence; 

Fig. 13). Sensitivity analysis including only studies performed among people with both 

hyperkyphosis and low bone mass or vertebral fractures showed a significant mean difference in 
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back extensor endurance in favor of exercise (MD 29.81 s; 95% CI 22.61, 37.01; 397 participants; 

3 studies; I2 = 96%; low certainty evidence; C.7, Appendix C). 

 

 

Figure 13. Forest plot of the effects of back extensor strengthening programs on back extensor endurance assessed 

with timed loaded standing test. Risk of bias. A Random sequence generation; B allocation concealment; C blinding 

of participants; D blinding of intervention specialists; E blinding of outcome assessors; F incomplete outcome data; 

G selective outcome reporting; H other sources of bias 

 

Effects of interventions on secondary outcomes 

Falls and fractures 

No studies reported on hip fractures as an outcome. Barker et al.295 reported 6 fragility fractures in 

the exercise group (216 participants) and 8 fragility fractures in the control group, but they do not 

state that any were attributable to the intervention. Three studies reported falls as an outcome, and 

they all were performed among people with both hyperkyphosis and low bone mass or vertebral 

fractures, and targeted back extensor muscle strength. Effects of exercise on the rate of falls were 

not statistically significant (IRR 1.15; 95% CI 0.64, 2.05; 537 participants; 3 studies; I2 = 0%; low 

certainty evidence; C.8, Appendix C). Physical functioning, quality of life, and pain Four studies 

reported TUG test as an outcome, and they all targeted back extensor muscle strength. Exercise 

interventions resulted in a small, statistically significant improvement in the TUG test (MD − 0.28 

s; 95% CI − 0.48, − 0.08; 260 participants; 4 studies; I2 = 94%; very low certainty evidence; C.9, 

Appendix C). We chose to pool data for the TUG test as it was the test most frequently performed. 

Other physical functioning assessments were performed across studies, but the number of studies 

for each outcome was very small and the results varied across studies (Table D1, Appendix D). 

There was an improvement in HRQoL with exercise alone or combined with physical therapy 

(SMD 0.21; 95% CI 0.06, 0.37; 661 participants; 6 studies; I2 = 78%; moderate certainty evidence; 

C.10, Appendix C). A sensitivity analysis of studies that targeted back extensor muscle strength 

showed similar findings (SMD 0.26; 95% CI 0.10, 0.42; 613 participants; 5 studies; I2 = 78%; 
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moderate certainty evidence; C.11, Appendix C). Findings from a sensitivity analysis including 

only studies in people with both hyperkyphosis and low bone mass or vertebral fractures were 

consistent (SMD 0.28; 95% CI 0.08, 0.48; 413 participants; 3 studies; I2 = 87%; moderate certainty 

evidence; C.12, Appendix C). There was a statistically significant reduction in general pain with 

exercise alone or combined with physical therapy (MD − 1.44 points; 95% CI − 0.39, − 0.13; 352 

participants; 6 studies; I2 = 91%; low certainty evidence; C.13, Appendix C). A sensitivity analysis 

including studies in people with both hyperkyphosis and low bone mass or vertebral fractures 

showed similar effects on pain (MD − 1.49 points; 95% CI − 1.92, − 1.07; 306 participants; 5 

studies; I2 = 95%; low certainty evidence; C.14, Appendix C). The interventions of the studies 

included in this sensitivity analysis targeted back extensor muscle strength. 

 

Adverse events 

Only six studies reported on adverse events. Five studies285,295,355,358,363 stated that there were no 

serious adverse events associated with the intervention. The effect on the rate of minor adverse 

events was not statistically significant (IRR 1.29; 95% CI 0.95, 1.74; 707 participants; 5 studies; 

I2 = 41%; low certainty evidence; C.16, Appendix C), and adverse events were attributable to 

interventions only in two studies. Bennell et al.285 reported six minor adverse events that were 

related to intervention among 11 participants (shoulder pain: n = 2; flare-up of a wrist injury: n = 

1; sore knee: n = 1; sore waist with particular exercises: n = 1; irritation with the tape: n = 1) and 

all were resolved with intervention modifications. Bautmans et al.360 stated that some patients 

reported discomfort during the execution of overhead exercises, while others experienced mild 

skin irritations due to the tape and pain during the mobilizations (not pooled). Kaijser Alin et al.363 

reported twelve minor adverse events in intervention group (38 participants) and 25 in the control 

group (37 participants), without specifying whether they were due to the intervention, and muscle 

or joint complaints occurred at a similar rate in both the groups (4 intervention, 3 control). Katzman 

et al.358 reported 30 minor adverse events in the intervention group (51 participants) and twelve in 

the control group (48 participants), but none was directly attributed to intervention. Katzman et 

al.355 reported 56 minor adverse events (including 4 falls) in 53 participants in the intervention 

group, and 31 minor adverse events (of which 7 were falls and 22 musculoskeletal pain) during 

the 3-month waitlist period (48 participants). Katzman et al.355 stated that the majority of the 
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musculoskeletal complaints were pre-existing and none of the events was directly attributable to 

the intervention. Barker et al.295 reported two deaths and 26 adverse events (including 5 falls and 

6 fragility fractures) in the exercise group (216 participants) compared to 22 adverse events 

(including 4 falls and 8 fragility fractures) in 196 participants of the control group, but they did 

not state that any were attributable to the intervention. Watson et al.266 did not report any fractures 

after the intervention. 

 

Risk of bias in individual studies 

Among the 23 included studies, 19 were RCTs or quasi-RCTs. The risk of bias graph is reported 

in Fig. 6. The risk of bias summary for individual studies is reported in the Appendix E (Figure 

E.1). Sensitivity analyses including only RCTs considered at low risk of bias did not alter the 

findings. 

 

 

Figure 14. Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages 

across all included studies. 

3.2.4 Discussion 

There is moderate-to-high certainty evidence that multicomponent interventions, often targeting 

back extensor muscle strength, cause a small improvement in hyperkyphosis. Furthermore, small 

improvements in physical functioning and HRQoL, along with a reduction in general pain, have 

been observed. However, the effects of back extensor exercise programs on kyphosis outcomes 
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among people with low bone mass or vertebral fractures were less certain. The findings support 

the inclusion of recommendations in favor of exercise programs that target hyperkyphosis and 

back extensor muscles in adults with hyperkyphosis. Our review included a larger number of 

studies and for some outcomes, moderate-to-high certainty evidence, when compared to the 

previous systematic review from Bansal et al.,195 where the limited number of studies did not 

permit a meta-analysis, the evidence was conflicting and the included studies of low quality. One 

other systematic review196 reported larger standardized mean differences for effects on measures 

of thoracic kyphosis (SMD 1.4; 95% CI − 2.15, − 0.66); however, they also included studies 

performed in younger adults whose hyperkyphosis may have a different etiology and, compared 

to older adults, they are less likely affected by factors that may interfere with the training process 

and reduce the margins for improvements in kyphosis, such as vertebral fractures, ossification of 

ligaments, or degenerative disc disease. Furthermore, Gonzalez-Galvez and colleagues196 utilized 

a random-effect model in their meta-analyses, while we adopted a fixed model, as it is 

recommended to estimate the same underlying intervention effect in a specific population and, 

consequently, trials with larger sample sizes were given more weight.350 Moreover, in keeping 

with the findings of our meta-analyses, a few prospective and pre-post studies205,354,362 (of which 

two included only people with hyperkyphosis205,354) showed beneficial effects of multicomponent 

interventions that included back extensor exercises in reducing the kyphosis. Even though a 

minimal clinically incidence rate ratio in the degree of kyphosis has not been determined yet, our 

findings support recommending exercise, and perhaps a focus on back extensor muscle exercises, 

for improving age-related hyperkyphosis. Among the included studies, the ones that demonstrated 

improvements in back extensor strength or endurance included specific exercises to target back 

extensor muscles, such as shoulder flexion and thoracic spine extension with back at the wall. 

However, the evidence is of low or very low certainty because of the risk of bias or high 

heterogeneity. Given that persons with hyperkyphosis have specific spinal strength and endurance 

impairments that are associated with adverse health outcomes, this study highlights the importance 

of targeted exercise in this population to reduce risk. Two pre-post trials in people with 

hyperkyphosis showed similar improvements after a 1-month and a 3-month back extensor 

strengthening program, respectively.353,354 Trunk extensor strength is associated with better 

performance on the Six-Minute Walk Test, the Sitting and Rising Test, and the Berg Balance 
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Scale,368 and the ability to limit trunk motion after trips and slips appears to discriminate between 

older adults who fall and those who do not.369 We report very low certainty evidence that 

multicomponent or back extensor strengthening interventions can improve performance on the 

TUG test in people with age-related hyperkyphosis. Our results are in line with previous systematic 

reviews which showed improvements in the performance on the TUG test after progressive 

resistance training, with or without back extensor exercises, in people with low bone mass or 

osteoporotic vertebral fractures.164,347 A MCID for the TUG test has not been established in 

individuals with osteoporosis. Frank-Wilson et al.317 noticed a difference of 1.2 s in the TUG test 

between people who experienced at least one fall and those who did not. However, community-

dwelling older adults often have fast times for the TUG test at the baseline, so there might be 

ceiling effects or limited margin for improvement. A lower gait speed is associated with an 

increased risk of experiencing multiple falls in older adults;370 therefore, improvements in 

functional performance may help prevent falls. We did not detect any effects of back extensor 

strengthening programs on the rate of falls, but the studies were not designed or powered to 

examine falls as an outcome. Other interventions incorporating balance and functional training 

successfully reduced the rate of falls and risk of being a person who falls among older adults.371 

Exercise may improve HRQoL and general pain, and the reduction in general pain exceeded the 

MCID for chronic musculoskeletal pain.372 We have observed similar small improvements in 

HRQoL and general pain in people with low bone mass after progressive resistance training 

interventions.347 People with hyperkyphosis commonly present upper- and mid-back pain,33 and 

usually report a poor quality of life. Indeed, the physical limitations resulting from hyperkyphosis 

affect the performance of several daily activities and increase the fear of falling, resulting in social 

limitations and low satisfaction with life.51,60,373 However, none of the included studies was 

designed to measure quality of life or pain as a primary outcome. Considering the impact of poor 

quality of life and pain, adequately powered trials should investigate alternative interventions and 

strategies to improve quality of life among people with hyperkyphosis. Back extensor 

strengthening or physical therapy interventions in older adults with hyperkyphosis appear to be 

safe, as no serious adverse events occurred. Some minor adverse events happened, but only 

Bennell et al.285 reported that the events were attributable to the intervention. Similarly, systematic 

reviews of exercise interventions in older adults reported that some minor adverse events may 
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occur, mostly joint or musculoskeletal pain.190,254,255 Bautmans et al.360 reported some mild skin 

irritations due to the tape and pain during the mobilizations or overhead exercises, but some 

patients stated that, at the end of the program, they experienced less pain, were able to walk longer, 

and were more flexible. Implementation of the findings of our review may be informed by our pre-

planned sensitivity analyses. The substantial heterogeneity resulting from the main analysis (I2 = 

77%) can be explained in part by variability in interventions. Heterogeneity was lower (I2 = 39%) 

when we limited the analyses to studies that included back extensor muscle exercises (alone or 

combined with other exercises/interventions), as part of an a priori sensitivity analyses driven by 

our hypothesis that improving back extensor muscle strength or endurance is important for 

reducing hyperkyphosis. Back extensor strengthening combined with other exercises targeting 

posture (e.g., spine extension, core stability, etc.) was the most common exercises used in the 

studies we analyzed, frequently executed with elastic bands or body weight, both in standing and 

supine/lateral decubitus positions. Based on the existing evidence, it is not possible to recommend 

an ideal intensity or volume. The frequency of the training ranged from 2 to 7 days a week (median 

3) and the duration ranged from 1.5 to 8 months (median 2.8). Exercise programs targeting specific 

impairments often require some instruction or supervision, and disability and lack of transportation 

are barriers to participation in in-person community exercise classes or services.374,375 Katzman et 

al. [56] pilot tested a remotely delivered exercise intervention in people with hyperkyphosis, 

showing good acceptability and improvements in kyphosis and physical activity outcomes, 

suggesting that using technology to deliver exercise interventions in older adults with 

hyperkyphosis may be an area for further investigation. We acknowledge some limitations of our 

work. Due the limited number of studies, we could not perform sensitivity analyses of studies that 

recruited only participants with hyperkyphosis. Many studies included individuals with no 

hyperkyphosis at baseline, and this may result in a ceiling effect, in that it would be difficult to 

improve kyphosis in people with no hyperkyphosis at baseline. Exercise tolerance may also be 

different in people with hyperkyphosis compared to those without. Therefore, future studies of 

interventions to address hyperkyphosis should target only individuals with hyperkyphosis at 

baseline. Only 6% of the participants were men; therefore, caution is recommended before 

generalizing the results. More than a half of the studies did not blind outcome assessors, and most 

of the studies present concerns about generation and allocation of the random sequence. Moreover, 
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most of the studies did not report on adverse events, raising some concerns for selective reporting 

bias. Therefore, even though only a few minor adverse events were noted, future investigations 

should comprehensively assess the safety of exercise and other interventions in this population. 

We identified studies that were eligible but were missing information; we contacted the authors, 

but some did not respond. Consequently, some data are missing and we had to exclude two 

studies.32,376 We screened only full texts in English or Italian; therefore, some eligible references 

might have been excluded. Finally, the submission of the manuscript was delayed and thus it is 

possible that new papers have emerged since our search. 

 

3.2.5 Conclusion 

Interventions targeting hyperkyphosis, often including back extensor muscle strengthening, may 

improve kyphosis and back extensor strength in older adults with hyperkyphosis. Furthermore, 

they may result in small improvements in physical functioning and HRQoL, along with a reduction 

in general pain. However, many studies included also individuals without hyperkyphosis at the 

baseline. Therefore, to have a more accurate estimation of the magnitude of the effects, future trials 

to improve hyperkyphosis should recruit only individuals with hyperkyphosis at baseline. Given 

that only a few minor adverse events were reported, exercise interventions to correct age-related 

hyperkyphosis can be implemented in clinical practice. 



78 

Chapter 4 
Recommendations for the non-pharmacological management of osteoporotic 

vertebral fractures.  

This chapter informed the Guidelines for the management of the Symptomatic Vertebral 

Fragility Fractures of the Royal Osteoporosis Society (UK). 

 

The findings from this chapter will be presented as one manuscript, which has been submitted to 

Osteoporosis International. 
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4.1.1 Introduction 

OVFs are the most common type of fracture in people with osteoporosis,24,25,377 and are associated 

with several morbidities and increased mortality.27,378 One in five women with an incident 

osteoporotic OVF will experience another one within one year,29 and the risk of death is nine times 

higher following an OVF.379 OVFs may cause pain, loss of height and progressive thoracic 

kyphosis, which may lead to difficulties in performing daily activities.24,30,380,381  
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Non-pharmacological interventions such as exercise, taping, bracing and spine-sparing 

strategies are sometimes used to improve posture and reduce pain, disability and fracture risk,382–

384 but the evidence is limited and no best practice guidance exists. A 2019 Cochrane review164 on 

the effects of exercise in people with OVFs showed that the number of studies was inadequate to 

determine the effects on falls, fractures, adverse events, pain and health-related quality of life, 

while there were small improvements in physical function (e.g., performance on the Timed Up and 

Go test). Randomized controlled trials (RCTs) and systematic reviews of interventions in people 

with osteoporosis or hyperkyphosis showed that exercise, alone or combined with other 

interventions, may improve posture, physical functioning, fear of falling and quality of life in 

people with OVF, but the evidence is often heterogeneous or conflicting.278,347,358,385–387 

Furthermore, guidelines for the management of non-specific back pain recommend staying active 

and practicing general physical activity,388–391 but the evidence does not allow us to draw 

recommendations on specific types of exercise or other non-pharmacological techniques to reduce 

pain after OVFs.  

Resistance, balance and aerobic exercise training are recommended for people with 

osteoporosis, with or without OVFs, and it is ideal that individuals with OVF are educated on these 

forms of training as part of a consultation with a physiotherapist to ensure the adoption of spine 

sparing strategies.383,392 However, the absence of specific guidelines for the management of people 

with OVFs383 represents a barrier for healthcare providers. A survey among over 100  

physiotherapists, kinesiologists and exercise instructors that was circulated to inform the upcoming 

Canadian Clinical Practice Guidelines for the Prevention and Management of Osteoporosis 

revealed that 46% of the participants were not comfortable guiding exercise in people at high risk 

of fractures, and 92% wanted more guidance to support safe exercise in this group.260 Therefore, 

we performed a Modified Delphi consensus process to generate multidisciplinary biopsychosocial 

recommendations for the non-pharmacological management of OVFs.  

 

4.1.2 Methods 

We established a steering committee that included: physicians and other healthcare practitioners 

(HCPs) in geriatrics, internal medicine, physiotherapy, and dietetics; researchers with expertise in 
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rehabilitation, pain, nutrition, malnutrition, osteoporosis, post-fracture care and knowledge 

translation (KT); patients and stakeholders. The steering committee decided to focus on the 

following strategies for the non-pharmacological management of OVFs: pain management, 

bracing, exercise, safe movement education and training, and nutrition. We adopted a five-step 

modified RAND/UCLA Delphi consensus process393 consisting of: literature search and content 

analysis (phase I), creation of the survey by our team (phase II), expert panel selection and 

recruitment (phase III), first round of the rating process (phase IV), and second round of the rating 

process (phase V) (Figure 1). 

 

 

Figure 15. The modified RAND/UCLA Delphi consensus process. 

 

 

Phase I – Literature search and content analysis  

We performed literature searches to collect direct or indirect evidence or recommendations that 

could be applied in the management of people with OVFs to inform the statements of the survey. 

We performed three literature searches in PubMed to retrieve: a) existing guidelines for the 

management of low bone mass or osteoporosis; b) existing guidelines for the management of back 

pain; c) existing guidelines on nutrition management in older adults, and only guidelines pertaining 

to the non-pharmacological management of low bone mass, back pain and nutrition in older adults 

were included. We also included two systematic reviews led by our team on the effects of exercise 

interventions164 and bracing394 in people with OVF, and five clinical trials of exercise interventions 

in people with OVF,285,289,395–397 to extract the exercises prescribed, organize them by therapeutic 

goal, and present them to the panelists of our Modified Delphi for input on their appropriateness. 

The eligible papers were then uploaded in the NVivo 12 software (version 12.6.0; QRS 

International, Burlington, MA, USA), and we performed a conceptual content analysis398 of each 

included paper to identify any information on pain management, bracing, exercise, safe movement 

Phase I – Literature search 

and content analysis

• Guidelines for the management of low bone mass or osteoporosis

• Guidelines for the management of back pain 
• Guidelines on nutrition in older adults
• Cochrane review on the effects of exercise in people with OVF

• Systematic review on the effects of bracing in people with OVF

Phase II – Creation of the 

survey by our team

Panelists rated their agreement upon a 

series of statements using a 9-point scale 
(1 = of strongly disagree, 

9 = strongly agree)

Phase III – Expert panel 

selection and recruitment
6 

weeks

• Lead authors of guidelines papers and exercise or 

rehabilitation trials in people with OVF 
• Members of the Fragility Fracture Network Special 

Interest Group or national osteoporosis organizations

• BoneFitTM lead instructors

Phase IV – First round 

of the rating process

Phase V – Second round 

of the rating process
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education and training, and nutrition that may be relevant in the non-pharmacological management 

of OVFs.  

 

Phase II – Creation of the survey by our team 

Two authors (MP and LMG) generated draft statements based upon the content analysis and 

information gathered during phase I. These statements were finalized after interviews with 10 

people with OVF and 10 healthcare practitioners working with people with OVF.399,400 The 

statements were then converted into a survey (Appendix E), which was finalized after two 

videoconferences and two rounds of revisions by the team members.  

 

Phase III – Expert panel selection  

We invited potential panelists who met the following inclusion criteria: degree in physiotherapy, 

medicine (with specialization in physiatry, geriatrics, rehabilitation medicine or similar fields), and 

other physiotherapy- or kinesiology-related degrees; self-reported clinical or research experience 

in management of osteoporotic OVFs; and ability to understand, read and write in English. We 

used purposeful and convenience sampling techniques to recruit eligible participants among: first 

and last authors of guidelines papers and exercise or rehabilitation trials in people with OVFs; 

members of the Fragility Fracture Network Special Interest Group; representatives from the 

National Osteoporosis Foundation, the Royal Osteoporosis Society and other national osteoporosis 

organizations;  BoneFit lead instructors. No exclusion criteria based on country, ethnicity, or 

gender were applied. Potential contributors were contacted via email. We aimed to recruit 20 

participants to complete each round; therefore, considering the absence of a formal method to 

determine sample size in Delphi studies and the potential challenges in recruitment, we contacted 

76 potential participants. The steering committee performed recruitment and selection of the 

panelists but was impartial to the rating process. The study received ethics approval from the 

University of Waterloo Research Ethics Board (ORE #43154).       

 

Phase IV and V – First and second round of the rating process  

The experts who agreed to participate were emailed a link to the online survey, generated using 

Qualtrics (QualtricsXM, Seattle, US, https://www.qualtrics.com/); both rounds of rating were 

https://www.qualtrics.com/
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anonymous. Participants were asked to agree or disagree upon 49 statements by using a 9-point 

Likert scale (Appendix E); a space for optional open-ended comments was provided for every 

statement. The survey ended with a few open-ended questions, that arose in prior surveys, 

interviews, or input from of health care providers who manage people with OVFs400 and that are 

not addressed by the extant literature (Appendix E). Consensus for each statement was determined 

by counting the number of panelists whose rating was outside the 3-point region containing the 

median. The minimum consensus threshold for each statement was established a priori, based 

upon the resultant number of respondents, in accordance with the RAND/UCLA approach 

(Appendix E).393 Participants were asked to complete the first round within four weeks; two weeks 

after the end of the first round, we invited to participate to a second round all the potential 

contributors that were contacted to participate in the first round. Participation to the first round 

was not a requirement to participate to the second round. Two authors (MP and LG) reviewed the 

answers from the first round. For statements where consensus was not reached, and for the answers 

to the open-ended questions, the two authors generated a new set of statements based on feedback 

received (Appendix E). Statements where a consensus was reached during the first round were 

enriched with the feedback provided by the panelists. The experts who agreed to participate to the 

second round were emailed a summary of the distribution of the ratings for every statement from 

the first round, a list of the final statements where consensus was reached in the first round, and a 

link to the survey for the second round, where they were asked to rate the revised statements where 

consensus was not reached. Participants were asked to complete the survey within four weeks. 

Reminders were sent via email after two weeks during both rounds. We decided a priori to not 

invite dietitians to the modified Delphi consensus process, due to the limited exposure to OVF 

patients in community practice.401 A registered dietitian is part of our team (HK), and we invited 

four external dietitians with expertise on vitamin D, calcium, and bone health to review the 

statements on nutrition after the survey was closed to finalize recommendations. We calculated 

the percentage of consensus for each statement, as well as the mean percentage of consensus across 

statements for each round. A third round was not performed because the predefined level of 

consensus for each statement was reached after the second round. Demographic information (i.e., 

age, gender, race, main occupation, years of experience at current occupation) were collected at 
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the beginning of the survey and presented as descriptive statistics (mean ± standard deviation 

[SD]), or counts (n) and percentages [%]). 

4.1.3 Results 

Thirty-one (response rate: 41%) and 27 (response rate: 36%) experts from Asia, Europe, North 

America, and Oceania participated in the first and the second round, respectively. The mean age 

was 55 ± 11 years for the first round and 54 ± 12 years for the second round. The panelists included 

physiotherapists, rheumatologists, and geriatricians who have been practicing their occupation for 

over 20 years on average (Appendix E). In the first round, the mean percentage agreement was 

76.6% ± 16.0%, and there was lack of consensus on 20 out of 49 statements (n = 15 on exercise, 

n = 3 on nutrition, n = 1 on bracing, n = 1 on pain management; Appendix E). The second round 

included 30 statements; the mean percentage agreement was 90.7% ± 6.5%, and consensus was 

reached for all the statements (Appendix E). Three of the four dietitians we contacted agreed to 

provide feedback on the recommendations on nutrition.  

 

4.1.3.1 General recommendations  

1. Individuals with vertebral fracture should: 

a. Avoid prolonged or continuous bed rest.  

A few days of bed rest might be indicated in presence of severe pain immediately after the 

fracture, but prolonged or continuous bed rest should be limited as much as possible. 

b. Avoid heavy physical exertion, lifting, or activities that exacerbate pain during the 12-week 

period following fracture (e.g., carrying groceries, lifting pets or children, yard work).  

When to resume these activities will depend on the severity of fracture(s) and symptoms. 

Resume activities involving heavy physical exertion gradually. 

c. Receive education on pain expectation.   

For example: that, for most people, pain and activity tolerance will get better over time, but it 

may take 3 months or longer; and that they can gradually start or resume exercise and physical 

activities of daily life, leisure, or work as pain diminishes. 
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d. Receive education that having a spine fracture increases the risk of having another fracture. 

Individuals with vertebral fractures must be referred to their physician to learn about treatment 

strategies (including medications, fall prevention, etc.) to prevent further fractures. 

2. In general, bracing (i.e., taping, rigid, dynamic, or soft orthoses) is not recommended for 

individuals with vertebral fractures.  

Some people believe that selected patients, immediately after fracture, can benefit from using 

braces intermittently in the acute stage, if it means reducing fear or giving the patient 

confidence to mobilize or resume activities. Evidence from clinical trials is heterogeneous and 

of very low certainty, and there is high risk of bias. Bracing should not be used routinely and 

should not be used at all in subacute or chronic stages post-fracture. 

3. When the therapeutic goal is to improve respiratory function, individuals with acute or chronic 

vertebral fractures can be taught diaphragmatic breathing exercises.  

For example: in the supine position supine with knees bent and feet flat on lying surface, cueing 

focus on lower rib expansion and diaphragm contraction on inhale through nose, and exhaling 

through pursed lips with focus on lower ribs moving in, pelvic-floor and deep abdominal 

muscle contraction). Progression involves practicing breathing exercises during sitting or 

standing. 

4. In the acute and chronic stages after a vertebral fracture, healthcare professionals are 

encouraged to use “how to” language rather than only suggesting activity restrictions, and to 

be mindful of choosing words carefully, to promote optimism rather than create fear and 

activity avoidance.  

Health care professionals can provide examples of activities that should be modified or 

avoided (e.g., bend at your hips instead of rounding your back; get someone to lift heavy 

objects for you instead of doing it yourself). 

5. For individuals with fear-related beliefs (e.g., fear of pain, fractures, falling, movement, etc.), 

consider education on coping techniques, body awareness, spine safe movement strategies, and 

movements to modify or avoid, being mindful of choosing words carefully to avoid creating 

fear and activity avoidance. 

6. Refer to a physiotherapist or occupational therapist to perform an assessment of fall risk and 

physical functioning, or a home hazard assessment, where appropriate. 
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7. When body image is a concern at any stage post-vertebral fracture, health professionals could 

consider using education or approaches informed by cognitive behavioural therapy to enhance 

self-esteem and improve the perception of body image. 

 

4.1.3.2 Recommendations on pain management 

Strategies to manage back pain and discomfort (in acute or chronic stages) associated with 

vertebral fracture include:  

1. Assessment by a healthcare professional for pain-related psychological risk factors (e.g., pain 

catastrophizing, pain-related fear, anxiety, social isolation, low mood) that could increase the 

risk of persistent pain and disability.   

If present, consider referral to a health professional (e.g., physiotherapist, occupational 

therapist, psychologist) who has expertise in pain and psychological factors. 

2. Avoiding prolonged sitting and, and when sitting, do so with attention to posture, as well as 

when getting in and out of the seated position.  

If prolonged sitting is necessary, for example at work, get up and move around every 30 

minutes and consider consulting an ergonomist about alternative strategies, such as perched 

sitting or standing desks. 

3. Lying supine on the floor, bed, or firm surface, with feet flat on surface and knees bent, to 

unload the spine, encourage spinal extension and stretch pectoral and front shoulder muscles.  

Individuals with hyperkyphosis can use one or more pillows under the head. While there is no 

RCT evidence to support this statement, there is a prior consensus process encouraging this 

approach.383 A frequency of 2-4 times per day for 15-20 minutes each bout has been 

suggested.383 

4. Education on movements to avoid or modify (e.g., rapid, repetitive, weighted, sustained or 

end-range flexion or twisting of the spine) and on strategies to reduce loads on the spine (e.g., 

hip hinge, step-to-turn, getting up and moving around every 30 minutes) during physical 

activities of daily life, leisure, and work.  
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Where possible, refer to a physiotherapist for assessment and education, or suggest free 

resources for education, to get detail on the types of movements to modify or avoid. 

5. Pacing or “graded activity” to help facilitate increased activity tolerance, or to avoid doing too 

much too soon.  

6. Self-application of cold or heat for sore or painful areas can be performed if it helps to manage 

pain, with education on when and how to safely apply it. 

7. In presence of chronic pain after the fracture has healed (>12 weeks post fracture), consider 

whether the patient would benefit from a referral to an interdisciplinary pain management 

clinic or psychologist that specializes in the biopsychosocial management of pain, or, to a 

physician for the medical management of pain. 

 

4.1.3.3 Recommendations on performing daily activities safely 

Individuals with vertebral fractures are often given advice not to lift things, or bend or twist the 

spine. However, lifting things, forward bending, and twisting the spine are often impossible to 

completely avoid in the daily life.  

Recommendations on safe movement education for individuals with vertebral fractures include:  

1. Consult a physiotherapist or occupational therapist on safe movement during activities of 

leisure or daily life. 

2. Bend at the hips, knees, and ankles rather than rounding the back. 

3. Rather than twisting the torso, use a step-to turn, so that the trunk, knees, and toes face the 

same direction. 

4. When holding objects out front, hold them close to the body, and when holding something in 

hands at sides of body, split and distribute the weight evenly across both hands (e.g., carrying 

shopping bags). 

5. Use slow and controlled movements rather than sudden movements. 

6. Look for print or online resources from a national osteoporosis society. 
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4.1.3.4 Recommendation on exercise and physical activity 

1. Ideally in consultation with a physiotherapist or exercise physiologist, individuals with a 

vertebral fracture should initiate an individualized exercise program focusing on goals such as 

improving back extensor endurance, spinal mobility, physical functioning, and balance. 

The exercise program can be introduced within 4-12 weeks after vertebral fracture, as 

tolerated, or when acute fracture-related pain has diminished, or after 12 weeks, based on 

patient preference and clinician judgement. Exercises to consider are provided in the 

Appendix E. 

Individuals with a vertebral fracture should be referred to a physiotherapist or exercise 

physiologist, so that exercises can be phased in and tailored according to the patient's needs, 

health conditions, abilities, fracture type and symptoms, and time post-fracture (e.g., start with 

focus on teaching body mechanics, individualized selection and phasing in of exercises). 

When access to physiotherapy or exercise physiologist is not possible, refer patients to print 

or online resources from a national osteoporosis society.  

2. When pain has diminished and the fracture has healed (usually around 12 weeks post fracture), 

individuals with vertebral fracture should initiate an exercise program, ideally in consultation 

with a physiotherapist or exercise physiologist, and informed by a baseline assessment, so that 

it can be tailored to the patient. 

The exercise program should include balance and functional training and progressive 

resistance training, focusing on form first and then progressing to moderate intensity (i.e., 70-

80% of estimated 1 repetition maximum (RM), or 8-12 RM, determined during baseline 

assessment - an estimated 1 RM is suggested as the safety of 1 RM testing has not been 

established). 

3. There is evidence that progressive resistance training may address activity limitations and 

improve physical functioning in individuals with vertebral fracture. There are very little data 

on the effects of exercise on BMD in this population. Functional or muscle strength training 

should target muscles of upper and lower extremities, back extensor muscles and stabilizers of 

pectoral girdle.  
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When selecting exercises, consider fall risk and the loads on the spine (e.g., modify or avoid 

rapid, repetitive, weighted, sustained or end-range flexion or twisting of the spine). Clinical 

judgement is required regarding the selection of exercises, especially ones that involve 

overhead movements, or hip and lower back extension (e.g., bridging) in the presence of 

lumbar spine fractures. Exercises to consider are provided in the Appendix E. 

4. Certain exercises or physical activities are sometimes considered risky for people with one or 

more vertebral fractures, including: deadlift, overhead press, sit-ups, clean and jerk, deep 

squats, spinal flexion movements in yoga, golf, ball sports, or anything involving sudden, end-

range, or resisted spinal flexion, sudden or end-range spinal twisting. Some exercises, like 

yoga, squats, overhead presses, and modified deadlifts may be acceptable if the patient can 

perform them with good alignment, or if they could be modified to be safer, ideally supervised 

by an exercise professional. 

5. Individuals with vertebral fractures often have questions about whether they can participate in 

certain physical activities of leisure or daily life (e.g., lifting, yoga, golf, running, Pilates). If 

the person has a history or a strong preference to perform an activity, the activity should be 

encouraged if it can be performed safely, or modified; however, the patient is encouraged to 

discuss their options with a health care provider.  

Factors that may affect decision-making include the patient's physical health, functional status, 

and history of the activity, as well as time since fracture and time on therapy. 

 

4.1.3.5 Recommendations on nutrition 

 All individuals with osteoporosis should follow national guidelines or their healthcare provider's 

recommendations related to protein, calcium, and vitamin D intake. Inadequate intake of nutrients 

and calories can result in weight loss, and specifically loss of bone and muscle. When weight 

management or early satiety are a concern for individuals at any stage postvertebral fracture, 

consider the strategies below to ensure adequate intake: 

1. Referral to a dietitian. 

2. Weight monitoring at the discretion of the dietitian and client. 
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3. Dietitian to assess and educate on the recommended daily intake of protein, calcium, and 

vitamin D.  

Where diet is inadequate, recommend nutrient enhancement through nutrient dense foods and 

where required, supplementation based on guidelines and best practice. 

4. Consider how functional impairments may impact food-related activities (e.g., bending over 

in the kitchen, standing in the kitchen, grocery shopping etc.), and develop a plan to address 

this, or refer to an occupational therapist. 

5. In presence of poor appetite and weight loss, suggest energy and protein dense foods to support 

weight maintenance or gain.  

Recommend meal programs and food access related supports (e.g., grocery shopping delivery, 

meals delivered to home) where required. 

6. If dysphagia is suspected, refer to a dietitian, speech language pathologist or occupational 

therapist for assessment, education on the safest foods and use of texture-modified foods.  

7. Create an eating environment that supports food intake (e.g., preparation of appealing food). 

8. Where required, increase variety in diet, considering individual food preferences and food 

matrices of different foods (e.g., yogurt vs milk vs cheese) to support both health. 

 

4.1.3.6 Recommendations on physical assessment  

1. Sudden onset or acute exacerbation of pre-existing back or radicular pain, decreased mobility 

due to pain, increase or sudden worsening of thoracic kyphosis, loss of height or shortness of 

breath might indicate a new fracture or progression of an existing fracture, and the need for 

cessation of exercise/therapy and referral back to physician.  

2. The assessment of spinal range of motion should be avoided in people with an acute vertebral 

fracture or multiple fractures.  

If the fracture has healed, consider weighing the need for assessment with the potential risk, 

and whether their functional mobility can be assessed via observation during functional tasks 

(e.g., getting out of bed or chair). If it is necessary to assess spinal range of motion, consider 
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a modified version, or cue the movement so it is slow and controlled. Do not continue if the 

movement is painful. 

3. Some experts feel that assessment of self-limited forward reach (i.e., to assess balance) should 

be avoided in all people with vertebral fractures, or only in people with acute or painful 

fractures. Others think that it may be safe in some scenarios. Factors that might influence 

whether it is safe or necessary include: whether shoulder flexion to 90 degrees is pain free, if 

you can ensure they are not reaching forward and rotating trunk at same time, if you have a 

spotter, if standing balance is not impaired, if there is no fracture-related pain, or if it is relevant 

for ADLs, or if the patient identified it as a task they are having difficulty with. 

4.1.4 Discussion 

Our international consensus process provides multidisciplinary biopsychosocial recommendations 

that target different HCPs (e.g., physiotherapists, physicians, exercise professionals, dietitians) to 

guide clinical practice and future research among people with OVF. Pharmacotherapy is 

recommended to prevent fractures in people with osteoporosis257 and, given the high risk of having 

a subsequent fracture after the first OVF, we provide guidance on how to safely perform those 

activities of daily living that might increase the risk of fracture, such as bending forward, turning, 

and holding or carrying objects. While we advocate for the referral to physiotherapists and exercise 

professionals, we convey the message that they should also provide advice on safe movement 

techniques and pain management strategies that people can perform independently in their daily 

lives. We emphasize the “how to” rather than providing restrictions and limitations, as it is 

paramount that individuals with OVF receive guidance on how to modify activities that might be 

risky, rather than avoiding them, thus preventing or limiting negative effects on their mental health 

(e.g., anxiety, social isolation, and depression). Furthermore, we encourage the referral to a 

physiotherapist or occupational therapist to perform an assessment of fall risk and physical 

functioning, or a home hazard assessment.  Our recommendations are in line with a 2017 network 

meta-analysis of interventions for preventing falls in older adults, that demonstrated that exercise, 

alone or combined vision assessment and treatment, or with environmental assessment and 

modification, is associated with a reduced risk of injurious fall compared to usual care.402 
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Furthermore, we reached consensus on controversial topics, such as bracing and prolonged 

bed rest. Bracing remains an area where further research is needed. In general, it is not 

recommended, although there were a few respondents that thought that selected patients may find 

a brace helpful. The limited evidence suggests that we should not support the routine use of 

bracing. Bed rest can be used in the acute phase, in presence of severe pain, but should not be used 

routinely and should not be used in the sub-acute and chronic phases. We reached consensus upon 

the need of early mobilization, as early as tolerated by the patient, and provide guidance on 

therapeutic goals, as well as examples of exercises based on the stage after the fracture, with 

tailored exercise programs to improve back extensor endurance and spinal mobility in the acute 

and subacute phase, to gradually introduce exercises to improve balance, physical functioning, and 

muscle strength in the chronic phase after an OVF. Our recommendations in favour of back 

extensor and balance training are supported by existing literature. Sensitivity analyses from a 

systematic review in people with age‑related hyperkyphosis recently published by members of our 

team showed that exercise may improve back extensor strength and endurance, pain, and physical 

functioning in people with low bone mass or OVF.387 Back extensor endurance was moderately 

associated with better balance performance in 31 women with OVF,403 and poor balance is a risk 

factor for falls in older women with and without osteoporosis.404,405 A 2019 Cochrane review on 

the effects of exercise for preventing falls in the community showed that balance and functional 

training, alone or combined with progressive resistance training, reduce the number of falls.254 

Therefore, we recommend starting a tailored exercise program to improve balance and back 

extensor strength and endurance as early as tolerated, and we established consensus on the most 

appropriate exercises for different therapeutic goals in people with OVF.  

Finally, we provide some nutritional recommendations to address common consequences 

of OVFs. The importance of protein, calcium and vitamin D for maintaining bone health is well 

known,406–408 and HCPs should provide guidance on how to meet the recommended protein, 

calcium, and vitamin D intakes, and refer their patients to the numerous resources accessible to 

the public on the websites of national and international osteoporosis organizations. However, 

maintaining the recommended nutritional intake can be challenging after an OVF. Some people 

with OVF reported a reduction in their caloric intake during the first few weeks after fracture, as 

pain and immobility made preparing and consuming food challenging.399 Unintentional loss of 
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body weight is a concern, as it can cause further disability and increase the risk of death.409–411 We 

provide guidance on how to ensure an adequate nutritional intake, and we recommend the referral 

to a dietitian, in case of suspected malnutrition, or to an occupational therapist, in presence of 

functional impairments or environmental factors that impact food-related activities (e.g., preparing 

food, grocery shopping etc.). 

We acknowledge some limitations to our work. While we invited people from 16 countries 

in Asia, Europe, North America, and Oceania, none of the experts identified themselves as BIPOC. 

Further, we did not specifically formulate recommendations on behavioural change techniques to 

change practice or habits, as it was beyond the scope of the project. Researchers leading studies in 

people with OVF are encouraged to partner with experts in behaviour change, to test the efficacy 

of behaviour change techniques in people with OVF and inform their incorporation in future 

interventions. Our consensus process bridges some gaps in the non-pharmacological management 

of OVFs. We recommend a multidisciplinary biopsychosocial management of OVFs to improve 

pain and promote safe movement strategies, exercise, and adequate nutrition. Future studies should 

test the efficacy of these recommendations for improving outcomes relevant to people with OVF, 

and the effectiveness of their implementation in routine clinical practice. 
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Chapter 5 
Co-development, acceptability, and usability of a virtual intervention for the 

management of osteoporotic vertebral fractures (VIVA) 
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5.1 Introduction 

OVFs are the most common type of fractures in people with osteoporosis.24–26 However, only 

about one third of OVFs come to clinical attention,34 and approximately 50% occur in people with 

T-score greater than -2.5.37 One in five women with an incident OVF will experience another one 

within one year,412 and the risk of death is nine times higher after OVF.3 OVFs may cause pain, 

loss of height and progressive thoracic kyphosis, which can impair physical function, pulmonary 

function, and appetite.24,30,413 OVFs are associated with thoracic hyperkyphosis, which is 

correlated to higher risk of non-spine fractures and earlier mortality among older women, 

independent of spine BMD and risk factors.197,414 External loads, like groceries, laundry or 

carrying weights, increase the forces on vertebrae, and increase fracture risk,415 but OVFs often 

occur during twisting movements or forward bending with no external loads. Exercise may 
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represent a strategy to improve physical functioning and manage pain after OVFS, but further 

evidence is needed before making final conclusions on its real-world effectiveness.347,387,416  

The Medical Research Council has recommended that the development and evaluation of 

complex interventions be based on theory, tailored to the local context (according to the integrated 

knowledge translation [IKT] approach),417 informed by systematic evidence, and built on previous 

smaller-scale studies.418 Interventions that are developed using behaviour change theories lead to 

that larger effects compared to those that are not theory-based.419,420 The Patient-Centred 

Outcomes Research Institute identifies “community stakeholders” as patients, caregivers, patient 

advocates and  members of  the  general public,421 and the benefits from the involvement of 

community stakeholders at every stage of the research process are widely recognized.417 We led 

an international consensus process on the non-pharmacological management of OVFs422 which 

provided recommendations on pain management, nutrition, safe movement strategies, and 

exercise, that should be started as soon as tolerated to improve back extensor endurance, spinal 

mobility, physical functioning, and balance. However, the efficacy of these recommendations for 

improving outcomes relevant to people with OVFs, and the effectiveness of their implementation 

in the daily life have not been investigated yet. Therefore, we co-developed VIVA (Virtual 

Intervention for Vertebral frActures), a virtually delivered education and training program that 

represents the first step in the implementation of the recommendations for the management of 

OVFs, and we delivered it to a small sample of people with OVFs to test its acceptability and 

usability.  

 

5.2 Methods 

5.2.1 Co-development of VIVA 

In accordance with the IKT principles,417, we established a steering committee that included: 

physicians and other healthcare professionals (HCPs) in geriatrics, internal medicine, 

physiotherapy, and dietetics; researchers with expertise in rehabilitation, pain, nutrition, 

malnutrition, osteoporosis, post-fracture care and knowledge translation (KT); patients and 

stakeholders. We used the Behavior Change Wheel (BCW) and the Theoretical Domains 

Framework (TDF)423 to guide the development of the intervention (Figure 1). We adopted a three-
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stage process to design our intervention: understand the behaviour; identify intervention options; 

identify content and implementation options. The APEASE criteria (i.e., Affordability; 

Practicability; Effectiveness and cost-effectiveness; Acceptability; Side-effects/safety; Equity)424 

were used to inform the design and the acceptability and usability evaluation of the intervention. 

 

 

 

 

Figure 16. Behaviour Change Wheel and Theoretical Domains Framework.424 

 

 

Stage 1: Understand the behaviour  

We conducted focus groups and individual interviews with people with osteoporosis374 and 

OVFs,399 which revealed the absence of patient-centred strategies for managing pain and 

improving physical functioning after OVF. Acute or chronic pain, and living with fear of falling, 

re-fracturing, or doing movements that can exacerbate pain, transportation (public transit not 

available, or available at times that do not match exercise schedule) and bad weather are reported 

barriers that interfere with activities of daily living and exercise, and a healthy nutrition in people 

with osteoporosis.202,374,399,425,426 Therefore, the steering committee identified pain management, 
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safe movement, nutrition, and exercise as priorities to be addressed in people with OVFs. 

Accordingly, VIVA was designed to target four behaviours to be performed by individuals with 

OVFs: 1) adopting safe movement techniques during activities of daily living; 2) performing pain 

management strategies daily; 3) exercising at least 3 times per week; and 4) following tips for 

optimal nutrition daily.  

 

Stage 2: Identify intervention options 

To increase capability, we selected education, enablement, and training as intervention functions 

to improve physical skills, knowledge, and behavioural regulation (Table 1). To maximize 

opportunity, we identified enablement, environmental restructuring, and modeling as intervention 

functions to target environmental context and resources, and social influences.  To enhance 

reflective motivation, we chose enablement and persuasion as intervention functions to improve 

beliefs about capabilities and consequences and goal setting abilities (Table 1). We identified 

communication and service provision as the most appropriate policy categories for the delivery of 

VIVA. We designed VIVA to be delivered by a trained physiotherapist over Zoom 

(https://www.zoom.us, San Jose, CA, USA), to minimize transportation barriers and maximize 

retention and adherence. We created one-page information sheets on pain management, safe 

movement strategies, exercise, and tips for an optimal nutrition, and delivered the prototypes to 

two individuals with OVF and three physiotherapists with expertise in OVFs to gather their 

feedback and perspectives as to what we could improve. One-page information sheets, photos and 

videos of exercises, safe movement and pain management techniques, weekly exercise 

prescriptions, and the diary to track the weekly adherence to the program are delivered to the 

participants throughout the intervention in a personal online portal (Physiotec; 

https://physiotec.ca/ca/en/; Saint-Hubert, QC, Canada).  

 

 

 

 

https://www.zoom.us/
https://physiotec.ca/ca/en/
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Table 7. Needs for change, theoretical domains, and intervention functions used in VIVA. 

 

COM-B component 
What needs to happen for the  

behavior to occur? 

Theoretical 

Domains 

Framework 

Intervention 

functions 

Capability 

Physical  

Have skills to perform safe movement 

and pain management strategies and 

exercises. 

Physical skills Training 

Psychological  

Know the correct techniques of 

exercises, safe movement, and pain 

management strategies.  

Know strategies for proper nutrition. 

Knowledge  

Behavioral 

regulation 

(breaking habits 

and action 

planning) 

Education 

Enablement  

Opportunity 

Physical  

Having tools and a dedicated space at 

home to exercise, as well as resources 

with instructions on how to perform the 

behaviors and create an action plan. 

Environmental 

context and 

resources 

 

Enablement  

Environmental 

restructuring 

Social 

Receiving videos of exercises, safe 

movement and pain management 

techniques performed by older adults. 

Receiving demonstration of correct 

execution of exercises and techniques. 

Social influences Modeling 

Motivation Reflective 

Create an action plan and establish a 

weekly routine to practice exercises and 

pain management techniques, as well as 

incorporating safe movement and 

nutritional strategies in the daily life.  

Goals (goal setting 

and action 

planning) 

Intentions 

Beliefs about 

capabilities  

Beliefs about 

consequences  

Enablement 

Persuasion 

 

 

Stage 3: Identify content and implementation options 
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The goal of VIVA is to implement the recommendations for the non-pharmacological management 

of OVFs.422 Two authors (MP, LMG) selected the behaviour change techniques and drafted an 

outline of the intervention, which was finalized after one videoconference and two rounds of 

revisions via email by the team members. The final VIVA prototype was then reviewed for 

feedback on its contents, acceptability, equity, practicability, and safety by two individuals with 

OVF, who provided feedback in a 120-min meeting, and three physiotherapists, who provided 

feedback during three individual 45-to-60 minutes meetings. 

 

5.2.2 Acceptability and Usability evaluation  

We delivered VIVA to eight participants, as five participants are often sufficient to capture up to 

85% of usability issues,427 and we wanted to account for potential attrition. Inclusion criteria were: 

age 50 years or older; pain due to one or more OVFs; access to internet and computer or tablet 

with camera and microphone. Potential participants were excluded if they presented 

contraindications to exercise according to the Get Active Questionnaire428 from the Canadian 

Society for Exercise Physiology (https://csep.ca/2021/01/20/pre-screening-for-physical-activity/), 

or if they assumed oral glucocorticoids in the last 12 months for ≥3 months at a prednisone 

equivalent dose of ≥7.5mg/day.  

 

Acceptability 

We operationalized acceptability as participants’ satisfaction with treatment, which involves a 

comprehensive appraisal of intervention components, mode of delivery and experienced 

benefits.429,430 We performed semi-structured interviews with each participant at the end of the 

intervention and performed thematic431,432 and content433 analyses conducted at the semantic level. 

The qualitative analysis was performed using NVivo version 12 (QSR International Pty Ltd, 

Doncaster, Australia) and involved the following steps: 1) audio-recording and transcription of the 

interviews verbatim; 2) two authors (MP, NT) familiarized with the interviews; 3) MP and NT 

coded the first two transcripts and developed an initial analytical framework; 4) MP and NT coded 

a subsequent two transcripts to form the final analytical framework; 5) MP and NT coded each of 

the remaining transcripts using the final analytical framework; new codes were discussed and 

https://csep.ca/2021/01/20/pre-screening-for-physical-activity/
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incorporated; and 6) interpretation of the data collected. We conceptualized our categories in a 

thematic map, and compared our themes to the data within the codes to explore if a pattern existed. 

We performed a content analysis (Hsieh & Shannon, 2005) to identify the VIVA components that 

were better accepted by the participants and those that may need some revisions before 

implementing VIVA on a larger scale.  

 

 

 

Usability  

We operationalized usability as perceived usefulness, easiness of practice, satisfaction with 1-on1 

sessions, satisfaction with supporting resources. We evaluated the usability of VIVA by mean of 

an online survey (Qualtrics; QualtricsXM, Seattle, US, https://www.qualtrics.com/) consisting of 

four statements, and the participants had to select the category that best represented their 

perception of VIVA using a 5-point Likert scale:  

 

1. The Virtual Intervention for Vertebral Fracture (VIVA) was useful. 

(1=not at all useful, 2= somewhat useful, 3=undecided, 4= useful, and 5=very useful). 

2. The information received were easy to practice during the week 

(1=difficult, 2= somewhat difficult, 3=undecided, 4= easy, and 5=very easy). 

3. I was satisfied with the 1-on-1 sessions 

(1=not at all satisfied, 2=somewhat satisfied, 3=undecided, 4= satisfied, and 5=very satisfied). 

4. I was satisfied with the supporting resources (e.g., one-page information sheets, videos) 

(1=not at all satisfied, 2= somewhat satisfied, 3=undecided, 4= satisfied, and 5=very satisfied). 

This study received ethics approval from the University of Waterloo Research Ethics Board (ORE 

#43705). 

 

5.2.3 Secondary outcomes  

The 5-level version of the EuroQol-5D (EQ-5D-5L)434 was administered to calculate a health state 

utility value based on mobility, ability to self-care, ability to perform usual activities, 

https://www.qualtrics.com/
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pain/discomfort, anxiety/depression.  The EQ-5D-5L Health utilities for the Canadian population 

range from -0.148 for the worst to 0.949 for the best EQ-5D-5L states.435 We administered the 

Exercise Self-Efficacy Questionnaire, a questionnaire informed by the Health Action Process 

Approach436–439 that includes two questions with six and five statements each, respectively. For 

each statement, the participants selected the category that best aligned with how they felt, using a 

5-point categorical scale as follows: 1 = not at all true; 2 = barely true; 3 = unsure; 4 = mostly true; 

5 = exactly true. The Exercise Self-Efficacy Questionnaire has been reported to have very good 

internal consistency (Cronbach’s α = .82)436,440,441. The self-reported questionnaires were 

administered online using Qualtrics (QualtricsXM, Seattle, US, https://www.qualtrics.com/). 

Participants were asked to track their adherence using a calendar in the Physiotec online portal. 

Adherence was defined as the number of days when participants performed the unsupervised home 

program (100% adherence = unsupervised home program performed 28 times). We set the 

criterion for success at 60% of adherence to the daily home program.203  

 

Intervention delivery fidelity  

To enhance the fidelity of the delivery of the intervention,442 we created a study manual outlining 

the principles, the intervention components, the therapeutic goals based on the time after the 

fracture, and the modes of delivery of VIVA that the physiotherapist was asked to follow, and two 

virtual “training meetings” between the physiotherapist and the researcher (MP) were scheduled 

before the beginning of the intervention.  We operationalized fidelity as adherence, differentiation, 

and competence of the physiotherapist.442 Adherence refers to whether the intervention was 

delivered as intended.443 Differentiation concerns the extent to which the physiotherapist delivered 

the intervention according to the therapeutic goals of VIVA, avoiding contamination with 

treatments that are not part of VIVA.442,444,445 Competence relates to the manner in which the 

physiotherapist delivered the intervention;442 examples of competence skills include but are not 

limited to tailoring the intervention on participants’ characteristics,446,447 being flexible and 

adapting the intervention as needed,448 communicating information clearly and with an engaging 

and interactive way,449 and clarifying information and providing constructive feedback.450 We 

aimed to record three sessions per participant and assessed adherence, differentiation and 

competence. We reviewed the SOAP (Subjective, Objective, Assessment, and Plan) notes from 

https://www.qualtrics.com/
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the physiotherapist to assess adherence and differentiation for the sessions that were not recorded. 

Checklists of 13 and 9 items were used to assess fidelity from recordings and SOAP notes, 

respectively. Items that were checked received a score of 1(i.e., done), items not checked were 

assigned a 0 (i.e., not done). Each session received a score based on the percentage of the checked 

items. We reported percentage fidelity based on recordings, percentage fidelity based on SOAP 

notes, and overall percentage fidelity.  

 

Data analysis 

We presented sociodemographic data as mean and standard deviation (SD), or count (n) and 

percentages (%). We reported usability data as count (n) and percentages (%) of participants who 

selected each of the answer options. We reported secondary outcomes as mean with a 95% 

confidence interval (CI). Descriptive statistics have been conducted on SPSS Statistics (version 

28.0.1; IBM Corp., Armonk, NY, USA). 

 

5.3 Results 

5.3.1 Co-development of VIVA 

After consultation with patient advocates and physiotherapists, the steering committee decided that 

VIVA should include seven 1-on-1 virtual sessions delivered by a physiotherapist over five weeks 

as follows: two sessions per week for the first two weeks, and one session per week in the next 

three weeks (Figure 2). After a tech consultation session, participants are asked to complete an 

online survey, which includes: demographic questions, medical history (including but not limited 

to information about the OVF/s, potential other fractures or previous injuries, risk factors for 

fragility fracture, exercise/physical activity habits), a questionnaire to assess the risk for 

malnutrition (SCREEN II questionnaire451), one questionnaire to assess the health status,434 and 

the Exercise Self-Efficacy Questionnaire.436–439  After the completion of the survey, participants 

have a 60-minute virtual intake session with the physiotherapist; the physiotherapist has the 

opportunity to ask further questions about participants’ medical history, administers the Physical 

Activity Screen (PAS),452 performs physical functioning assessments (i.e., 30-second chair-stand 

test453 and balance tests from the SPPB454), reviews the answers to SCREEN II with the participant, 



 

 105 

discusses nutritional goals and strategies, and delivers a one-page information sheet with nutrition 

tips. After the intake, each virtual session lasts 45 minutes and is divided in three parts: education, 

training, behavioural support/goal setting. In the first part of the session, after a meet and greet 

where the physiotherapist asks whether the participant has any questions or concerns, the 

physiotherapist chooses the topic for the session and the following week, provides education, and 

delivers the associated resource (e.g., one-page information sheet, video, etc.) in Physiotec online 

portal. The physiotherapist then demonstrates selected exercises/safe movement/pain management 

strategies according to the topic chosen, and asks the participant to demonstrate it, to ensure they 

can execute it with the proper form. Finally, the physiotherapist and the participant set the goals 

for the week and create a weekly action plan. The physiotherapist asks the participants about 

preferred days and times to practice exercises and pain management strategies and then provides 

the prescription. The physiotherapist will remind the participant to incorporate safe movement 

techniques and nutrition tips into their daily life. Intervention functions, behaviour change 

techniques and the intervention components are reported in Table 2. 

  

Table 8. Intervention functions with corresponding behaviour change techniques and description of the intervention 

components. 

 

COM-B component 
Intervention 

functions 

Behaviour Change 

Techniques 

Intervention description 

Capability 

Physical  

Training Demonstration of the 

behaviour  

Instructions on how to 

perform the behaviour  

Feedback on the 

behaviour 

Behavioural Practice  

Self-monitoring 

Instructions and demonstrations of 

exercises and movement strategies to 

improve muscle strength, increase 

mobility and reduce pain. 

Feedback on form and technique.  

Home unsupervised exercise 

prescription. 

Self-monitoring of the adherence to the 

program. 

Psychological  

Education 

Enablement 

Information about health 

consequences  

Information about social 

and environmental 

consequences 

Feedback on behaviour  

Self-monitoring  

Education on strategies for pain 

management and safe movement, and 

to ensure an adequate nutritional 

intake. 

Creation of a plan to incorporate pain 

management and safe movement 

strategies in the daily life. 

Opportunity Physical  
Enablement  

Environmental 

Goal setting  

Action planning  

Setting goals and creation of a weekly 

plan. 
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restructuring  Restructuring the 

physical environment  

Delivery of resources. 

Home unsupervised exercise 

prescription. 

Creation/re-organization of a safe space 

in the house for performing exercise 

and pain management techniques. 

Social 

Modeling Demonstration of the 

behaviour 

Delivery of videos of exercises, safe 

movement and pain management 

techniques performed by older adults. 

Motivation Reflective 

Enablement 

Persuasion 

 

Information about health 

consequences  

Information about social 

and environmental 

consequences 

Goal setting  

Action planning  

Feedback on outcome 

Credible source 

Education on benefits of pain 

management and safe movement 

strategies, exercise and having an 

adequate nutritional intake. 

Set weekly goals and create a weekly 

plan. 

Use positive language and 

communication during 1-on-1 sessions 

to increase confidence in participants’ 

abilities and the benefits of the 

intervention. 

Delivery of videos of exercises, safe 

movement and pain management 

techniques performed by people with 

OVF. 

 

 

 

Figure 17.VIVA timeline. NOTE. * = delivered by the researcher (MP). 
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5.3.2 Acceptability and Usability evaluation  

Thirteen individuals were screened for eligibility. Three persons declined to participate, and two 

did not meet our inclusion criteria (Table 3). Eight Caucasian women aged 68.71 ± 5.65 years with 

chronic pain after OVF participated into this study. All the participants had their last OVF more 

than three months prior to the beginning of the study. At baseline, five participants selected the 

option “I have moderate pain or discomfort” and three participants selected the option “I have 

severe pain or discomfort” from the EQ-5D-5L questionnaires. Four participants were at risk for 

malnutrition (SCREEN II score <50).  

 

Table 9. Socio-demographic characteristics of the participants. 

 
Marital status (n, %)  

Married n = 5, 87.5%  

Divorced n = 3, 12.5% 

Highest level of education (n, %) 

Graduate school 

University 

College 

High school 

 

n = 1, 12.5% 

n = 1, 12.5% 

n = 4, 50.0% 

n = 2, 25.0% 

Place of residence (n, %) 

Urban 

Suburban  

Rural 

Unknown 

 

n = 4, 50.0% 

n = 2, 25.0% 

n = 1, 12.5% 

n = 1, 12.5% 

Employment status (n, %) 

Retired 

Full-time 

 

n = 7, 87.5% 

n = 1, 12.5% 

Personal income (n, %) 

<20,000$/year 

21,000$-40,000$/year 

41,000$-60,000$/year 

Unknown 

 

n = 2, 25.0% 

n = 3, 37.5% 

n = 1, 12.5% 

n = 2, 25.0% 

Number of vertebral fractures (n, %) 

One fracture 

Two fractures 

Four fractures  

Nine fractures  

Ten fractures 

 

n = 2, 25.0% 

n = 3, 37.5% 

n = 1, 12.5% 

n = 1, 12.5% 

n = 1 , 12.5% 
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Acceptability 

Four main themes emerged from the final interviews with participants: perceived improvements 

in pain; increased self-confidence; satisfaction with 1-on-1 session and resources; and ease of use. 

 

Perceived improvements in pain  

Participants perceive that their pain improved. While they are aware that pain could not completely 

go away in five weeks, they feel that it might in the long term, if they keep practicing what they 

have learnt in the program (“I could be on the road to feeling 100% better at some point if I keep 

doing this, hopefully”). A few people mentioned that they were able to reduce pain or sleep 

medications during VIVA (“I’ve only taken pain medications once since I’ve been in your 

program”).  

 

Increased self-confidence 

After participating in the program, participants feel more confident in their ability to control their 

pain and their life in general (“I was really glad that I was able to have this opportunity, because 

now, I can move forward, I have a better understanding of what's going on and how to”).  

Participants recognize that, during VIVA, they learned things that are easy to incorporate in their 

daily life (“a lot of what you had provided, I was able to transfer into other tasks that I was doing”), 

and that the safe movement techniques that they learned during VIVA made their activities of daily 

living easier and more enjoyable (“I was pulling weeds doing the proper stance that she had 

showed me”).  

 

Perception of 1-on-1 sessions and other resources 

Participants were very satisfied with the 1-on-1 sessions and the possibility to attend them from 

their home, and with the fact that the physiotherapist demonstrated the exercises/safe movement 

techniques, that they would perform and receive feedback. A few participants had previous 

experience with non-pharmacological management of their OVFs, and were not satisfied; 

conversely, they were very happy with the contents of the virtual sessions and of the home exercise 
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prescriptions (“I think all the exercises were very geared to; easy going; help you to build up 

stamina”). Participants were happy to have a chance to receive clear and progressive instructions 

on how to resume normal activities of the daily living (“[physiotherapist] went over like teaching 

me how to rake and how to get onto the floor and get up off the floor and in steps”). Participants 

were satisfied with the one-page information sheets, with their layout and the details of the 

information reported (“the pictures and the instructions were very helpful as to how to do the 

exercises and how many”). Participants were extremely satisfied with the videos, that “were very 

self-explanatory for anyone that isn't familiar”. 

 

Easiness of use 

Overall, participants found VIVA easy to use. Furthermore, the fact that the physiotherapist 

delivered the videos in the Physiotec online portal right after the 1-on-1 session was very 

appreciated by participants, as they would go over them right away while they could still remember 

the explanation of the physiotherapist from the session. The impressions about the personal online 

portal are controversial. Some found “that whole participation web page type thing was very, very 

handy”, while some other people did not like having to log in and out to access their prescription 

and the related resources. However, there was a general tendency towards printing out the material, 

even among the participants who liked the online portal, as it was more convenient to have printed 

copies or taking screenshots with their tablets. Some difficulties when downloading the resources 

was reported by a few participants, and a couple participants asked to have the resources mailed 

to them as they did not have a printer available.  

 

Table 10. Content analysis and considerations for implementation.  

 

Intervention 

component 

Positive 

(n) 

Negative  

(n) 
Lessons learned 

Overall perception 

of the program 

8 Useful but working with 

physiotherapist in-person is better. 

(n=1) 

Virtual delivery is accepted by most 

people; referral to in-person treatments 

may be necessary for some patients. 

Perceptions of the 

1-on-1 sessions 

8 Physiotherapist should communicate 

in advance the equipment needed for 

the session (e.g., yoga mat, ball, etc.). 

(n=1) 

The topic is decided at the beginning of 

1-on-1 sessions, based on participant’s 

feedback, but the physiotherapist might 
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send in advance a list of equipment that 

could be needed in the upcoming session.  

Perceptions of the 

videos 

7 Did not watch them; reading one-

pagers was faster because 

physiotherapist demonstrated 

exercises during 1-on-1 sessions. 

(n=1) 

Most people liked videos and found them 

easy to follow. It is important that the 

other supporting resources are detailed so 

that people that do not watch the videos 

can rely on them. 

Perceptions of the 

one-page 

information sheet 

8 NOTE. Two participants printed 

them out, one took a screenshot with 

the iPad, and two requested to receive 

them via mail at the end of the 

program. 

Accessing the resources was easy, but 

many people preferred to download 

them. Resources and prescription might 

be sent via email to participants at the 

end of each session. A diary to track 

adherence might be mailed to 

participants before the beginning of the 

intervention. Recourses can be mailed to 

those people who do not have a chance 

to print them out at the end of the 

treatment. 

Feedback on 

online portal 

1 Logging in and out to access videos 

and resources or tracking adherence 

was cumbersome. (n=1) 

Easiness of use 6 Problem logging in the first time 

(n=1). Was not able to download 

resources (n=1). 

Easiness to 

understand 

8 Some videos did not show the 

movements on different body planes 

and so were more difficult to 

understand. (n=1)  

The information were easy to 

understand; however, videos should 

show exercises from different views. 

 

Usability 

All the participants believed that VIVA was very useful and were very satisfied with the 1-on-1 

sessions. Three participants (37.5%) found the information received very easy to practice, four 

participants (50.0%) believed they were easy to practice, and one participant (12.5%) found them 

somewhat difficult. Four participants (50.0%) were very satisfied and four (50.0%) were satisfied 

with the supporting resources delivered throughout the program. 

 

5.3.3 Secondary outcomes  

The secondary outcomes are reported in Table 4. Mean changes and confidence intervals show 

potential for benefits in health status and participants’ ability to make concrete plans about how to 

exercise. All the participants completed baseline and post-intervention assessments, and all the 

participants attended seven 1-on-1 sessions. Only two participants tracked adherence to the home 

program: one participant completed all the daily home sessions, one participant completed 27/28 

sessions. Two participants reported the adherence for only two weeks and one week, respectively. 
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Four participants did not report adherence. No adverse events attributable to the intervention 

occurred.  

 

 

 

Table 11. Secondary outcome values at baseline, end of intervention and mean change after the intervention. 

 
 Baseline 

(mean [95%CI]) 

Post-intervention 

(mean [95%CI]) 

Change 

(mean [95%CI]) 

EQ-5D-5L 

Health Status (n = 7) 

Mobility* (n = 7) 

Self-care*  

Usual Activities* 

Pain/Discomfort* 

Anxiety/Depression* 

Health today 

 

0.48 [0.44 to 0.53] 

1.71 [1.06 to 2.37] 

1.25 [0.93 to 1.57] 

2.38 [1.86 to 2.89] 

3.38 [3.02 to 3.73] 

2.13 [1.55 to 2.70] 

66.25 [53.56 to 78.94] 

 

0.52 [0.45 to 0.59] 

1.43 [0.88 to 1.97] 

1.13 [0.88 to 1.37] 

2.38 [2.02 to 2.73] 

2.75 [2.26 to 3.24] 

2.13 [1.35 to 2.90] 

67.63 [57.49 to 77.76] 

 

0.05 [0.02 to 0.09] 

-0.20 [-1.56 to 1.16]  

-0.20 [-0.76 to 0.36] 

0.00 [-0.88 to 0.88] 

 -0.80 [-1.84 to 0.24] 

0.00 [0.00 to 0.00] 

-3.00 [-10.24 to 4.24] 

Exercise self-efficacy questionnaire 

“Do you already have concrete plans 

regarding exercise?” 

Concrete plans about when to exercise 

Concrete plans about how to exercise 

Concrete plans about where to 

exercise 

Concrete plans about how often to 

exercise 

Detailed plan for when something 

interferes with exercise plan 

Intention to perform exercise for ≥30 

minutes on most days of the week 

“How sure are you that you can 

exercise regularly?” 

Can be physically active on a regular 

basis, even if it is difficult. 

Can perform exercise on most days of 

the week. 

 Capable of exercising regularly, even 

if doesn’t see success at once. 

Can resume regular exercise even if 

stops doing it for a while. 

Can keep exercising regularly, even if 

it takes a long time to make it a habit 

 

 

 

4.00 [3.48 to 4.52] 

3.25 [2.93 to 3.57] 

3.88 [3.30 to 4.45] 

3.63 [3.11 to 4.14] 

2.88 [2.19 to 3.56] 

 

4.29 [3.52 to 5.06] 

 

 

 

4.25 [3.76 to 4.74] 

 

4.33 [3.88 to 4.97] 

 

4.57 [4.20 to 4.94] 

 

4.38 [3.86 to 4.89] 

 

4.50 [4.13 to 4.87] 

 

 

 

4.50 [4.13 to 4.87] 

4.50 [4.13 to 4.87] 

4.50 [4.13 to 4.87] 

4.50 [4.13 to 4.87] 

3.25 [2.22 to 4.28] 

 

4.14 [3.40 to 4.88] 

 

 

 

4.13 [3.68 to 4.57] 

 

4.29 [3.76 to 4.81] 

 

4.14 [3.13 to 5.16] 

 

4.13 [3.35 to 4.90] 

 

4.38 [3.86 to 4.89] 

 

 

 

0.20 [-0.36 to 0.76] 

1.20 [0.16 to 2.24] 

0.60 [-0.51 to 1.71] 

0.60 [-0.50 to 1.71] 

0.80 [-1.42 to 3.02] 

 

0.00 [0.00 to 0.00] 

 

 

 

-0.20 [-1.24 to 0.84]  

 

-0.40 [-1.51 to 0.71] 

 

 0.00 [0.00 to 0.00]  

 

0.00 [0.00 to 0.00] 

 

0.00 [0.00 to 0.00] 
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Note. * = Lower score is better. 

 

Intervention delivery fidelity  

Two participants did not provide consent to have their sessions recorded, while 6 sessions could 

not be recorded due to technical problems (e.g., connection issues). Therefore, we assessed 

intervention delivery fidelity from 12 recordings and 44 SOAP notes. The overall fidelity was 

95.54%. The fidelity assessed from recordings and SOAP notes was 95.51% and 95.57%, 

respectively. 

 

5.4 Discussion 

VIVA was acceptable to the participants with OVF, who were very satisfied with the perceived 

benefits in terms of pain, increased self-confidence in their ability to manage pain and perform 

their activities of daily living, and the opportunity to receive the treatment directly from their 

homes. Overall, participants were satisfied with the online portal, although most of them preferred 

to download and print the home program and the resources. However, tracking adherence through 

the online portal was not convenient for most of the participants.  

 Participants were very satisfied with the program and the 1-on-1 sessions, and were 

satisfied with the supporting resources The engagement of potential end users since the research 

design phase may have contributed to the high levels of acceptability and usability. The resources, 

the contents and the timeline of the program reflect the needs of patients and physiotherapists, 

whose input ensured that VIVA was easy to use and as similar as possible to the real-world 

scenario. Our results are in line with those from Katzman et al.,205 who delivered an exercise and 

posture training program via video clip viewing and text messaging reminders to adults with 

hyperkyphosis, and the program was feasible and acceptable to the participants. Acceptability and 

usability of telerehabilitation is usually high among patients with cancer, 455 cardiovascular 

disease,456–458 or rheumatic diseases.459 Considering that people with OVFs face unique issues, 

such as fear of moving, falling or (re)fracturing, poorer metal health, and pain 

catastrophizing,399,460 determining the acceptability and usability of VIVA was a necessary step 

before implementing it on a larger scale.  
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A few participants reported increased confidence in their ability to manage pain and, while 

the nature of our study does not allow to make final inferences from quantitative data, the increase 

in the self-reported measure of planning how to exercise is in line with the perception of 

participants emerged from the qualitative interviews. Participant had high exercise self-efficacy at 

baseline, which is fundamental for the formation of specific action plans, and has also been shown 

to predict the successful adoption and maintenance of healthy behaviours, as well as enhance the 

sustainability of clinical improvements.461,462  Participants had high levels of intention planning at 

baseline and, given the mediating role of action planning and self-efficacy between the intention 

and the adoption and maintenance of healthy behaviours,463 exploring whether action planning and 

self-efficacy mediate the effects of VIVA on the adoption and maintenance of the target behaviours 

would guide researchers and clinicians in designing more effective interventions utilizing the most 

appropriate behaviour change techniques for people with OVFs. 

This study provided valuable insights for the implementation of VIVA. While some 

participants found the online portal very handy and easy to use, others would have preferred to 

receive paper copies of the one-pagers, or to receive them via email and print them out.  Two 

participants did not have access to a printer, therefore mailing resources to participants can be an 

option to consider. Participants would have liked to download videos, without having to open the 

online portal to view them. Adherence tracking was an issue, as participants did not like to have 

to log in to track their adherence. Daily diaries where one-page recording sheets are designed like 

a weekly calendar worked well in a home-exercise program for people with OVF,203 while daily 

text messages to which participants had to reply by text with 1 (if they practiced the program) or 

0 (if they did not) were feasible and acceptable to adults with hyperkyphosis.205 Based on the 

feedback from participants, and hybrid option that combines an online portal and paper-based 

resources, with paper-based daily calendars or text messages prompts to track adherence, may 

warrant further exploration.  

This study presents some limitations. Only women with OVFs expressed interest to 

participate in the study; therefore, we cannot generalize the acceptability and usability of VIVA to 

men with OVFs. Furthermore, even though VIVA is designed for people who are in pain due to 

an OVF, regardless of the time after the fracture, only people with chronic OVFs participated in 

this acceptability study. Therefore, exploring the acceptability of VIVA among people with acute 
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OVF would provide further insights for clinical practice. Qualitative studies and self-reported 

outcomes can present some social desirability bias and, while APEASE criteria informed the 

design and the acceptability and usability evaluation of the intervention, they were not evaluated 

as outcomes, as part of them were beyond the scope of the present project.  

 

Conclusion 

VIVA was acceptable to the participants, who perceived improvements in pain and self-

confidence. Participants believe that VIVA was easy to use and the contents easy to practice, 

although a hybrid model with both online and printed resources might be preferred.  
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Chapter 6 
Overall discussion and conclusion 

Individuals with SCI and OVFs are subgroups of people with osteoporosis that are at high risk of 

fractures and present unique impairments, limitations, and restrictions that require population-

specific and individually tailored assessments and interventions. People with SCI most commonly 

experience fractures at the distal femur and the proximal tibia, and there are no methods to identify 

those people at higher risk. Individuals with OVFs present with physical/functional, psychological, 

and social impairments and there is very limited evidence as to how address such impairments.    

My doctoral research focused on providing clarity about the role of LS BMD in people 

with SCI and on the development, acceptability, and usability testing of a virtual intervention for 

the management of pain after OVF. Covid-19 pandemic did not allow us to design an intervention 

in people with SCI; therefore, considering the similarities of the gaps in fracture risk assessment 

and prediction, as well as the lack of intervention options, we identified a gap in the non-

pharmacological management of OVFs, and conducted a multi-step process that led to the co-

development of a virtual intervention.  

 

6.1 Fracture risk assessment in individuals with spinal cord injury  

 

The Clinical Practice Guidelines for Bone Health and Osteoporosis Management in Individuals 

with Spinal Cord Injury recommend the assessment of hip, distal femur, and proximal tibia region 

BMD, in accordance with the International Society for Clinical Densitometry (ISCD) Position 

Statements regarding routine BMD testing after SCI/D, as soon as medically stable.182 

The findings of the present dissertation validate such recommendations, as the assessment of LS 

BMD in people with SCI may be misleading.  

6.1.1 Pitfalls in lumbar spine densitometry in individuals with SCI 

The findings from the present work confirm that LS BMD should not be considered to estimate 

bone health and fracture risk in individuals with SCI. Facet sclerosis and degenerative changes 

were the most prevalent sources of error in our cohort, and they have been proven to elevate BMD 

compared to patients without such issues.464 Challenging detection of bone edges was the second 

most common issue reported by the raters; however, it is not possible to discern whether that was 
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due to errors in positioning the patient for the scan, in the analysis, or to the poor quality of the 

images. Errors in detecting bone edge can cause spuriously higher or lower BMD: designing the 

edge inside the spine cause a spuriously higher BMD, as the area is smaller and includes tissue 

with high mineral content, while mapping wider vertebral edges leads to a falsely lower BMD, as 

the area would be increased and tissue with lower density would be included in the ROI. We also 

reported several vertebrae with outliers BMD values, but it is not possible to determine the exact 

cause of those increases. When DXA image is not available or is of poor quality, outlier BMD 

values among vertebrae may be indicative of compression fractures or degenerative changes, and 

a radiography may be performed to rule out potential compression fracture.  

This study added some rationale as to why LS BMD should not be considered in fracture risk 

assessment in individuals with SCI. However, despite a good interrater agreement, we could 

observe a larger percentage difference for some items. While the prevalence of potential sources 

of error deemed to have a larger effect on BMD (e.g., surgical hardware, heterotopic ossification) 

was very similar across raters, differences in interpretation may result in incorrect decisions in 

clinical practice (e.g., inappropriate scans included for analysis). It might be relevant to explore 

the impact of every single issue on LS BMD variations, but the limited sample size and the average 

presence of multiple scan per issue would not allow enough statistical accuracy and precision. 

An investigation potential sources of error at the hip, that is reportedly affected by heterotopic 

ossification, narrowing of coxofemoral joint space, and ectopic calcifications,465 would be more 

clinically relevant. Furthermore, most of the fractures in people with spinal cord injury occur at 

the knee region (i.e., distal femur and proximal tibia). Craven et al co-developed a protocol for the 

acquisition of distal femur and proximal tibia by using a custom-made polycarbonate positioning 

device (https://kite-uhn.com/clinical/tools/knee-dxa-protocol), and the current guidelines recommend 

that clinicians use hip, distal femur, and proximal tibia region BMD and prior history of fracture as 

the primary considerations for predicting lower extremity regional fracture risk.182,215 Furthermore, 

when making diagnosis and defining treatment plan, it is recommended that physicians consider 

secondary causes of low BMD unrelated to SCI.182,466 

https://kite-uhn.com/clinical/tools/knee-dxa-protocol


 

 117 

6.1.2 TBS and fracture in the SCI population 

TBS, both alone or combined with LS BMD values, improves the prediction of major osteoporotic 

and hip fractures in the general population compared to BMD alone 159–162, and is a predictor of 

fracture risk, independent of FRAX®174, in able-body individuals. The findings of this dissertation 

do not allow to extend such inferences to individuals with SCI, as measuring TBS at the lumbar 

spine in people with SCI might not be associated with the common fracture sites in people with 

SCI. More than a half of the individuals in our cohort presented a partially degraded bone 

microarchitecture at the spine based on TBS values. We can speculate that, even though TBS does 

not appear to be affected by osteoarthritic changes 242, it is possible that other conditions, such as 

posterior element changes, OVFs or vascular or calcifications, spuriously increase TBS in people 

with SCI similarly to BMD. The fact that we did not find differences in TBS between people with 

motor complete and incomplete injuries is not surprising, as BMD appears to be not affected by 

the level and severity of SCI.467  Moreover, most of the individuals in our cohort were on 

bisphosphonates therapy. There is evidence that lumbar spine BMD continues to improve in the 

first few years after discontinuation of therapy 247 and, while there is not such evidence regarding 

TBS, it is possible that current or past bisphosphonates exposure contributed to increase TBS 

values. The exploration of TBS in individuals with SCI who have not received bisphosphonates 

treatments might allow to provide a more comprehensive picture of TBS values in this population, 

as well as the effects of bisphosphonates therapy on TBS. Measuring TBS at distal femur and 

proximal tibia may allow to estimate bone microarchitecture in the region that is most prone to 

fractures. Lobos et al. 175 attempted to do so; however, they applied an algorithm to calculate TBS 

at the lumbar spine to the distal femur and proximal tibia. TBS algorithm includes specific 

adjustments for abdominal and truncal soft tissue thickness, and thus cannot be applied to region 

with different soft tissue thickness.  

FRAX® can be adjusted for TBS and the adjustment of FRAX® for TBS results in a slightly 

higher gradient of risk 174. We detected good agreement between FRAX® and TBS-adjusted 

FRAX®. However, our findings show that a lower number of participants in our cohort would meet 

the treatment threshold for both major osteoporotic and hip fracture risk after the adjustment of 

FRAX® for TBS. Therefore, TBS may not add value in the estimation of fracture risk in individuals 

with SCI, and including TBS as a factor to define treatment course would result in less people 
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receiving treatment, which would have negative consequences in a population at high fracture risk. 

The 10-year fracture risk for major osteoporotic fractures was higher in individuals with a prior 

fragility fracture compared to those without, when assessed with FRAX® and TBS-adjusted 

FRAX®. While FRAX® and TBS-adjusted FRAX® are not recommended to assess fracture risk 

people with SCI, our findings may provide further validation of the new guidelines that 

recommend prior history of fracture, as well as hip, distal femur, and proximal tibia region BMD, be 

used as the primary factors for predicting lower extremity regional fracture risk. Therefore, while 

spine TBS may identify individuals with degraded bone microarchitecture at the spine in the 

general population, it may not add value in the estimation of fracture risk in people with SCI at 

this time. 

6.1.3 Limitations and future directions 

The limitations of the single studies are presented in the corresponding chapter. Although 

statistical agreement was present, there was a >10% difference in opinions about whether DXA 

scans should be appropriate for analysis, and this may need further exploration under a clinical 

perspective. Furthermore, although observations were very similar for major issues deemed to 

have a larger effect on BMD, large percentages differences were observed for most of the potential 

sources of error. A quality audit may be performed to reduce the observed differences and provide 

insights on whether errors were due to acquisition, analysis, or interpretation of the scan. The goal 

of our dissertation was to determine whether the presence of potential sources of error could be 

determined by looking at the DXA images, as it would happen in clinical practice, where a 

technologist or a physician must determine whether a scan is appropriate for BMD analysis. 

However, lateral radiography of the spine would have allowed to ascertain the presence of issues 

with more certainty, as well as determine whether the prevalence of sources of error was different 

depending on level and severity of injury. The fact that we did not account for the presence of 

potential sources of error when presenting TBS data and its implication on fracture risk assessment 

is another limitation that, however, may represent a subsequent development of the enclosed 

projects. Our cohort included individuals with chronic spinal cord injury. Trabecular bone content 

is reduced by 4% per month in the acute phase;93 therefore exploring TBS values in the acute and 

subacute phase may provide more valuable insights on bone microarchitecture. Finally, most of 
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the fractures occur at distal femur and proximal tibia, but TBS is not validated for the application 

to the knee region. The development of an algorithm to estimate TBS at the two sites where 

fractures most commonly occur in people with SCI (i.e., distal femur and proximal tibia) may 

allow clinicians the ability to assess bone microarchitecture and estimate fracture risk at fracture 

prone sites in the future. An overarching limitation is that there are not calculators to estimate 

fracture risk in the SCI population. Some cross-sectional and prospective data on the prevalence 

and incidence of fracture after a SCI is available, but the development a SCI-specific tool to 

estimate fracture risk, with appropriate treatment thresholds, would be clinically relevant in terms 

of fracture prevention.  

 

6.2 Non-pharmacological interventions for people at risk of osteoporotic fractures 

The research presented in the second part of this dissertation was informed by the Knowledge-To-

Action approach.468 Previous reviews and consensus processes highlighted the need for new 

evidence on the effects of exercise for improving outcomes in people with low bone mass, with 

and without OVFs, and hyperkyphosis. This thesis synthesized evidence on the effects of exercise 

in people with low bone mass and hyperkyphosis, generated consensus recommendations for the 

non-pharmacological management of osteoporotic OVFs, and co-developed a remotely delivered 

education and training intervention for individuals in pain due to OVFs (Fig. 6). 
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Figure 18. The process to co-develop the Virtual Intervention for Vertebral frActure (VIVA) mapped to the Knowledge-To-Action cycle. 

Reproduced with permission and adapted from Graham et al.468
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6.2.1 Knowledge-to-action gap 

Individuals with OVF face unique needs460 and, while pharmacological treatment is recommended 

to prevent fractures in people with osteoporosis,257 there are several knowledge gaps in the non-

pharmacological management of OVFs. The first step is understanding whether the gap pertains 

to knowledge production or knowledge dissemination.469 Systematic reviews on exercise and 

bracing interventions uncovered a gap in knowledge production. For instance, the number of trials 

investigating the effect of exercise164 or spinal orthoses394 in people with OVFs is limited. Pain is 

a debilitating consequence of OVFs, and there is a need for adequately powered RCTs that 

investigate the effects of non-pharmacological strategies to manage pain. Therefore, as an attempt 

to bridge a knowledge gap in the non-pharmacological management of OVFs, we decided to 

perform a Modified Delphi Consensus process.422 Evidence that is solely based on expert opinion 

is classified as weak and ranks at the bottom of evidence-based medicine hierarchy of medical 

knowledge.470 However, when meta-analyses are inconclusive, or findings from RCTs are 

conflicting, consensus must be obtained from experts in the field.471 Moreover, the statements 

submitted to the panelist were informed by guidelines pertaining to the non-pharmacological 

management of low bone mass, back pain and nutrition in older adults, two systematic reviews led 

by our team on the effects of exercise164 and bracing394 in people with OVF, and five clinical trials 

of exercise interventions in people with OVF.285,289,395–397 This creation and synthesis of 

knowledge, which include Chapters 3,4, and other publication I have authored and co-

authored,164,348,394,472–474 highlighted the need for future studies to test the effects of exercise and 

other non-pharmacological interventions in people with OVF. On the other hand, the fact that 

approximately most of physiotherapists, kinesiologists and exercise instructors are not comfortable 

guiding exercise in people at high risk of fractures or would like more guidance260 also indicates a 

gap in knowledge dissemination. Two systematic reviews could not draw definitive conclusion on 

successful strategies to encourage clinicians and policy makers to use systematic reviews in 

decision-making due to the limited number of studies.475,476 Future studies are needed to test 

strategies for the dissemination and uptake of systematic reviews and clinical practice guidelines 

for the management of individuals with low bone mass or OVFs. 
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6.2.2 Assessment of barriers to knowledge use  

Over the past years, our lab has conducted research to assess barriers and explore how to adapt the 

knowledge to the local context. Exploratory secondary analyses and cross-sectional studies that I 

authored and co-authored revealed how pain and fear of falling and refracturing is a commonly 

reported barrier to exercise and physical activity by individuals with OVF.202,399 A systematic 

review of qualitative and quantitative studies in middle-aged and older adults reported 

environmental factors and resources as the most commonly identified barriers.477 This is in line 

with what emerged from our interviews with people with OVF, who reported a lack of knowledge 

on exercise, partly due to difficulties in obtaining resources on how to perform exercise and 

activities of daily living.374 VIVA was the first step to implementing an intervention that aims to 

improve pain in in post-menopausal women and men ≥50 years with acute or chronic pain due to 

an OVF. Older adults report social influences, reinforcement, and assistance in managing change 

as motivators, while goal setting, belief that an activity will be beneficial, and social influences are 

important motivators in middle-aged adults.477 Individual with low bone mass or with OVF desire 

to receive guidance not only on the best types of exercises, but also prescriptive details and 

instructions on how to perform them safely at home.374 This step of the KTA cycle was very 

informative to the design of VIVA, as it uncovered the knowledge-to-action gaps from a 

participant perspective, thus informing the resources (one-page information sheets, pictures, and 

videos) and the modality of delivery (Physiotec online personal portal) to make them easily 

accessible to the participants.  

Similarly, the assessment of the barriers to knowledge use is another step of the KTA that allows 

for an optimal delivery of interventions. A survey among over 100 physiotherapists, kinesiologists 

and exercise instructors that was circulated to inform the upcoming Canadian Clinical Practice 

Guidelines for the Prevention and Management of Osteoporosis reported that 46% of the 

participants were not comfortable guiding exercise in people at high risk of fractures, and 92% 

wanted more guidance on exercise and safe movement techniques in this population.260 We 

therefore decided to perform a qualitative study to gather a deeper and more insightful perspective 

from HCPs, that would help us design a more effective and usable intervention. Most HCPs voiced 

a lack of knowledge among HCPs on how to manage osteoporosis and OVFs, and reported to be 

often afraid of referring patients.400 Furthermore, physiotherapists use a small number of 
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behavioural change techniques in their clinical practice,478 and that might interfere with the 

adoption and maintenance of healthy behaviours. The development of educational programs for 

HCPs working with patients at risk of fractures is imperative. The dissemination of the 

recommendation for the non-pharmacological management of OVFs (Chapter 4) will be a first 

step, while the high levels of acceptability and usability of VIVA prompt the implementation of 

its contents, that would provide more insights on the behaviour change techniques effective in 

individuals with OVF. 

 

6.2.3 Development and implementation of the intervention  

In a previous qualitative exploration, individuals with osteoporosis reported the availability of 

accessible community exercise programs as a facilitator of participation in exercise and physical 

activity.374 We therefore opted for a virtual delivery of VIVA, to ensure the highest levels of 

accessibility and acceptability. However, we decided to deliver VIVA in the form of individual 

sessions, as that would have allowed to address all participants’ needs or health conditions, and 

tailor the exercises and the progression. Our barriers assessment revealed that many people were 

not able to understand posture corrections, good alignment, and describe the execution of the 

exercises.374 At the end of the intervention, participants were highly satisfied with the program and 

the resources provided throughout, which they believed very clear and easy to understand. Home 

exercise programs with intermittent supervision have been widely tested in older adults or 

individuals with osteoporosis.278,479,480 The Otago exercise program showed a reduction in falls 

and improvements in physical functioning in women 80 years or older after resistance training and 

balance exercises.479 Participants received four home visits by the physiotherapist in the first two 

months; afterwards, participants were encouraged to continue the exercise programme, and to 

contact the physiotherapist as needed.479 Papaioannou et al showed improvements in HRQoL after 

a home exercise program with minimal supervision,278 while the B3E trial, a 12-month home-

based intervention informed by motivational interviewing481,482 and the Health Action Process 

Approach,483 showed improvements in functional leg muscle strength in women with OVFs.200  

The co-development of VIVA was informed by the Behaviour Change Wheel (BCW) and the 

Theoretical Domain Framework (TDF), as we anticipated that targeting capability, opportunity, 
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and motivation would be the most effective way to address most of the physical and mental barriers 

faced by individuals with OVF. Furthermore, in light of a future implementation on a larger scale, 

framing the behaviour change techniques used in VIVA according to BCW and TDF will help to 

ensure a high intervention delivery fidelity, as the physiotherapist will have a detailed and 

comprehensive framework to follow when tailoring the prescription of the intervention. The choice 

of secondary behavioural outcomes was informed by the Health Action Process Approach,483 as 

action planning and goal setting are behaviour change techniques utilized in the delivery of VIVA, 

and we believed it will be of value to evaluate whether VIVA improves self-efficacy and planning 

abilities. Katzman et al205 delivered an exercise and posture training to people with hyperkyphosis 

via videoclips and text messages to promote adherence, and the intervention was acceptable to the 

participants. However, considering the risk of subsequent fractures in people with OVF, pain and 

fear, we believed that telerehabilitation, with a physiotherapist working individually with the 

participants twice and then once a week, combined with and unsupervised daily program would 

be the most effective way to ensure a proper form of exercises, as well as providing feedback and 

making participants feel confident. However, even though telerehabilitation is acceptable to 

various conditions, including persons with rheumatic diseases,459 considering the unique issues 

faced by people with OVFs and according to the recommendations of the Medical Research 

Council,418 we decided to performed a smaller-scale study to determine the acceptability and 

usability of VIVA before implementing it on a larger scale. VIVA will be presented as a toolkit 

with photos, videos, and print/pdf resources for patients on pain management, nutrition, safe 

movement strategies and exercise, and behavioural support for goal setting and action planning, 

that can be used in a virtual or hybrid setting. The next steps in the implementation of VIVA should 

target two different categories of end-users: patients and physiotherapists. In term of study design, 

a pilot feasibility RCT with recruitment at ≥2 sites would be the logic next step, and delivering 

VIVA to the Quebec population in French language would provide valuable insights towards a 

future Canada-wide implementation. If VIVA will be feasible, a pragmatic RCT (according to the 

PRagmatic Explanatory Continuum Indicator Summary (PRECIS)-2) should test the effectiveness 

of the Canadian-wide implementation (according to the RE-AIM, Reach, Effectiveness, Adoption, 

Implementation and Maintenance, framework)484 of VIVA at improving pain. VIVA high values 

of acceptability and usability, along with self-reported improvement in pain perception and self-
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confidence, showed promising results in terms of adoption of the behaviour. In addition, a follow-

up after a few weeks of self-practice of the newly adopted behaviour will allow to assess the 

maintenance of the behaviour. Finally, VIVA should be disseminated to physiotherapists working 

with individuals with OVFs through a multi-step process. First, the VIVA toolkit should be 

delivered to a local sample of physiotherapists to obtain their feedback in terms of acceptability 

and usability. Afterwards, an evaluation of the implementation of VIVA should be performed 

among physiotherapists working in ≥2 provinces, including Quebec, and then extended to 

physiotherapists working in multiple provinces Canada-wide. The content of VIVA should be also 

disseminated through continuing education workshops and webinars for physiotherapists and 

exercise professionals. 

6.2.4 Limitations and future directions 

Several limitations must be acknowledged when it comes to interventions to improve outcomes in 

people with low bone mass, hyperkyphosis, or OVF. First and foremost, men are very rarely 

recruited in intervention studies. It is true that osteoporosis and fragility fractures are most common 

in women, yet they still occur in men, and there is not conclusive evidence on the efficacy of 

exercise and other non-pharmacological interventions in men with osteoporosis. Future studies 

performed in men are required to extend the recommendations for the non-pharmacological 

management of osteoporosis and fragility fractures to male individuals. Researchers are 

encouraged to partner with fracture liaison services and patient research liaisons to the increase 

the number of men recruited in research studies.  

Most of the studies in people with hyperkyphosis and OVF recruited at least 50% people 

with hyperkyphosis and OVF but did not have the presence of hyperkyphosis or OVF as inclusion 

criteria. The presence of individuals with low bone mass and without hyperkyphosis or OVF may 

reduce the confidence in the outcomes of such studies. However, the improvement in physical 

functioning, HRQoL, and pain provide evidence on the importance of back extensor strengthening 

for people at risk of fracture. Researchers should keep in mind that exercise tolerance may be 

different in people with hyperkyphosis or symptomatic OVFs compared to those without, and 

recruiting participants with no hyperkyphosis or no symptomatic OVFs may result in a ceiling 

effect, in that it would be difficult to improve postural or pain outcomes in people who do not 
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present such symptoms. Therefore, future studies aiming to address posture outcomes or 

consequences of OVFs should target only individuals with hyperkyphosis and OVF, respectively.  

Interventions built on behaviour change theories are more effective than those who are 

not.419,420 However, the majority of the studies included in the systematic reviews that I authored 

and co-authored were not based on theory. Without specific target behaviours and behaviour 

change techniques it is difficult to elicit the adoption and the maintenance of healthy behaviours, 

and the absence of a clear and defined behavioural framework challenges the implementation of 

the interventions. Future trials in older adults with low bone mass OVF should be based on theory, 

with a transparent and detailed description of all the stages of the development, to ensure that the 

intervention is implemented as intended, as well as the identification of the components that may 

be responsible for less positive outcomes than expected, or that were not acceptable to the 

participants.  

Moreover, adverse events reporting is a concerning limitation common to exercise studies 

in several populations. Most of the studies in the systematic reviews that I authored and co-

authored did not report on adverse events. Therefore, it is impossible to drive definitive 

conclusions on the safety of exercise in people with low bone mass. Only a few reported some 

minor adverse events, and future investigations are call assess and determine the safety of exercise 

and other interventions in this population. Finally, rigorous methods for a comprehensive 

assessment and reporting of adverse events in exercise trials should be developed.  

 

6.3 Conclusion 

The present dissertation focused on individuals with SCI and OVFs, two subgroups of people with 

osteoporosis that are at high risk of fractures, and present unique impairments, limitations, and 

restrictions that require population-specific and individually tailored assessments and 

interventions. The findings of the present work confirm current recommendations that suggest 

fracture risk in people with SCI be based on hip, distal femur, and femoral neck BMD and on an 

analysis of non-BMD risk factors. The high number of issues across LS DXA scans advocates for 

a review of the images, and not only of BMD values, when examining densitometry scans. TBS 

can predict fractures in several population, but it cannot be recommended as a tool to predict 
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fractures in people with SCI. The research reported in the present dissertation did not allow to 

understand whether TBS values are spuriously elevated by potential sources of errors, and fracture 

risk assessment cannot be based on TBS at the present time. 

Findings from our systematic reviews showed that progressive resistance training can improve 

outcomes important to individuals living with osteoporosis, such as pain, physical functioning, and 

quality of life. However, our systematic reviews highlighted important knowledge gaps, such as 

the lack of compelling evidence on the effects of exercise in men with osteoporosis, and the 

absence of non-pharmacological options for the management of OVFs. Therefore, we generated 

consensus recommendations for the non-pharmacological management of OVFs, by adopting a 

Modified Delphi consensus process with participation bt over 30 healthcare professionals in Asia, 

Europe North America, and Oceania. Finally, we co-developed a virtually delivered education and 

training program for people with OVFs (VIVA) to implement such recommendations. VIVA was 

usable and acceptable to the patients, and the self-reported improvement in the perceived pain, as 

well as the increase self-confidence, are positive outcomes looking at the future implementation 

on a larger scale. Finally, a broad dissemination of the recommendations, and the creation of 

seminars and workshops for clinicians, would bridge some of the existing knowledge-to-practice 

gaps.  

 

 

 

 

 
 

 



128 

Bibliography 

  

1. Center JR, Bliuc D, Nguyen TV, Eisman JA. Risk of Subsequent Fracture After Low-

Trauma Fracture in Men and Women. JAMA. 2007;297(4):387-394. 

doi:10.1001/jama.297.4.387 

2. Haentjens P, Magaziner J, Colón-Emeric CS, et al. Meta-analysis: excess mortality after hip 

fracture among older women and men. Ann Intern Med. 2010;152(6):380-390. 

doi:10.7326/0003-4819-152-6-201003160-00008 

3. Cauley JA, Thompson DE, Ensrud KC, Scott JC, Black D. Risk of mortality following 

clinical fractures. Osteoporos Int J Establ Result Coop Eur Found Osteoporos Natl 

Osteoporos Found USA. 2000;11(7):556-561. doi:10.1007/s001980070075 

4. Johnell O, Kanis JA, Odén A, et al. Mortality after osteoporotic fractures. Osteoporos Int. 

2004;15(1):38-42. doi:10.1007/s00198-003-1490-4 

5. The prevention of falls in later life. A report of the Kellogg International Work Group on the 

Prevention of Falls by the Elderly. Dan Med Bull. 1987;34 Suppl 4(Journal Article):1-24. 

6. Rubenstein LZ. Falls in older people: epidemiology, risk factors and strategies for 

prevention. Age Ageing. 2006;35 Suppl 2:ii37-ii41. doi:10.1093/ageing/afl084 

7. Kanis J, Oden A, Johnell O, et al. The use of clinical risk factors enhances the performance 

of BMD in the prediction of hip and osteoporotic fractures in men and women. Osteoporos 

Int. 2007;18(8):1033-1046. doi:10.1007/s00198-007-0343-y 

8. Forman DE, Fleg JL. Aging. In: Ehrman JK, Gordon PM, Visich PS, Keteyian SJ, eds. 

Clinical Exercise Physiology. Human Kinetics; 2013:589-604. 

9. Fact Book Fiscal Year 2010. Natl Inst Health Natl Heart Lung Blood Inst. 2011;(Journal 

Article):47. 

10. Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evidence for a phenotype. J 

Gerontol Biol Sci Med Sci. 2001;56(3):146. doi:10.1093/gerona/56.3.m146 

11. Fried LP, Hadley EC, Walston JD, et al. From bedside to bench: research agenda for frailty. 

Sci Aging Knowl Environ SAGE KE. 2005;2005(31):pe24. 

12. Rockwood K, Song X, MacKnight C, et al. A global clinical measure of fitness and frailty in 

elderly people. CMAJ Can Med Assoc J J Assoc Medicale Can. 2005;173(5):489-495. 

13. Morley JE, Malmstrom TK, Miller DK. A simple frailty questionnaire (FRAIL) predicts 

outcomes in middle aged African Americans. J Nutr Health Aging. 2012;16(7):601-608. 

doi:10.1007/s12603-012-0084-2 



 

 129 

14. Rolfson DB, Majumdar SR, Tsuyuki RT, Tahir A, Rockwood K. Validity and reliability of 

the Edmonton Frail Scale. Age Ageing. 2006;35(5):526-529. doi:10.1093/ageing/afl041 

15. Delmonico MJ, Harris TB, Lee JS, et al. Alternative definitions of sarcopenia, lower 

extremity performance, and functional impairment with aging in older men and women. J 

Am Geriatr Soc. 2007;55(5):769-774. doi:10.1111/j.1532-5415.2007.01140.x 

16. Goodpaster BH, Park SW, Harris TB, et al. The loss of skeletal muscle strength, mass, and 

quality in older adults: the health, aging and body composition study. J Gerontol A Biol Sci 

Med Sci. 2006;61(10):1059-1064. doi:10.1093/gerona/61.10.1059 

17. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, et al. Sarcopenia: European consensus on definition 

and diagnosis: Report of the European Working Group on Sarcopenia in Older People. Age 

Ageing. 2010;39(4):412-423. doi:10.1093/ageing/afq034 

18. Lexell J, Taylor CC, Sjöström M. What is the cause of the ageing atrophy? Total number, 

size and proportion of different fiber types studied in whole vastus lateralis muscle from 15- 

to 83-year-old men. J Neurol Sci. 1988;84(2-3):275-294. doi:10.1016/0022-510x(88)90132-

3 

19. Levis S, Altman R. Bone densitometry: clinical considerations. Arthritis Rheum. 

1998;41(4):577-587. doi:10.1002/1529-0131(199804)41:4<577::AID-ART4>3.0.CO;2-7 

20. Riggs BL, Melton LJ. The Prevention and Treatment of Osteoporosis. N Engl J Med. 

1992;327(9):620-627. doi:10.1056/NEJM199208273270908 

21. NIH Consensus Development Panel on Osteoporosis Prevention D and Therapy. 

Osteoporosis prevention, diagnosis, and therapy. Jama. 2001;285(6):785-795. 

22. Office of the Surgeon General (US). Bone Health and Osteoporosis: A Report of the Surgeon 

General. Office of the Surgeon General (US); 2004. Accessed May 9, 2022. 

http://www.ncbi.nlm.nih.gov/books/NBK45513/ 

23. Kerr C, Bottomley C, Shingler S, et al. The importance of physical function to people with 

osteoporosis. Osteoporos Int J Establ Result Coop Eur Found Osteoporos Natl Osteoporos 

Found USA. 2017;28(5):1597-1607. doi:10.1007/s00198-017-3911-9 

24. Nevitt MC. The Association of Radiographically Detected Vertebral Fractures with Back 

Pain and Function: A Prospective Study. Ann Intern Med. 1998;128(10):793. 

doi:10.7326/0003-4819-128-10-199805150-00001 

25. Ettinger B, Black DM, Nevitt MC, et al. Contribution of vertebral deformities to chronic 

back pain and disability. J Bone Miner Res. 2009;7(4):449-456. 

doi:10.1002/jbmr.5650070413 



 

 130 

26. Griffith JF. Identifying osteoporotic vertebral fracture. Quant Imaging Med Surg. 

2015;5(4):592-602. doi:10.3978/j.issn.2223-4292.2015.08.01 

27. Fink HA, Ensrud KE, Nelson DB, et al. Disability after clinical fracture in postmenopausal 

women with low bone density: the fracture intervention trial (FIT). Osteoporos Int. 

2003;14(1):69-76. doi:10.1007/s00198-002-1314-y 

28. Cooper C, Atkinson EJ, Jacobsen SJ, O’Fallon WM, Melton LJ III. Population-Based Study 

of Survival after Osteoporotic Fractures. Am J Epidemiol. 1993;137(9):1001-1005. 

doi:10.1093/oxfordjournals.aje.a116756 

29. Lindsay R. Risk of New Vertebral Fracture in the Year Following a Fracture. JAMA. 

2001;285(3):320. doi:10.1001/jama.285.3.320 

30. Ross PD. Clinical consequences of vertebral fractures. Am J Med. 1997;103(2):S30-S43. 

doi:10.1016/S0002-9343(97)90025-5 

31. Milne JS, Lauder IJ. The relationship of kyphosis to the shape of vertebral bodies. Ann Hum 

Biol. 1976;3(2):173-179. doi:10.1080/03014467600001281 

32. Goh S, Price RI, Leedman PJ, Singer KP. The relative influence of vertebral body and 

intervertebral disc shape on thoracic kyphosis. Clin Biomech Bristol Avon. 1999;14(7):439-

448. 

33. Ensrud KE, Black DM, Harris F, Ettinger B, Cummings SR. Correlates of kyphosis in older 

women. The Fracture Intervention Trial Research Group. J Am Geriatr Soc. 1997;45(6):682-

687. doi:10.1111/j.1532-5415.1997.tb01470.x 

34. Papaioannou A, Watts NB, Kendler DL, Yuen CK, Adachi JD, Ferko N. Diagnosis and 

management of vertebral fractures in elderly adults. Am J Med. 2002;113(3):220-228. 

35. Papaioannou A, Parkinson W, Ferko N, et al. Prevalence of vertebral fractures among 

patients with chronic obstructive pulmonary disease in Canada. Osteoporos Int J Establ 

Result Coop Eur Found Osteoporos Natl Osteoporos Found USA. 2003;14(11):913-917. 

doi:10.1007/s00198-003-1449-5 

36. Jackson SA, Tenenhouse A, Robertson L. Vertebral fracture definition from population-

based data: preliminary results from the Canadian Multicenter Osteoporosis Study (CaMos). 

Osteoporos Int J Establ Result Coop Eur Found Osteoporos Natl Osteoporos Found USA. 

2000;11(8):680-687. doi:10.1007/s001980070066 

37. Siris ES, Chen YT, Abbott TA, et al. Bone mineral density thresholds for pharmacological 

intervention to prevent fractures. Arch Intern Med. 2004;164(10):1108-1112. 

doi:10.1001/archinte.164.10.1108 



 

 131 

38. Kiel D. Assessing vertebral fractures. National Osteoporosis Foundation Working Group on 

Vertebral Fractures. J Bone Miner Res Off J Am Soc Bone Miner Res. 1995;10(4):518-523. 

doi:10.1002/jbmr.5650100403 

39. Expert Panels on Neurological Imaging IR and Musculoskeletal Imaging:, Shah LM, 

Jennings JW, et al. ACR Appropriateness Criteria(®) Management of Vertebral 

Compression Fractures. J Am Coll Radiol JACR. 2018;15(11S):S347-S364. 

40. Bonnick SL. New Applications for DXA. In: Bonnick SL, ed. Bone Densitometry in Clinical 

Practice. 3rd ed. Humana Press; 2010:297-355. 

41. Blake GM, Parker JC, Buxton FM, Fogelman I. Dual X-ray absorptiometry: a comparison 

between fan beam and pencil beam scans. Br J Radiol. 1993;66(790):902-906. 

doi:10.1259/0007-1285-66-790-902 

42. Melton LJ 3rd, Kan SH, Frye MA, Wahner HW, O’Fallon WM, Riggs BL. Epidemiology of 

vertebral fractures in women. Am J Epidemiol. 1989;129(5):1000-1011. 

doi:10.1093/oxfordjournals.aje.a115204 

43. Smith-Bindman R, Cummings SR, Steiger P, Genant HK. A comparison of morphometric 

definitions of vertebral fracture. J Bone Miner Res Off J Am Soc Bone Miner Res. 

1991;6(1):25-34. doi:10.1002/jbmr.5650060106 

44. Eastell R, Cedel SL, Wahner HW, Riggs BL, Melton LJ 3rd. Classification of vertebral 

fractures. J Bone Miner Res Off J Am Soc Bone Miner Res. 1991;6(3):207-215. 

doi:10.1002/jbmr.5650060302 

45. Ross PD, Davis JW, Epstein RS, Wasnich RD. Ability of vertebral dimensions from a single 

radiograph to identify fractures. Calcif Tissue Int. 1992;51(2):95-99. 

doi:10.1007/BF00298495 

46. Black DM, Palermo L, Nevitt MC, Genant HK, Christensen L, Cummings SR. Defining 

incident vertebral deformity: a prospective comparison of several approaches. The Study of 

Osteoporotic Fractures Research Group. J Bone Miner Res Off J Am Soc Bone Miner Res. 

1999;14(1):90-101. doi:10.1359/jbmr.1999.14.1.90 

47. Genant HK, Wu CY, van Kuijk C, Nevitt MC. Vertebral fracture assessment using a 

semiquantitative technique. J Bone Miner Res Off J Am Soc Bone Miner Res. 

1993;8(9):1137-1148. doi:10.1002/jbmr.5650080915 

48. Jiang G, Eastell R, Barrington N, Ferrar L. Comparison of methods for the visual 

identification of prevalent vertebral fracture in osteoporosis. Osteoporos Int Metab Bone Dis. 

2004;15(11):887-896. doi:10.1007/s00198-004-1626-1 

49. Fon GT, Pitt MJ, Thies AC Jr. Thoracic kyphosis: range in normal subjects. AJRAmerican J 

Roentgenol. 1980;134(5):979-983. doi:10.2214/ajr.134.5.979 



 

 132 

50. Kado DM, Huang MH, Karlamangla AS, Barrett-Connor E, Greendale GA. Hyperkyphotic 

posture predicts mortality in older community-dwelling men and women: a prospective 

study. J Am Geriatr Soc. 2004;52(10):1662-1667. 

51. Takahashi T, Ishida K, Hirose D, et al. Trunk deformity is associated with a reduction in 

outdoor activities of daily living and life satisfaction in community-dwelling older people. 

Osteoporos Int J Establ Result Coop Eur Found Osteoporos Natl Osteoporos Found USA. 

2005;16(3):273-279. doi:10.1007/s00198-004-1669-3 

52. Balzini L, Vannucchi L, Benvenuti F, et al. Clinical characteristics of flexed posture in 

elderly women. J Am Geriatr Soc. 2003;51(10):1419-1426. 

53. Ettinger B, Black DM, Palermo L, Nevitt MC, Melnikoff S, Cummings SR. Kyphosis in 

older women and its relation to back pain, disability and osteopenia: the study of 

osteoporotic fractures. Osteoporos Int J Establ Result Coop Eur Found Osteoporos Natl 

Osteoporos Found USA. 1994;4(1):55-60. doi:10.1007/BF02352262 

54. Huang MH, Barrett-Connor E, Greendale GA, Kado DM. Hyperkyphotic posture and risk of 

future osteoporotic fractures: the Rancho Bernardo study. J Bone Miner Res Off J Am Soc 

Bone Miner Res. 2006;21(3):419-423. doi:10.1359/JBMR.051201 

55. Culham EG, Jimenez HAI, King CE. Thoracic Kyphosis, Rib Mobility, and Lung Volumes 

in Normal Women and Women With Osteoporosis: Spine. 1994;19(11):1250-1255. 

doi:10.1097/00007632-199405310-00010 

56. Ordu Gokkaya NK, Koseoglu F, Albayrak N. Reduced aerobic capacity in patients with 

severe osteoporosis: a cross sectional study. Eur J Phys Rehabil Med. 2008;44(2):141-147. 

57. Di Bari M, Chiarlone M, Matteuzzi D, et al. Thoracic kyphosis and ventilatory dysfunction 

in unselected older persons: an epidemiological study in Dicomano, Italy. J Am Geriatr Soc. 

2004;52(6):909-915. doi:10.1111/j.1532-5415.2004.52257.x 

58. Schlaich C, Minne HW, Bruckner T, et al. Reduced Pulmonary Function in Patients with 

Spinal Osteoporotic Fractures. Osteoporos Int. 1998;8(3):261-267. 

doi:10.1007/s001980050063 

59. Lombardi I, Oliveira LM, Mayer AF, Jardim JR, Natour J. Evaluation of pulmonary function 

and quality of life in women with osteoporosis. Osteoporos Int. 2005;16(10):1247-1253. 

doi:10.1007/s00198-005-1834-3 

60. Martin AR, Sornay-Rendu E, Chandler JM, Duboeuf F, Girman CJ, Delmas PD. The impact 

of osteoporosis on quality-of-life: the OFELY cohort. Bone. 2002;31(1):32-36. 

61. Kado DM, Browner WS, Palermo L, Nevitt MC, Genant HK, Cummings SR. Vertebral 

fractures and mortality in older women: a prospective study. Study of Osteoporotic Fractures 



 

 133 

Research Group. Arch Intern Med. 1999;159(11):1215-1220. 

doi:10.1001/archinte.159.11.1215 

62. Kado DM, Duong T, Stone KL, et al. Incident vertebral fractures and mortality in older 

women: a prospective study. Osteoporos Int J Establ Result Coop Eur Found Osteoporos 

Natl Osteoporos Found USA. 2003;14(7):589-594. doi:10.1007/s00198-003-1412-5 

63. Bolin I, Bodin P, Kreuter M. Sitting position - posture and performance in C5 - C6 

tetraplegia. Spinal Cord. 2000;38(7):425-434. doi:10.1038/sj.sc.3101031 

64. Yang YS, Chang GL, Hsu MJ, Chang JJ. Remote monitoring of sitting behaviors for 

community-dwelling manual wheelchair users with spinal cord injury. Spinal Cord. 

2009;47(1):67-71. doi:10.1038/sc.2008.72 

65. Hobson DA, Tooms RE. Seated lumbar/pelvic alignment. A comparison between spinal 

cord-injured and noninjured groups. Spine. 1992;17(3):293-298. 

66. Amsters D, Nitz J. The consequences of increasing age and duration of injury upon the 

wheelchair posture of men with tetraplegia. Int J Rehabil Res Z Rehabil Int Rech 

Readaptation. 2006;29(4):347-349. 

67. Cobb J. Outline for the study of scoliosis. Am Acad Orthop Surg Instr Course Lect. 

1948;(Journal Article):261-275. 

68. Lundon KM, Li AM, Bibershtein S. Interrater and intrarater reliability in the measurement of 

kyphosis in postmenopausal women with osteoporosis. Spine. 1998;23(18):1978-1985. 

doi:10.1097/00007632-199809150-00013 

69. Koelé MC, Lems WF, Willems HC. The Clinical Relevance of Hyperkyphosis: A Narrative 

Review. Front Endocrinol. 2020;11(Journal Article):5. doi:10.3389/fendo.2020.00005 

70. Carman DL, Browne RH, Birch JG. Measurement of scoliosis and kyphosis radiographs. 

Intraobserver and interobserver variation. J Bone Joint Surg Am. 1990;72(3):328-333. 

71. Morrissy RT, Goldsmith GS, Hall EC, Kehl D, Cowie GH. Measurement of the Cobb angle 

on radiographs of patients who have scoliosis. Evaluation of intrinsic error. J Bone Joint 

Surg Am. 1990;72(3):320-327. 

72. Langensiepen S, Semler O, Sobottke R, et al. Measuring procedures to determine the Cobb 

angle in idiopathic scoliosis: a systematic review. Eur Spine J Off Publ Eur Spine Soc Eur 

Spinal Deform Soc Eur Sect Cerv Spine Res Soc. 2013;22(11):2360-2371. 

doi:10.1007/s00586-013-2693-9 

73. Greendale GA, Nili NS, Huang MH, Seeger L, Karlamangla AS. The reliability and validity 

of three non-radiological measures of thoracic kyphosis and their relations to the standing 



 

 134 

radiological Cobb angle. Osteoporos Int J Establ Result Coop Eur Found Osteoporos Natl 

Osteoporos Found USA. 2011;22(6):1897-1905. doi:10.1007/s00198-010-1422-z 

74. Tran TH, Wing D, Davis A, et al. Correlations among four measures of thoracic kyphosis in 

older adults. Osteoporos Int J Establ Result Coop Eur Found Osteoporos Natl Osteoporos 

Found USA. 2016;27(3):1255-1259. doi:10.1007/s00198-015-3368-7 

75. Barrett E, Lenehan B, O’sullivan K, Lewis J, McCreesh K. Validation of the manual 

inclinometer and flexicurve for the measurement of thoracic kyphosis. Physiother Theory 

Pract. 2018;34(4):301-308. doi:10.1080/09593985.2017.1394411 

76. Lewis JS, Valentine RE. Clinical measurement of the thoracic kyphosis. A study of the intra-

rater reliability in subjects with and without shoulder pain. BMC Musculoskelet Disord. 

2010;11(Journal Article):39-39. doi:10.1186/1471-2474-11-39 

77. van Blommestein AS, Lewis JS, Morrissey MC, MaCrae S. Reliability of measuring thoracic 

kyphosis angle, lumbar lordosis angle and straight leg raise with an inclinometer. Open 

Spine J. 2012;4(1):10-15. 

78. Czaprowski D, Pawłowska P, Gębicka A, Sitarski D, Kotwicki T. Intra- and interobserver 

repeatability of the assessment of anteroposterior curvatures of the spine using Saunders 

digital inclinometer. Ortop Traumatol Rehabil. 2012;14(2):145-153. 

doi:10.5604/15093492.992283 

79. Wongsa S, Amatachaya P, Saengsuwan J. Concurrent Validity of Occiput-Wall Distance to 

Measure Kyphosis in Communities. J Clin Trials. 2012;2(2):10-12. 

80. van der Jagt-Willems HC, de Groot MH, van Campen J PCM, Lamoth CJC, Lems WF. 

Associations between vertebral fractures, increased thoracic kyphosis, a flexed posture and 

falls in older adults: a prospective cohort study. BMC Geriatr. 2015;15(1):34. 

doi:10.1186/s12877-015-0018-z 

81. Katzman WB, Harrison SL, Fink HA, et al. Physical Function in Older Men With 

Hyperkyphosis. J Gerontol A Biol Sci Med Sci. 2015;70(5):635-640. 

doi:10.1093/gerona/glu213 

82. Mannion AF, Knecht K, Balaban G, Dvorak J, Grob D. A new skin-surface device for 

measuring the curvature and global and segmental ranges of motion of the spine: reliability 

of measurements and comparison with data reviewed from the literature. Eur Spine J Off 

Publ Eur Spine Soc Eur Spinal Deform Soc Eur Sect Cerv Spine Res Soc. 2004;13(2):122-

136. 

83. Kellis E, Adamou G, Tzilios G, Emmanouilidou M. Reliability of spinal range of motion in 

healthy boys using a skin-surface device. J Manipulative Physiol Ther. 2008;31(8):570-576. 

doi:10.1016/j.jmpt.2008.09.001 



 

 135 

84. Ripani M, Di Cesare A, Giombini A, Agnello L, Fagnani F, Pigozzi F. Spinal curvature: 

comparison of frontal measurements with the Spinal Mouse and radiographic assessment. J 

Sports Med Phys Fitness. 2008;48(4):488-494. 

85. Gravina AR, Ferraro C, Frizziero A, Ferraro M, Masiero S. Goniometer evaluation of 

thoracic kyphosis and lumbar lordosis in subjects during growth age: a validity study. Stud 

Health Technol Inform. 2012;176(Journal Article):247-251. 

86. Leroux MA, Zabjek K, Simard G, Badeaux J, Coillard C, Rivard CH. A noninvasive 

anthropometric technique for measuring kyphosis and lordosis: an application for idiopathic 

scoliosis. Spine. 2000;25(13):1689-1694. doi:10.1097/00007632-200007010-00012 

87. Noonan VK, Fingas M, Farry A, et al. Incidence and prevalence of spinal cord injury in 

Canada: a national perspective. Neuroepidemiology. 2012;38(4):219-226. 

doi:10.1159/000336014 

88. Rupp R, Biering-Sørensen F, Burns SP, et al. International Standards for Neurological 

Classification of Spinal Cord Injury: Revised 2019. Top Spinal Cord Inj Rehabil. 

2021;27(2):1-22. doi:10.46292/sci2702-1 

89. Pelletier CA, Hicks AL. Muscle characteristics and fatigue properties after spinal cord injury. 

Crit Rev Biomed Eng. 2009;37(1-2):139-164. doi:10.1615/critrevbiomedeng.v37.i1-2.40 

90. Castro MJ, Apple DF Jr, Staron RS, Campos GE, Dudley GA. Influence of complete spinal 

cord injury on skeletal muscle within 6 mo of injury. J Appl Physiol Bethesda Md 1985. 

1999;86(1):350-358. doi:10.1152/jappl.1999.86.1.350 

91. Stewart BG, Tarnopolsky MA, Hicks AL, et al. Treadmill training-induced adaptations in 

muscle phenotype in persons with incomplete spinal cord injury. Muscle Nerve. 

2004;30(1):61-68. doi:10.1002/mus.20048 

92. Round JM, Barr FM, Moffat B, Jones DA. Fibre areas and histochemical fibre types in the 

quadriceps muscle of paraplegic subjects. J Neurol Sci. 1993;116(2):207-211. 

93. Dauty M, Perrouin Verbe B, Maugars Y, Dubois C, Mathe JF. Supralesional and sublesional 

bone mineral density in spinal cord-injured patients. Bone. 2000;27(2):305-309. 

94. de Bruin ED, Vanwanseele B, Dambacher MA, Dietz V, Stüssi E. Long-term changes in the 

tibia and radius bone mineral density following spinal cord injury. Spinal Cord. 

2005;43(2):96-101. 

95. Frotzler A, Berger M, Knecht H, Eser P. Bone steady-state is established at reduced bone 

strength after spinal cord injury: a longitudinal study using peripheral quantitative computed 

tomography (pQCT). Bone. 2008;43(3):549-555. doi:10.1016/j.bone.2008.05.006 



 

 136 

96. Eser P, Frotzler A, Zehnder Y, et al. Relationship between the duration of paralysis and bone 

structure: a pQCT study of spinal cord injured individuals. Bone. 2004;34(5):869-880. 

97. Zehnder Y, Risi S, Michel D, et al. Prevention of Bone Loss in Paraplegics Over 2 Years 

With Alendronate. J Bone Miner Res. 2004;19(7):1067-1074. doi:10.1359/JBMR.040313 

98. Vestergaard P, Krogh K, Rejnmark L, Mosekilde L. Fracture rates and risk factors for 

fractures in patients with spinal cord injury. Spinal Cord. 1998;36(11):790-796. 

doi:10.1038/sj.sc.3100648 

99. Pelletier CA, Dumont FS, Leblond J, Noreau L, Giangregorio L, Craven BC. Self-report of 

one-year fracture incidence and osteoporosis prevalence in a community cohort of canadians 

with spinal cord injury. Top Spinal Cord Inj Rehabil. 2014;20(4):302-309. 

doi:10.1310/sci2004-302 

100. Comarr E, Hutchinson R, Bors E. Extremity Fractures of Patients with Spinal Cord 

Injuries. Top Spinal Cord Inj Rehabil. 2005;11(1):1-10. doi:10.1310/NJ4C-4EVM-3UNA-

ARKR 

101. Frey-Rindova P, de Bruin ED, Stüssi E, Dambacher MA, Dietz V. Bone mineral density 

in upper and lower extremities during 12 months after spinal cord injury measured by 

peripheral quantitative computed tomography. Spinal Cord. 2000;38(1):26-32. 

doi:10.1038/sj.sc.3100905 

102. Zleik N, Weaver F, Harmon RL, et al. Prevention and management of osteoporosis and 

osteoporotic fractures in persons with a spinal cord injury or disorder: A systematic scoping 

review. J Spinal Cord Med. 2019;42(6):735-759. doi:10.1080/10790268.2018.1469808 

103. Bethel M, Bailey L, Weaver F, et al. A historical study of appendicular fractures in 

veterans with traumatic chronic spinal cord injury: 2002-2007. J Spinal Cord Med. 

2016;39(6):686-692. 

104. Akhigbe T, Chin AS, Svircev JN, et al. A retrospective review of lower extremity 

fracture care in patients with spinal cord injury. J Spinal Cord Med. 2015;38(1):2-9. 

doi:10.1179/2045772313Y.0000000156 

105. Champs APS, Maia GAG, Oliveira FG, de Melo GCN, Soares MMS. Osteoporosis-

related fractures after spinal cord injury: a retrospective study from Brazil. Spinal Cord. 

2020;58(4):484-489. doi:10.1038/s41393-019-0387-9 

106. Bethel M, Weaver FM, Bailey L, et al. Risk factors for osteoporotic fractures in persons 

with spinal cord injuries and disorders. Osteoporos Int J Establ Result Coop Eur Found 

Osteoporos Natl Osteoporos Found USA. 2016;27(10):3011-3021. doi:10.1007/s00198-016-

3627-2 



 

 137 

107. Ragnarsson KT, Sell GH. Lower extremity fractures after spinal cord injury: a 

retrospective study. Arch Phys Med Rehabil. 1981;62(9):418-423. 

108. Frotzler A, Cheikh-Sarraf B, Pourtehrani M, Krebs J, Lippuner K. Long-bone fractures in 

persons with spinal cord injury. Spinal Cord. 2015;53(9):701-704. doi:10.1038/sc.2015.74 

109. Brotherton SS, Krause JS, Nietert PJ. Falls in individuals with incomplete spinal cord 

injury. Spinal Cord. 2007;45(1):37-40. 

110. Wirz M, Müller R, Bastiaenen C. Falls in persons with spinal cord injury: validity and 

reliability of the Berg Balance Scale. Neurorehabil Neural Repair. 2010;24(1):70-77. 

doi:10.1177/1545968309341059 

111. Amatachaya S, Wannapakhe J, Arrayawichanon P, Siritarathiwat W, Wattanapun P. 

Functional abilities, incidences of complications and falls of patients with spinal cord injury 

6 months after discharge. Spinal Cord. 2011;49(4):520-524. doi:10.1038/sc.2010.163 

112. Phonthee S, Saengsuwan J, Amatachaya S. Falls in independent ambulatory patients with 

spinal cord injury: incidence, associated factors and levels of ability. Spinal Cord. 

2013;51(5):365-368. doi:10.1038/sc.2012.147 

113. Wannapakhe J, Arrayawichanon P, Saengsuwan J, Amatachaya S. Medical complications 

and falls in patients with spinal cord injury during the immediate phase after completing a 

rehabilitation program. J Spinal Cord Med. 2015;38(1):84-90. 

doi:10.1179/2045772313Y.0000000173 

114. Kirby RL, Ackroyd-Stolarz SA, Brown MG, Kirkland SA, MacLeod DA. Wheelchair-

related accidents caused by tips and falls among noninstitutionalized users of manually 

propelled wheelchairs in Nova Scotia. Am J Phys Med Rehabil. 1994;73(5):319-330. 

doi:10.1097/00002060-199409000-00004 

115. Kirby RL, Atkinson SM, MacKay EA. Static and dynamic forward stability of occupied 

wheelchairs: influence of elevated footrests and forward stabilizers. Arch Phys Med Rehabil. 

1989;70(9):681-686. 

116. Nelson A, Ahmed S, Harrow J, Fitzgerald S, Sanchez-Anguiano A, Gavin-Dreschnack D. 

Fall-related fractures in persons with spinal cord impairment: a descriptive analysis. SCI 

Nurs Publ Am Assoc Spinal Cord Inj Nurses. 2003;20(1):30-37. 

117. Kirby RL, Ackroyd-Stolarz SA. Wheelchair safety--adverse reports to the United States 

Food and Drug Administration. Am J Phys Med Rehabil. 1995;74(4):308-312. 

doi:10.1097/00002060-199507000-00009 

118. Calder CJ, Kirby RL. Fatal wheelchair-related accidents in the United States. Am J Phys 

Med Rehabil. 1990;69(4):184-190. doi:10.1097/00002060-199008000-00003 



 

 138 

119. Kirby RL, Coughlan SG, Christie M. Could changes in the wheelchair delivery system 

improve safety? CMAJ Can Med Assoc J J Assoc Medicale Can. 1995;153(11):1585-1591. 

120. Leslie WD, Lix LM, Langsetmo L, et al. Construction of a FRAX® model for the 

assessment of fracture probability in Canada and implications for treatment. Osteoporos Int. 

2011;22(3):817-827. doi:10.1007/s00198-010-1464-2 

121. Leslie WD, Berger C, Langsetmo L, et al. Construction and validation of a simplified 

fracture risk assessment tool for Canadian women and men: results from the CaMos and 

Manitoba cohorts. Osteoporos Int. 2011;22(6):1873-1883. doi:10.1007/s00198-010-1445-5 

122. Nguyen ND, Frost SA, Center JR, Eisman JA, Nguyen TV. Development of prognostic 

nomograms for individualizing 5-year and 10-year fracture risks. Osteoporos Int. 

2008;19(10):1431-1444. doi:10.1007/s00198-008-0588-0 

123. Hippisley-Cox J, Coupland C. Predicting risk of osteoporotic fracture in men and women 

in England and Wales: prospective derivation and validation of QFractureScores. BMJ. 

2009;339(nov19 1):b4229-b4229. doi:10.1136/bmj.b4229 

124. Collins G, Mallett S, Altman D. Predicting risk of osteoporotic and hip fracture in the 

United Kingdom: prospective independent and external validation of QFractureScores. 

Collins G, ed. Br Med J. 2011;342(Journal Article):d3651. 

125. Trémollieres FA, Pouillès JM, Drewniak N, Laparra J, Ribot CA, Dargent-Molina P. 

Fracture risk prediction using BMD and clinical risk factors in early postmenopausal women: 

Sensitivity of the WHO FRAX tool. J Bone Miner Res. 2010;25(5):1002-1009. 

doi:10.1002/jbmr.12 

126. Cervinka T, Lynch CL, Giangregorio L, et al. Agreement between fragility fracture risk 

assessment algorithms as applied to adults with chronic spinal cord injury. Spinal Cord. 

2017;55(11):985-993. doi:10.1038/sc.2017.65 

127. Garland D, Adkins R, Stewart C. Fracture Threshold and Risk for Osteoporosis and 

Pathologic Fractures in Individuals with Spinal Cord Injury. Top Spinal Cord Inj Rehabil. 

2005;11(1):61-69. doi:10.1310/G6TD-HPGC-XM3Q-7YJH 

128. Eser P, Frotzler A, Zehnder Y, Denoth J. Fracture threshold in the femur and tibia of 

people with spinal cord injury as determined by peripheral quantitative computed 

tomography. Arch Phys Med Rehabil. 2005;86(3):498-504. doi:10.1016/j.apmr.2004.09.006 

129. Lala D, Craven BC, Thabane L, et al. Exploring the determinants of fracture risk among 

individuals with spinal cord injury. Osteoporos Int J Establ Result Coop Eur Found 

Osteoporos Natl Osteoporos Found USA. 2014;25(1):177-185. doi:10.1007/s00198-013-

2419-1 



 

 139 

130. Licata A. What’s the simple rationale behind bone density measurements? In: Licata A, 

Williams S, eds. A DXA Primer for the Practicing Clinician. Springer; 2004:ix-xiii. 

131. Berger A. Bone mineral density scans. BMJ. 2002;325(7362):484. 

doi:10.1136/bmj.325.7362.484 

132. Bonnick S. Densitometry Techniques. In: Bonnick S, ed. Bone Densitometry in Clinical 

Practice. 3rd ed. Humana Press; 2010:1-34. 

133. Eiken P, Bärenholdt O, Bjørn Jensen L, Gram J, Pors Nielsen S. Switching from DXA 

pencil-beam to fan-beam. I: Studies in vitro at four centers. Bone. 1994;15(6):667-670. 

134. Faulkner KG, Glüer CC, Estilo M, Genant HK. Cross-calibration of DXA equipment: 

upgrading from a Hologic QDR 1000/W to a QDR 2000. Calcif Tissue Int. 1993;52(2):79-

84. doi:10.1007/BF00308312 

135. Bonnick S. Bone Density Data Among Technologies and Manufacturers. In: Bonnick S, 

ed. Bone Densitometry in Clinical Practice. 3rd ed. Humana Press; 2010:141-161. 

136. Shuhart CR, Yeap SS, Anderson PA, et al. Executive Summary of the 2019 ISCD 

Position Development Conference on Monitoring Treatment, DXA Cross-calibration and 

Least Significant Change, Spinal Cord Injury, Peri-prosthetic and Orthopedic Bone Health, 

Transgender Medicine, and Pediatrics. J Clin Densitom. 2019;22(4):453-471. 

doi:10.1016/j.jocd.2019.07.001 

137. El Maghraoui A, Roux C. DXA scanning in clinical practice. QJM Mon J Assoc 

Physicians. 2008;101(8):605-617. doi:10.1093/qjmed/hcn022 

138. Rupich RC, Griffin MG, Pacifici R, Avioli LV, Susman N. Lateral dual-energy 

radiography: artifact error from rib and pelvic bone. J Bone Miner Res Off J Am Soc Bone 

Miner Res. 1992;7(1):97-101. doi:10.1002/jbmr.5650070114 

139. Louis O, Van den Winkel P, Covens P, Schoutens A, Osteaux M. Dual-energy X-ray 

absorptiometry of lumbar vertebrae: relative contribution of body and posterior elements and 

accuracy in relation with neutron activation analysis. Bone. 1992;13(4):317-320. 

140. Peel NF, Johnson A, Barrington NA, Smith TW, Eastell R. Impact of anomalous 

vertebral segmentation on measurements of bone mineral density. J Bone Miner Res Off J 

Am Soc Bone Miner Res. 1993;8(6):719-723. doi:10.1002/jbmr.5650080610 

141. Morse LR, Biering-Soerensen F, Carbone LD, et al. Bone Mineral Density Testing in 

Spinal Cord Injury: 2019 ISCD Official Position. J Clin Densitom. 2019;22(4):554-566. 

doi:10.1016/j.jocd.2019.07.012 

142. Nishiyama K, Dall’Ara E, Engelke K. Advanced Techniques of Bone Mass 

Measurements and Strength in Adults. In: Bilezikian J, ed. Primer on the Metabolic Bone 



 

 140 

Diseases and Disorder of Mineral Metabolism. 9th ed. John Wiley and Sons and The 

American Society for Bone and Mineral Research (ASBMR); 2019:260-271. 

143. Cann CE, Genant HK. Precise measurement of vertebral mineral content using computed 

tomography. J Comput Assist Tomogr. 1980;4(4):493-500. doi:10.1097/00004728-

198008000-00018 

144. Bousson V, Le Le Bras A, Roqueplan F, et al. Volumetric quantitative computed 

tomography of the proximal femur: relationships linking geometric and densitometric 

variables to bone strength. Role for compact bone. Osteoporos Int. 2006;17(6):855-864. 

doi:10.1007/s00198-006-0074-5 

145. Genant HK, Engelke K, Prevrhal S. Advanced CT bone imaging in osteoporosis. 

Rheumatol Oxf Engl. 2008;47 Suppl 4(Suppl 4):iv9-16. doi:10.1093/rheumatology/ken180 

146. Damilakis J, Adams JE, Guglielmi G, Link TM. Radiation exposure in X-ray-based 

imaging techniques used in osteoporosis. Eur Radiol. 2010;20(11):2707-2714. 

doi:10.1007/s00330-010-1845-0 

147. Giangregorio LM, Gibbs JC, Craven BC. Measuring muscle and bone in individuals with 

neurologic impairment; lessons learned about participant selection and pQCT scan 

acquisition and analysis. Osteoporos Int J Establ Result Coop Eur Found Osteoporos Natl 

Osteoporos Found USA. 2016;27(8):2433-2446. doi:10.1007/s00198-016-3572-0 

148. Ashe MC, Khan KM, Kontulainen SA, et al. Accuracy of pQCT for evaluating the aged 

human radius: an ashing, histomorphometry and failure load investigation. Osteoporos Int. 

2006;17(8):1241-1251. doi:10.1007/s00198-006-0110-5 

149. Laib A, Rüegsegger P. Calibration of trabecular bone structure measurements of in vivo 

three-dimensional peripheral quantitative computed tomography with 28-microm-resolution 

microcomputed tomography. Bone. 1999;24(1):35-39. 

150. Boutroy S, Bouxsein ML, Munoz F, Delmas PD. In vivo assessment of trabecular bone 

microarchitecture by high-resolution peripheral quantitative computed tomography. J Clin 

Endocrinol Metab. 2005;90(12):6508-6515. 

151. Silva BC, Leslie WD, Resch H, et al. Trabecular Bone Score: A Noninvasive Analytical 

Method Based Upon the DXA Image. J Bone Miner Res J Bone Min Res. 2014;29(3):518-

530. doi:10.1002/jbmr.2176 

152. Al-Kadi OS. Fractals for Biomedical Texture Analysis. In: Biomedical Texture Analysis. 

Elsevier; 2017:131-161. doi:10.1016/B978-0-12-812133-7.00005-3 

153. Cormier C, Lamy O, Poriau S. TBS in routine clinical practice: proposals for use. 

Published online 2012. Accessed March 15, 2022. https://studylib.net/doc/13838212/tbs-in-

routine-clinical-practice--proposals-of-use-in-ost... 



 

 141 

154. Dufour R, Winzenrieth R, Heraud A, Hans D, Mehsen N. Generation and validation of a 

normative, age-specific reference curve for lumbar spine trabecular bone score (TBS) in 

French women. Osteoporos Int. 2013;24(11):2837-2846. doi:10.1007/s00198-013-2384-8 

155. Simonelli C, Leib E, McClung M, Winzenrieth R, Hans D. Creation of the Age-Related 

TBS curve at Lumbar Spine in US Caucasian Women Derived from DXA. J Clin Densitom. 

2013;16(3):272-273. doi:10.1016/j.jocd.2013.05.034 

156. Leslie WD, Krieg MA, Hans D, Manitoba Bone Density Program. Clinical factors 

associated with trabecular bone score. J Clin Densitom Off J Int Soc Clin Densitom. 

2013;16(3):374-379. doi:10.1016/j.jocd.2013.01.006 

157. El Hage R, Khairallah W, Bachour F, et al. Influence of age, morphological 

characteristics, and lumbar spine bone mineral density on lumbar spine trabecular bone score 

in Lebanese women. J Clin Densitom Off J Int Soc Clin Densitom. 2014;17(3):434-435. 

doi:10.1016/j.jocd.2013.03.012 

158. Schacter GI, Leslie WD, Majumdar SR, Morin SN, Lix LM, Hans D. Clinical 

performance of an updated trabecular bone score (TBS) algorithm in men and women: the 

Manitoba BMD cohort. Osteoporos Int. 2017;28(11):3199-3203. doi:10.1007/s00198-017-

4166-1 

159. Hans D, Goertzen AL, Krieg MA, Leslie WD. Bone microarchitecture assessed by TBS 

predicts osteoporotic fractures independent of bone density: The manitoba study. J Bone 

Miner Res. 2011;26(11):2762-2769. doi:10.1002/jbmr.499 

160. Boutroy S, Hans D, Sornay-Rendu E, Vilayphiou N, Winzenrieth R, Chapurlat R. 

Trabecular bone score improves fracture risk prediction in non-osteoporotic women: the 

OFELY study. Osteoporos Int. 2013;24(1):77-85. doi:10.1007/s00198-012-2188-2 

161. Briot K, Paternotte S, Kolta S, et al. Added value of trabecular bone score to bone 

mineral density for prediction of osteoporotic fractures in postmenopausal women: The 

OPUS study. Bone. 2013;57(1):232-236. doi:10.1016/j.bone.2013.07.040 

162. Iki M, Fujita Y, Tamaki J, et al. Trabecular bone score may improve FRAX® prediction 

accuracy for major osteoporotic fractures in elderly Japanese men: the Fujiwara-kyo 

Osteoporosis Risk in Men (FORMEN) Cohort Study. Osteoporos Int. 2015;26(6):1841-1848. 

doi:10.1007/s00198-015-3092-3 

163. Delmas PD, Seeman E. Changes in bone mineral density explain little of the reduction in 

vertebral or nonvertebral fracture risk with anti-resorptive therapy. Bone. 2004;34(4):599-

604. doi:10.1016/j.bone.2003.12.022 

164. Gibbs JC, MacIntyre NJ, Ponzano M, et al. Exercise for improving outcomes after 

osteoporotic vertebral fracture. Cochrane Database Syst Rev. 2019;(7). 

doi:10.1002/14651858.CD008618.pub3 



 

 142 

165. Szulc P. Bone density, geometry, and fracture in elderly men. Curr Osteoporos Rep. 

2006;4(2):57-63. doi:10.1007/s11914-006-0003-8 

166. Biering-Sørensen F, Bohr HH, Schaadt OP. Longitudinal study of bone mineral content 

in the lumbar spine, the forearm and the lower extremities after spinal cord injury. Eur J Clin 

Invest. 1990;20(3):330-335. doi:10.1111/j.1365-2362.1990.tb01865.x 

167. Leslie WD, Nance PW. Dissociated hip and spine demineralization: a specific finding in 

spinal cord injury. Arch Phys Med Rehabil. 1993;74(9):960-964. 

168. Bauman WA, Schwartz E, Song IS, et al. Dual-energy X-ray absorptiometry 

overestimates bone mineral density of the lumbar spine in persons with spinal cord injury. 

Spinal Cord. 2009;47(8):628-633. doi:10.1038/sc.2008.169 

169. Ingram RR, Suman RK, Freeman PA. Lower limb fractures in the chronic spinal cord 

injured patient. Paraplegia. 1989;27(2):133-139. doi:10.1038/sc.1989.20 

170. Resnick D. Neuromuscular disorders. In: Resnick D, ed. Diagnosis of Bone and Joint 

Disorders. 3rd ed. WB Saunders; 1996:3365-3406. 

171. Resnick D, Niwayama G. Degenerative diseases of the spine. In: Resnick D, ed. 

Diagnosis of Bone and Joint Disorders. 3rd ed. WB Saunders; 1995:1377-1462. 

172. Jaovisidha S, Sartoris DJ, Martin EM, Foldes K, Szollar SM, Deftos LJ. Influence of 

heterotopic ossification of the hip on bone densitometry: a study in spinal cord injured 

patients. Spinal Cord. 1998;36(9):647-653. doi:10.1038/sj.sc.3100701 

173. Liu CC, Theodorou DJ, Theodorou SJ, et al. Quantitative computed tomography in the 

evaluation of spinal osteoporosis following spinal cord injury. Osteoporos Int J Establ Result 

Coop Eur Found Osteoporos Natl Osteoporos Found USA. 2000;11(10):889-896. 

doi:10.1007/s001980070049 

174. McCloskey EV, Odén A, Harvey NC, et al. A Meta-Analysis of Trabecular Bone Score 

in Fracture Risk Prediction and Its Relationship to FRAX: TBS IN FRACTURE RISK 

PREDICTION AND RELATIONSHIP TO FRAX. J Bone Miner Res. 2016;31(5):940-948. 

doi:10.1002/jbmr.2734 

175. Lobos S, Cooke A, Simonett G, Ho C, Boyd SK, Edwards WB. Trabecular Bone Score at 

the Distal Femur and Proximal Tibia in Individuals With Spinal Cord Injury. J Clin 

Densitom. 2019;22(2):249-256. doi:10.1016/j.jocd.2018.04.002 

176. Garland DE, Adkins RH, Kushwaha V, Stewart C. Risk Factors For Osteoporosis at the 

Knee in the Spinal Cord Injury Population. J Spinal Cord Med. 2004;27(3):202-206. 

doi:10.1080/10790268.2004.11753748 



 

 143 

177. Morse LR, Battaglino RA, Stolzmann KL, et al. Osteoporotic fractures and 

hospitalization risk in chronic spinal cord injury. Osteoporos Int. 2009;20(3):385-392. 

doi:10.1007/s00198-008-0671-6 

178. Craven, Robertson, McGillivray, Adachi. Detection and Treatment of Sublesional 

Osteoporosis Among Patients with Chronic Spinal Cord Injury. Top Spinal Cord Inj Rehabil. 

2009;14(4):1-22. doi:10.1310/sci1404-1 

179. Freehafer AA. Limb fractures in patients with spinal cord injury. Arch Phys Med 

Rehabil. 1995;76(9):823-827. doi:10.1016/S0003-9993(95)80546-X 

180. Parsons KC, Lammertse DP. Rehabilitation in spinal cord disorders. 1. Epidemiology, 

prevention, and system of care of spinal cord disorders. Arch Phys Med Rehabil. 1991;72(4-

S):S293-294. 

181. Slade JM, Bickel CS, Modlesky CM, Majumdar S, Dudley GA. Trabecular bone is more 

deteriorated in spinal cord injured versus estrogen-free postmenopausal women. Osteoporos 

Int. 2005;16(3):263-272. doi:10.1007/s00198-004-1665-7 

182. Paralized Veterans of America. Clinical Practice Guidelines for Bone Health and 

Osteoporosis Management in Individuals with Spinal Cord Injury. Published online 2022. 

183. Giangregorio LM, Papaioannou A, Macintyre NJ, et al. Too Fit To Fracture: exercise 

recommendations for individuals with osteoporosis or osteoporotic vertebral fracture. 

Osteoporos Int J Establ Result Coop Eur Found Osteoporos Natl Osteoporos Found USA. 

2014;25(3):821-835. doi:10.1007/s00198-013-2523-2 

184. Beck BR, Daly RM, Singh MA, Taaffe DR. Exercise and Sports Science Australia 

(ESSA) position statement on exercise prescription for the prevention and management of 

osteoporosis. J Sci Med Sport. 2017;20(5):438-445. 

185. Daly R, Giangregorio L. Exercise for Osteoporotic Fracture Prevention and Management. 

In: Bilezikian J, ed. Primer on the Metabolic Bone Diseases and Disorder of Mineral 

Metabolism. 9th ed. John Wiley and Sons and The American Society for Bone and Mineral 

Research (ASBMR); 2019:517-525. 

186. Stewart VH, Saunders DH, Greig CA. Responsiveness of muscle size and strength to 

physical training in very elderly people: a systematic review. Scand J Med Sci Sports. 

2014;24(1):1. doi:10.1111/sms.12123 

187. Borde R, Hortobágyi T, Granacher U. Dose–Response Relationships of Resistance 

Training in Healthy Old Adults: A Systematic Review and Meta-Analysis. Sports Med. 

2015;45(12):1693-1720. doi:10.1007/s40279-015-0385-9 

188. Watson SL, Weeks BK, Weis LJ, Harding AT, Horan SA, Beck BR. High-Intensity 

Resistance and Impact Training Improves Bone Mineral Density and Physical Function in 



 

 144 

Postmenopausal Women With Osteopenia and Osteoporosis: The LIFTMOR Randomized 

Controlled Trial. J Bone Miner Res Off J Am Soc Bone Miner Res. 2018;33(2):211-220. 

doi:10.1002/jbmr.3284 

189. Martyn-St James M, Carroll S. High-intensity resistance training and postmenopausal 

bone loss: a meta-analysis. Osteoporos Int J Establ Result Coop Eur Found Osteoporos Natl 

Osteoporos Found USA. 2006;17(8):1225-1240. doi:10.1007/s00198-006-0083-4 

190. Howe TE, Shea B, Dawson LJ, et al. Exercise for preventing and treating osteoporosis in 

postmenopausal women. Cochrane Database Syst Rev. 2011;(7). 

doi:10.1002/14651858.CD000333.pub2 

191. Kemmler W, Shojaa M, Kohl M, von Stengel S. Exercise effects on bone mineral density 

in older men: a systematic review with special emphasis on study interventions. Osteoporos 

Int. 2018;29(7):1493-1504. doi:10.1007/s00198-018-4482-0 

192. Kado DM. The rehabilitation of hyperkyphotic posture in the elderly. Eur J Phys Rehabil 

Med. 2009;45(Journal Article):583-593. 

193. Katzman WB, Wanek L, Shepherd JA, Sellmeyer DE. Age-Related Hyperkyphosis: Its 

Causes, Consequences, and Management. J Orthop Sports Phys Ther. 2010;40(6):352-360. 

doi:10.2519/jospt.2010.3099 

194. Roghani T, Zavieh MK, Manshadi FD, King N, Katzman W. Age-related hyperkyphosis: 

update of its potential causes and clinical impacts—narrative review. Aging Clin Exp Res. 

2017;29(4):567-577. doi:10.1007/s40520-016-0617-3 

195. Bansal S MSc, Katzman WB DPTSc, Giangregorio LM PhD. Exercise for Improving 

Age-Related Hyperkyphotic Posture: A Systematic Review. Arch Phys Med Rehabil. 

2014;95(1):129-140. doi:10.1016/j.apmr.2013.06.022 

196. González-Gálvez N, Gea-García GM, Marcos-Pardo PJ. Effects of exercise programs on 

kyphosis and lordosis angle: A systematic review and meta-analysis. PloS One. 

2019;14(4):e0216180. doi:10.1371/journal.pone.0216180 

197. Kado DM, Miller-Martinez D, Lui LY, et al. Hyperkyphosis, Kyphosis Progression, and 

Risk of Non-Spine Fractures in Older Community Dwelling Women: The Study of 

Osteoporotic Fractures (SOF): HYPERKYPHOSIS, KYPHOSIS PROGRESSION, AND 

RISK OF NON-SPINE FRACTURES. J Bone Miner Res. 2014;29(10):2210-2216. 

doi:10.1002/jbmr.2251 

198. Giangregorio LM, McGill S, Wark JD, et al. Too Fit To Fracture: outcomes of a Delphi 

consensus process on physical activity and exercise recommendations for adults with 

osteoporosis with or without vertebral fractures. Osteoporos Int J Establ Result Coop Eur 

Found Osteoporos Natl Osteoporos Found USA. 2015;26(3):891-910. doi:10.1007/s00198-

014-2881-4 



 

 145 

199. Giangregorio LM, MacIntyre NJ, Heinonen A, et al. Too Fit To Fracture: a consensus on 

future research priorities in osteoporosis and exercise. Osteoporos Int. 2014;25(5):1465-

1472. doi:10.1007/s00198-014-2652-2 

200. Gibbs JC, McArthur C, Wark JD, et al. The Effects of Home Exercise in Older Women 

With Vertebral Fractures: A Pilot Randomized Controlled Trial. Phys Ther. 

2020;100(4):662-676. doi:10.1093/ptj/pzz188 

201. Stanghelle B, Bentzen H, Giangregorio L, Pripp AH, Skelton DA, Bergland A. Effects of 

a resistance and balance exercise programme on physical fitness, health-related quality of 

life and fear of falling in older women with osteoporosis and vertebral fracture: a randomized 

controlled trial. Osteoporos Int. 2020;31(6):1069-1078. doi:10.1007/s00198-019-05256-4 

202. Ponzano M, Gibbs JC, Templeton JA, et al. Exploring fear of falling and exercise self-

efficacy in older women with vertebral fractures. J Phys Act. 2020;(Manuscript accepted). 

203. Giangregorio LM, Gibbs JC, Templeton JA, et al. Build better bones with exercise (B3E 

pilot trial): results of a feasibility study of a multicenter randomized controlled trial of 12 

months of home exercise in older women with vertebral fracture. Osteoporos Int. 

2018;29(11):2545-2556. doi:10.1007/s00198-018-4652-0 

204. Ponzano M, Gibbs JC, Templeton AJ, et al. Build Better Bones With Exercise: Fear of 

Falling, Exercise Self-efficacy and Adherence to a Home Exercise Program in Older Women 

with a Vertebral Fracture. 2nd Bienn Can Bone Jt Conf May 11-12 2018 Lond Can. (Journal 

Article). 

205. Katzman WB, Gladin A, Lane NE, et al. Feasibility and Acceptability of Technology-

Based Exercise and Posture Training in Older Adults With Age-Related Hyperkyphosis: Pre-

Post Study. JMIR Aging. 2019;2(1):e12199. doi:10.2196/12199 

206. Brooks SK, Webster RK, Smith LE, et al. The psychological impact of quarantine and 

how to reduce it: rapid review of the evidence. The Lancet. 2020;395(10227):912-920. 

doi:10.1016/S0140-6736(20)30460-8 

207. Jiang SD, Dai LY, Jiang LS. Osteoporosis after spinal cord injury. Osteoporos Int J 

Establ Result Coop Eur Found Osteoporos Natl Osteoporos Found USA. 2006;17(2):180-

192. doi:10.1007/s00198-005-2028-8 

208. Liu G, Peacock M, Eilam O, Dorulla G, Braunstein E, Johnston CC. Effect of 

osteoarthritis in the lumbar spine and hip on bone mineral density and diagnosis of 

osteoporosis in elderly men and women. Osteoporos Int J Establ Result Coop Eur Found 

Osteoporos Natl Osteoporos Found USA. 1997;7(6):564-569. doi:10.1007/BF02652563 

209. Cann C, Rutt B, Genant H. Effect of extraosseous calcifications on vertebral mineral 

measurement. Calcif Tissue Int. 1983;35(Journal Article):667. 



 

 146 

210. Rand T, Seidl G, Kainberger F, et al. Impact of spinal degenerative changes on the 

evaluation of bone mineral density with dual energy X-ray absorptiometry (DXA). Calcif 

Tissue Int. 1997;60(5):430-433. doi:10.1007/s002239900258 

211. Drinka PJ, DeSmet AA, Bauwens SF, Rogot A. The effect of overlying calcification on 

lumbar bone densitometry. Calcif Tissue Int. 1992;50(6):507-510. doi:10.1007/BF00582163 

212. Bonnick SL. Skeletal Anatomy in Densitometry. In: Bonnick SL, ed. Bone Densitometry 

in Clinical Practice. Humana Press; 2010:35-78. 

213. Licata A, Williams S. Technological Errors in DXA Scanning: Common Errors in 

Diagnosing and Monitoring. In: Licata A, Williams S, eds. A DXA Primer for the Practicing 

Clinician. Springer; 2014:55-68. 

214. Labio ED, Del Rosario DB, Strasser SI, McCaughan GW, Crawford BA. Effect of ascites 

on bone density measurement in cirrhosis. J Clin Densitom Off J Int Soc Clin Densitom. 

2007;10(4):391-394. 

215. Shuhart CR, Yeap SS, Anderson PA, et al. Executive Summary of the 2019 ISCD 

Position Development Conference on Monitoring Treatment, DXA Cross-calibration and 

Least Significant Change, Spinal Cord Injury, Peri-prosthetic and Orthopedic Bone Health, 

Transgender Medicine, and Pediatrics. J Clin Densitom Off J Int Soc Clin Densitom. 

2019;22(4):453-471. 

216. Altman DG. Practical Statistics for Medical Research.; 1999. Accessed June 3, 2022. 

https://ebookcentral.proquest.com/lib/soton-ebooks/detail.action?docID=5784343 

217. Masud T, Langley S, Wiltshire P, Doyle DV, Spector TD. Effect of spinal osteophytosis 

on bone mineral density measurements in vertebral osteoporosis. BMJ. 1993;307(6897):172-

173. doi:10.1136/bmj.307.6897.172 

218. Theodorou DJ, Theodorou SJ. Dual-energy X-ray absorptiometry in clinical practice: 

application and interpretation of scans beyond the numbers. Clin Imaging. 2002;26(1):43-49. 

doi:10.1016/s0899-7071(01)00356-4 

219. Peacock DJ, Egger P, Taylor P, Cawley MI, Cooper C. Lateral bone density 

measurements in osteoarthritis of the lumbar spine. Ann Rheum Dis. 1996;55(3):196-198. 

doi:10.1136/ard.55.3.196 

220. Qutbi M, Soltanshahi M, Shiravand Y, Gorzi SK, Shafiei B, Asli IN. Technical and 

patient-related sources of error and artifacts in bone mineral densitometry using dual-energy 

X-ray absorptiometry: A pictorial review. Indian J Radiol Imaging. 2020;30(03):362-371. 

doi:10.4103/ijri.IJRI_495_19 

221. Finsen V, Indredavik B, Fougner KJ. Bone mineral and hormone status in paraplegics. 

Paraplegia. 1992;30(5):343-347. doi:10.1038/sc.1992.80 



 

 147 

222. Demirel G, Yilmaz H, Paker N, Onel S. Osteoporosis after spinal cord injury. Spinal 

Cord. 1998;36(12):822-825. doi:10.1038/sj.sc.3100704 

223. Tsuzuku S, Ikegami Y, Yabe K. Bone mineral density differences between paraplegic 

and quadriplegic patients: a cross-sectional study. Spinal Cord. 1999;37(5):358-361. 

doi:10.1038/sj.sc.3100835 

224. Comarr AE, Hutchinson RH, Bors E. Extremity fractures of patients with spinal cord 

injuries. Am J Surg. 1962;103:732-739. doi:10.1016/0002-9610(62)90256-8 

225. Freehafer AA, Hazel CM, Becker CL. Lower extremity fractures in patients with spinal 

cord injury. Paraplegia. 1981;19(6):367-372. doi:10.1038/sc.1981.69 

226. Carbone LD, Chin AS, Burns SP, et al. Mortality After Lower Extremity Fractures in 

Men With Spinal Cord Injury: MORTALITY AFTER LOWER EXTREMITY 

FRACTURES IN MEN WITH SCI. J Bone Miner Res. 2014;29(2):432-439. 

doi:10.1002/jbmr.2050 

227. Leslie WD, Lix LM, for the Manitoba Bone Density Program. Absolute fracture risk 

assessment using lumbar spine and femoral neck bone density measurements: Derivation and 

validation of a hybrid system. J Bone Miner Res. 2011;26(3):460-467. doi:10.1002/jbmr.248 

228. Leslie WD, Kovacs CS, Olszynski WP, et al. Spine-Hip T-Score Difference Predicts 

Major Osteoporotic Fracture Risk Independent of FRAX®: A Population-Based Report 

From CAMOS. J Clin Densitom. 2011;14(3):286-293. doi:10.1016/j.jocd.2011.04.011 

229. Zehnder Y, Lüthi M, Michel D, et al. Long-term changes in bone metabolism, bone 

mineral density, quantitative ultrasound parameters, and fracture incidence after spinal cord 

injury: a cross-sectional observational study in 100 paraplegic men. Osteoporos Int. 

2004;15(3):180-189. doi:10.1007/s00198-003-1529-6 

230. Bolotin HH. The significant effects of bone structure on inherent patient-specific DXA in 

vivo bone mineral density measurement inaccuracies. Med Phys. 2004;31(4):774-788. 

231. Bolotin HH, Sievänen H. Inaccuracies inherent in dual-energy X-ray absorptiometry in 

vivo bone mineral density can seriously mislead diagnostic/prognostic interpretations of 

patient-specific bone fragility. J Bone Miner Res. 2001;16:799-805. 

232. Sievänen H. Bone densitometry and true BMD accuracy for predicting fractures: what are 

the alternatives? Int J Clin Rheumatol. 2010;5:371-385. 

233. Broy SB, Cauley JA, Lewiecki EM, Schousboe JT, Shepherd JA, Leslie WD. Fracture 

Risk Prediction by Non-BMD DXA Measures: the 2015 ISCD Official Positions Part 1: Hip 

Geometry. 2015;18(3):287-308. doi:http://dx.doi.org/10.1016/j.jocd.2015.06.005 



 

 148 

234. Li Z, Chines AA, Meredith MP. Statistical validation of surrogate endpoints: is bone 

density a valid surrogate for fracture? J Musculoskelet Neuronal Interact. 2004;4(1):64-74. 

235. Gregson CL, Hardcastle SA, Cooper C, Tobias JH. Friend or foe: high bone mineral 

density on routine bone density scanning, a review of causes and management. 

Rheumatology. 2013;52(6):968-985. doi:10.1093/rheumatology/ket007 

236. Kreiger N, Tenenhouse A, Joseph L, et al. Research Notes: The Canadian Multicentre 

Osteoporosis Study (CaMos): Background, Rationale, Methods. Can J Aging Rev Can Vieil. 

1999;18(3):376-387. doi:10.1017/S0714980800009934 

237. Ewing JA. Detecting alcoholism. The CAGE questionnaire. Jama. 1984;252(14):1905-

1907. doi:10.1001/jama.252.14.1905 

238. Rupp R, Biering-Sørensen F, Burns SP, et al. International Standards for Neurological 

Classification of Spinal Cord Injury. Top Spinal Cord Inj Rehabil. 2021;27(2):1-22. 

doi:10.46292/sci2702-1 

239. The Advisory Board of the National Osteoporosis Guideline Group, Kanis JA, Harvey 

NC, et al. A systematic review of intervention thresholds based on FRAX: A report prepared 

for the National Osteoporosis Guideline Group and the International Osteoporosis 

Foundation. Arch Osteoporos. 2016;11(1):25. doi:10.1007/s11657-016-0278-z 

240. Portney L, Watkins M. Statistical Measures of Reliability. In: Portney L, Watkins M, eds. 

Foundations of Clinical Research: Applicaton to Practice. 3rd ed. F.A. Davis Company; 

2000:585-618. 

241. Schousboe JT, Vo T, Taylor BC, et al. Prediction of Incident Major Osteoporotic and Hip 

Fractures by Trabecular Bone Score (TBS) and Prevalent Radiographic Vertebral Fracture in 

Older Men: ASSOCIATION OF FRACTURES WITH TBS IN OLDER MEN. J Bone Miner 

Res. 2016;31(3):690-697. doi:10.1002/jbmr.2713 

242. Kolta S, Briot K, Fechtenbaum J, et al. TBS result is not affected by lumbar spine 

osteoarthritis. Osteoporos Int. 2014;25(6):1759-1764. doi:10.1007/s00198-014-2685-6 

243. Leslie WD, Majumdar SR, Morin SN, Hans D, Lix LM. Change in Trabecular Bone 

Score (TBS) With Antiresorptive Therapy Does Not Predict Fracture in Women: The 

Manitoba BMD Cohort: TBS CHANGE AND FRACTURE. J Bone Miner Res. 

2017;32(3):618-623. doi:10.1002/jbmr.3054 

244. Di Gregorio S, Del Rio L, Rodriguez-Tolra J, Bonel E, García M, Winzenrieth R. 

Comparison between different bone treatments on areal bone mineral density (aBMD) and 

bone microarchitectural texture as assessed by the trabecular bone score (TBS). Bone. 

2015;75:138-143. doi:10.1016/j.bone.2014.12.062 



 

 149 

245. for the Manitoba Bone Density Program, Krieg MA, Aubry-Rozier B, Hans D, Leslie 

WD. Effects of anti-resorptive agents on trabecular bone score (TBS) in older women. 

Osteoporos Int. 2013;24(3):1073-1078. doi:10.1007/s00198-012-2155-y 

246. Popp AW, Guler S, Lamy O, et al. Effects of zoledronate versus placebo on spine bone 

mineral density and microarchitecture assessed by the trabecular bone score in 

postmenopausal women with osteoporosis: A three-year study. J Bone Miner Res. 

2013;28(3):449-454. doi:10.1002/jbmr.1775 

247. Whitaker M, Guo J, Kehoe T, Benson G. Bisphosphonates for Osteoporosis — Where Do 

We Go from Here? N Engl J Med. 2012;366(22):2048-2051. doi:10.1056/NEJMp1202619 

248. Fife D, Barancik JI. Northeastern Ohio Trauma Study III: incidence of fractures. Ann 

Emerg Med. 1985;14(3):244-248. doi:10.1016/s0196-0644(85)80448-0 

249. Tromp AM, Pluijm SM, Smit JH, Deeg DJ, Bouter LM, Lips P. Fall-risk screening test: a 

prospective study on predictors for falls in community-dwelling elderly. J Clin Epidemiol. 

2001;54(8):837-844. doi:10.1016/s0895-4356(01)00349-3 

250. Bliuc D, Nguyen ND, Milch VE, Nguyen TV, Eisman JA, Center JR. Mortality risk 

associated with low-trauma osteoporotic fracture and subsequent fracture in men and 

women. JAMA. 2009;301(5):513-521. doi:10.1001/jama.2009.50 

251. Klop C, Welsing PMJ, Cooper C, et al. Mortality in British hip fracture patients, 2000-

2010: a population-based retrospective cohort study. Bone. 2014;66:171-177. 

doi:10.1016/j.bone.2014.06.011 

252. Giangregorio LM, Papaioannou A, Macintyre NJ, et al. Too Fit To Fracture: exercise 

recommendations for individuals with osteoporosis or osteoporotic vertebral fracture. 

Osteoporos Int J Establ Result Coop Eur Found Osteoporos Natl Osteoporos Found USA. 

2014;25(3):821-835. doi:10.1007/s00198-013-2523-2 

253. El-Khoury F, Cassou B, Charles MA, Dargent-Molina P. The effect of fall prevention 

exercise programmes on fall induced injuries in community dwelling older adults: systematic 

review and meta-analysis of randomised controlled trials. BMJ. 2013;347(Journal 

Article):f6234. 

254. Sherrington C, Fairhall NJ, Wallbank GK, et al. Exercise for preventing falls in older 

people living in the community. Cochrane Database Syst Rev. 2019;1(1):CD012424. 

doi:10.1002/14651858.CD012424.pub2 

255. Latham N, Anderson C, Bennett D, Stretton C. Progressive resistance strength training 

for physical disability in older people. Cochrane Database Syst Rev. 2003;(2):CD002759. 

doi:10.1002/14651858.CD002759 



 

 150 

256. Moher D, Liberati A, Tetzlaff J, Altman DG, The PG. Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLOS Med. 

2009;6(7):e1000097. 

257. Papaioannou A, Morin S, Cheung AM, et al. 2010 clinical practice guidelines for the 

diagnosis and management of osteoporosis in Canada: summary. Can Med Assoc J. 

2010;182(17):1864-1873. doi:10.1503/cmaj.100771 

258. ProFaNE Taxonomy. Manual for the fall prevention classification system version 1 (4 th 

April 2007). 2007;1:1–31. http://www.pro fane.eu.org/documents/Falls_Taxonomy.pdf. 

259. Morin SN, Djekic-Ivankovic M, Funnell L, et al. Patient engagement in clinical 

guidelines development: input from > 1000 members of the Canadian Osteoporosis Patient 

Network. Osteoporos Int. 2020;31(5):867-874. doi:10.1007/s00198-019-05248-4 

260. Rodrigues IB, Ashe MC, Bartley J, et al. How exercise professionals support individuals 

with acute vertebral fractures. 2019;34:252. 

261. Reporting Adverse Reactions to Marketed Health Products: Guidance Document for 

Industry. Health Canada, 2018; 1–3. Accessed January 28, 2021. 

https://www.canada.ca/content/da m/hc-sc/documents/services/drugs-health-

products/reports-publi cations/medeffect-canada/reporting-adverse-reactions-markete d-

health-products-guidance-industry/reporting-adverse- 

262. Marotti G. Map of bone formation rate values recorded throughout the skeleton of the 

dog. In: Bone Morphometry. Ottawa, Ontario: University of Ottawa Press; 1976:202-207. 

263. Kimmel DB, Jee WSS. A quantitative histologic study of bone turnover in young adult 

beagles. Anat Rec. 1982;203(1):31-45. doi:10.1002/ar.1092030104 

264. Higgins JPT, Savovic J, Page M, Elbers R, Sterne J. Chapter 8: Assessing risk of bias in a 

randomized trial. In: Cochrane Handbook for Systematic Reviews of Interventions Version 

6.1 (Updated September 2020). Cochrane; 2020. www.training. cochrane.org/handbook. 

265. Schünemann H, Higgins JPT, Vist G, et al. Chapter 14: Completing ‘Summary of 

findings’ tables and grading the certainty of the evidence. In: Cochrane Handbook for 

Systematic Reviews of Interventions Version 6.1 (Updated September 2020). Cochrane; 

2020. www.training. cochrane.org/handbook. 

266. Watson SL, Weeks BK, Weis LJ, Harding AT, Horan SA, Beck BR. High-intensity 

exercise did not cause vertebral fractures and improves thoracic kyphosis in postmenopausal 

women with low to very low bone mass: the LIFTMOR trial. Osteoporos Int J Establ Result 

Coop Eur Found Osteoporos Natl Osteoporos Found USA. 2019;30(5):957-964. 

doi:10.1007/s00198-018-04829-z 



 

 151 

267. Basat H, Esmaeilzadeh S, Eskiyurt N. The effects of strengthening and high-impact 

exercises on bone metabolism and quality of life in postmenopausal women: a randomized 

controlled trial. J Back Musculoskelet Rehabil. 2013;26(4):427-435. doi:10.3233/BMR-

130402 

268. Liu-Ambrose TYL, Khan KM, Eng JJ, Heinonen A, McKay HA. Both resistance and 

agility training increase cortical bone density in 75- to 85-year-old women with low bone 

mass: a 6-month randomized controlled trial. J Clin Densitom Off J Int Soc Clin Densitom. 

2004;7(4):390-398. doi:10.1385/jcd:7:4:390 

269. Liu-Ambrose T, Khan KM, Eng JJ, Janssen PA, Lord SR, McKay HA. Resistance and 

agility training reduce fall risk in women aged 75 to 85 with low bone mass: a 6-month 

randomized, controlled trial. J Am Geriatr Soc. 2004;52(5):657-665. doi:10.1111/j.1532-

5415.2004.52200.x 

270. Liu-Ambrose T, Khan KM, Eng JJ, Lord SR, McKay HA. Balance confidence improves 

with resistance or agility training. Increase is not correlated with objective changes in fall 

risk and physical abilities. Gerontology. 2004;50(6):373-382. doi:10.1159/000080175 

271. Liu-Ambrose TYL, Khan KM, Eng JJ, Lord SR, Lentle B, McKay HA. Both resistance 

and agility training reduce back pain and improve health-related quality of life in older 

women with low bone mass. Osteoporos Int J Establ Result Coop Eur Found Osteoporos 

Natl Osteoporos Found USA. 2005;16(11):1321-1329. doi:10.1007/s00198-005-1842-3 

272. Marchese D, D’Andrea M, Ventura V, et al. Effects of a Weight-Bearing Exercise 

Training on Bone Mineral Density and Neuromuscular Function of Osteopenic Women. Eur 

J Inflamm. 2012;10(3):427-435. doi:10.1177/1721727X1201000318 

273. Nawrat-Szołtysik AJ, Polak A, Małecki A, et al. Effect of physical activity on the 

sequelae of osteoporosis in female residents of residential care facilities. Adv Clin Exp Med 

Off Organ Wroclaw Med Univ. 2018;27(5):633-642. doi:10.17219/acem/68381 

274. Tolomio S, Ermolao A, Lalli A, Zaccaria M. The effect of a multicomponent dual-

modality exercise program targeting osteoporosis on bone health status and physical function 

capacity of postmenopausal women. J Women Aging. 2010;22(4):241-254. 

doi:10.1080/08952841.2010.518866 

275. Carter ND, Khan KM, Petit MA, et al. Results of a 10 week community based strength 

and balance training programme to reduce fall risk factors: a randomised controlled trial in 

65-75 year old women with osteoporosis. Br J Sports Med. 2001;35(5):348-351. 

doi:10.1136/bjsm.35.5.348 

276. Bergström I, Landgren B, Brinck J, Freyschuss B. Physical training preserves bone 

mineral density in postmenopausal women with forearm fractures and low bone mineral 

density. Osteoporos Int J Establ Result Coop Eur Found Osteoporos Natl Osteoporos Found 

USA. 2008;19(2):177-183. doi:10.1007/s00198-007-0445-6 



 

 152 

277. Iwamoto J, Takeda T, Otani T, Yabe Y. Effect of increased physical activity on bone 

mineral density in postmenopausal osteoporotic women. Keio J Med. 1998;47(3):157-161. 

doi:10.2302/kjm.47.157 

278. Papaioannou A, Adachi JD, Winegard K, et al. Efficacy of home-based exercise for 

improving quality of life among elderly women with symptomatic osteoporosis-related 

vertebral fractures. Osteoporos Int. 2003;14(8):677-682. doi:10.1007/s00198-003-1423-2 

279. Chien MY, Yang RS, Tsauo JY. Home-based trunk-strengthening exercise for 

osteoporotic and osteopenic postmenopausal women without fracture--a pilot study. Clin 

Rehabil. 2005;19(1):28-36. doi:10.1191/0269215505cr844oa 

280. Devereux K, Robertson D, Briffa NK. Effects of a water-based program on women 65 

years and over: a randomised controlled trial. Aust J Physiother. 2005;51(2):102-108. 

doi:10.1016/s0004-9514(05)70038-6 

281. Evstigneeva L, Lesnyak O, Bultink IEM, et al. Effect of twelve-month physical exercise 

program on patients with osteoporotic vertebral fractures: a randomized, controlled trial. 

Osteoporos Int J Establ Result Coop Eur Found Osteoporos Natl Osteoporos Found USA. 

2016;27(8):2515-2524. doi:10.1007/s00198-016-3560-4 

282. Fleisher L, Trudelle-Jackson E, Thompson M, Smith S. Effects of Weight-Bearing and 

Resistance Exercises on Lower Extremity Strength, Postural Stability, and Quality of Life in 

Postmenopausal Women With Low Bone Mass. J Womens Health Phys Ther. 

2011;35(3):114-127. doi:10.1097/JWH.0b013e31823b072c 

283. Gualano B, Macedo AR, Alves CRR, et al. Creatine supplementation and resistance 

training in vulnerable older women: a randomized double-blind placebo-controlled clinical 

trial. Exp Gerontol. 2014;53:7-15. doi:10.1016/j.exger.2014.02.003 

284. Hakestad KA, Torstveit MK, Nordsletten L, Risberg MA. Effect of exercises with weight 

vests and a patient education programme for women with osteopenia and a healed wrist 

fracture: a randomized, controlled trial of the OsteoACTIVE programme. BMC 

Musculoskelet Disord. 2015;16:352. doi:10.1186/s12891-015-0811-z 

285. Bennell KL, Matthews B, Greig A, et al. Effects of an exercise and manual therapy 

program on physical impairments, function and quality-of-life in people with osteoporotic 

vertebral fracture: a randomised, single-blind controlled pilot trial. BMC Musculoskelet 

Disord. 2010;11(1):36. doi:10.1186/1471-2474-11-36 

286. Otero M, Esain I, González-Suarez ÁM, Gil SM. The effectiveness of a basic exercise 

intervention to improve strength and balance in women with osteoporosis. Clin Interv Aging. 

2017;12:505-513. doi:10.2147/CIA.S127233 

287. Arnold CM, Busch AJ, Schachter CL, Harrison EL, Olszynski WP. A Randomized 

Clinical Trial of Aquatic versus Land Exercise to Improve Balance, Function, and Quality of 



 

 153 

Life in Older Women with Osteoporosis. Physiother Can Physiother Can. 2008;60(4):296-

306. doi:10.3138/physio.60.4.296 

288. Carter ND, Khan KM, McKay HA, et al. Community-based exercise program reduces 

risk factors for falls in 65- to 75-year-old women with osteoporosis: randomized controlled 

trial. CMAJ Can Med Assoc J J Assoc Medicale Can. 2002;167(9):997-1004. 

289. Çergel Y, Topuz O, Alkan H, Sarsan A, Sabir Akkoyunlu N. The effects of short-term 

back extensor strength training in postmenopausal osteoporotic women with vertebral 

fractures: comparison of supervised and home exercise program. Arch Osteoporos. 

2019;14(1):82. doi:10.1007/s11657-019-0632-z 

290. Grahn Kronhed AC, Hallberg I, Ödkvist L, Möller M. Effect of training on health-related 

quality of life, pain and falls in osteoporotic women. Adv Physiother. 2009;11(3):154-165. 

doi:10.1080/14038190902896659 

291. Hongo M, Itoi E, Sinaki M, et al. Effect of low-intensity back exercise on quality of life 

and back extensor strength in patients with osteoporosis: a randomized controlled trial. 

Osteoporos Int J Establ Result Coop Eur Found Osteoporos Natl Osteoporos Found USA. 

2007;18(10):1389-1395. doi:10.1007/s00198-007-0398-9 

292. Kanemaru A, Arahata K, Ohta T, Katoh T, Tobimatsu H, Horiuchi T. The efficacy of 

home-based muscle training for the elderly osteoporotic women: the effects of daily muscle 

training on quality of life (QoL). Arch Gerontol Geriatr. 2010;51(2):169-172. 

doi:10.1016/j.archger.2009.10.003 

293. Malmros B, Mortensen L, Jensen MB, Charles P. Positive effects of physiotherapy on 

chronic pain and performance in osteoporosis. Osteoporos Int J Establ Result Coop Eur 

Found Osteoporos Natl Osteoporos Found USA. 1998;8(3):215-221. 

doi:10.1007/s001980050057 

294. Teixeira LEPP, Silva KNG, Imoto AM, et al. Progressive load training for the quadriceps 

muscle associated with proprioception exercises for the prevention of falls in 

postmenopausal women with osteoporosis: a randomized controlled trial. Osteoporos Int J 

Establ Result Coop Eur Found Osteoporos Natl Osteoporos Found USA. 2010;21(4):589-

596. doi:10.1007/s00198-009-1002-2 

295. Barker KL, Newman M, Stallard N, et al. Physiotherapy rehabilitation for osteoporotic 

vertebral fracture-a randomised controlled trial and economic evaluation (PROVE trial). 

Osteoporos Int J Establ Result Coop Eur Found Osteoporos Natl Osteoporos Found USA. 

2020;31(2):277-289. doi:10.1007/s00198-019-05133-0 

296. Gold DT, Shipp KM, Pieper CF, Duncan PW, Martinez S, Lyles KW. Group treatment 

improves trunk strength and psychological status in older women with vertebral fractures: 

results of a randomized, clinical trial. J Am Geriatr Soc. 2004;52(9):1471-1478. 

doi:10.1111/j.1532-5415.2004.52409.x 



 

 154 

297. Crotty M, Killington M, Liu E, et al. Should we provide outreach rehabilitation to very 

old people living in Nursing Care Facilities after a hip fracture? A randomised controlled 

trial. Age Ageing. 2019;48(3):373-380. doi:10.1093/ageing/afz005 

298. Singh NA, Quine S, Clemson LM, et al. Effects of high-intensity progressive resistance 

training and targeted multidisciplinary treatment of frailty on mortality and nursing home 

admissions after hip fracture: a randomized controlled trial. J Am Med Dir Assoc. 

2012;13(1):24-30. doi:10.1016/j.jamda.2011.08.005 

299. Mård M, Vaha J, Heinonen A, et al. The effects of muscle strength and power training on 

mobility among older hip fracture patients. Adv Physiother. 2008;10(4):195-202. 

doi:10.1080/14038190801999570 

300. Resnick B, Orwig D, Yu-Yahiro J, et al. Testing the effectiveness of the exercise plus 

program in older women post-hip fracture. Ann Behav Med Publ Soc Behav Med. 

2007;34(1):67-76. doi:10.1007/BF02879922 

301. Jones GR, Jakobi JM, Taylor AW, Petrella RJ, Vandervoort AA. Community exercise 

program for older adults recovering from hip fracture: a pilot study. J Aging Phys Act. 

2006;14(4):439-455. doi:10.1123/japa.14.4.439 

302. Peterson MGE, Ganz SB, Allegrante JP, Cornell CN. High-Intensity Exercise Training 

Following Hip Fracture: Top Geriatr Rehabil. 2004;20(4):273-284. doi:10.1097/00013614-

200410000-00007 

303. Miller MD, Crotty M, Whitehead C, Bannerman E, Daniels LA. Nutritional 

supplementation and resistance training in nutritionally at risk older adults following lower 

limb fracture: a randomized controlled trial. Clin Rehabil. 2006;20(4):311-323. 

doi:10.1191/0269215506cr942oa 

304. Maddalozzo GF, Widrick JJ, Cardinal BJ, Winters-Stone KM, Hoffman MA, Snow CM. 

The effects of hormone replacement therapy and resistance training on spine bone mineral 

density in early postmenopausal women. Bone. 2007;40(5):1244-1251. 

doi:10.1016/j.bone.2006.12.059 

305. Portegijs E, Kallinen M, Rantanen T, et al. Effects of resistance training on lower-

extremity impairments in older people with hip fracture. Arch Phys Med Rehabil. 

2008;89(9):1667-1674. doi:10.1016/j.apmr.2008.01.026 

306. Hourigan SR, Nitz JC, Brauer SG, O’Neill S, Wong J, Richardson CA. Positive effects of 

exercise on falls and fracture risk in osteopenic women. Osteoporos Int J Establ Result Coop 

Eur Found Osteoporos Natl Osteoporos Found USA. 2008;19(7):1077-1086. 

doi:10.1007/s00198-007-0541-7 



 

 155 

307. Latham NK, Harris BA, Bean JF, et al. Effect of a home-based exercise program on 

functional recovery following rehabilitation after hip fracture: a randomized clinical trial. 

JAMA. 2014;311(7):700-708. doi:10.1001/jama.2014.469 

308. Bolton KL, Egerton T, Wark J, et al. Effects of exercise on bone density and falls risk 

factors in post-menopausal women with osteopenia: a randomised controlled trial. J Sci Med 

Sport. 2012;15(2):102-109. doi:10.1016/j.jsams.2011.08.007 

309. Korpelainen R, Keinänen-Kiukaanniemi S, Heikkinen J, Väänänen K, Korpelainen J. 

Effect of exercise on extraskeletal risk factors for hip fractures in elderly women with low 

BMD: a population-based randomized controlled trial. J Bone Miner Res Off J Am Soc Bone 

Miner Res. 2006;21(5):772-779. doi:10.1359/jbmr.060116 

310. Korpelainen R, Keinänen-Kiukaanniemi S, Heikkinen J, Väänänen K, Korpelainen J. 

Effect of impact exercise on bone mineral density in elderly women with low BMD: a 

population-based randomized controlled 30-month intervention. Osteoporos Int J Establ 

Result Coop Eur Found Osteoporos Natl Osteoporos Found USA. 2006;17(1):109-118. 

doi:10.1007/s00198-005-1924-2 

311. Iwamoto J, Takeda T, Ichimura S. Effect of exercise training and detraining on bone 

mineral density in postmenopausal women with osteoporosis. J Orthop Sci Off J Jpn Orthop 

Assoc. 2001;6(2):128-132. doi:10.1007/s007760100059 

312. Mangione KK, Craik RL, Tomlinson SS, Palombaro KM. Can elderly patients who have 

had a hip fracture perform moderate- to high-intensity exercise at home? Phys Ther. 

2005;85(8):727-739. 

313. Nawrat-Szołtysik A, Miodońska Z, Opara J, Polak A, Matyja B, Małecki A. Effect of 

Physical Activity on the Quality of Life in Osteoporotic Females Living in Residential 

Facilities: A Randomized Controlled Trial. J Geriatr Phys Ther 2001. 2019;42(2):98-104. 

doi:10.1519/JPT.0000000000000154 

314. Fiatarone MA, O’Neill EF, Ryan ND, et al. Exercise training and nutritional 

supplementation for physical frailty in very elderly people. N Engl J Med. 

1994;330(25):1769-1775. doi:10.1056/NEJM199406233302501 

315. Seynnes O, Fiatarone Singh MA, Hue O, Pras P, Legros P, Bernard PL. Physiological 

and functional responses to low-moderate versus high-intensity progressive resistance 

training in frail elders. J Gerontol A Biol Sci Med Sci. 2004;59(5):503-509. 

doi:10.1093/gerona/59.5.m503 

316. Paterson DH, Jones GR, Rice CL. Ageing and physical activity: evidence to develop 

exercise recommendations for older adults. Can J Public Health Rev Can Sante Publique. 

2007;98 Suppl 2:S69-108. 



 

 156 

317. Frank-Wilson AW, Farthing JP, Chilibeck PD, et al. Lower leg muscle density is 

independently associated with fall status in community-dwelling older adults. Osteoporos 

Int. 2016;27(7):2231-2240. doi:10.1007/s00198-016-3514-x 

318. Gautschi OP, Stienen MN, Corniola MV, et al. Assessment of the Minimum Clinically 

Important Difference in the Timed Up and Go Test After Surgery for Lumbar Degenerative 

Disc Disease. Neurosurgery. 2017;80(3):380-385. doi:10.1227/NEU.0000000000001320 

319. Wright AA, Cook CE, Baxter GD, Dockerty JD, Abbott JH. A Comparison of 3 

Methodological Approaches to Defining Major Clinically Important Improvement of 4 

Performance Measures in Patients With Hip Osteoarthritis. J Orthop Sports Phys Ther. 

2011;41(5):319-327. doi:10.2519/jospt.2011.3515 

320. Bouxsein ML, Eastell R, Lui LY, et al. Change in Bone Density and Reduction in 

Fracture Risk: A Meta-Regression of Published Trials. J Bone Miner Res Off J Am Soc 

Bone Miner Res. 2019;34(4):632-642. doi:10.1002/jbmr.3641 

321. Harding AT, Weeks BK, Lambert C, Watson SL, Weis LJ, Beck BR. A Comparison of 

Bone‐Targeted Exercise Strategies to Reduce Fracture Risk in Middle‐Aged and Older Men 

with Osteopenia and Osteoporosis: LIFTMOR‐M Semi‐Randomized Controlled Trial. J 

Bone Miner Res. 2020;35(8):1404-1414. doi:10.1002/jbmr.4008 

322. Saeidifard F, Medina-Inojosa JR, West CP, et al. The association of resistance training 

with mortality: A systematic review and meta-analysis. Eur J Prev Cardiol. 

2019;26(15):1647-1665. doi:10.1177/2047487319850718 

323. Stamatakis E, Lee IM, Bennie J, et al. Does Strength-Promoting Exercise Confer Unique 

Health Benefits? A Pooled Analysis of Data on 11 Population Cohorts With All-Cause, 

Cancer, and Cardiovascular Mortality Endpoints. Am J Epidemiol. 2018;187(5):1102-1112. 

doi:10.1093/aje/kwx345 

324. Raymond MJ, Bramley-Tzerefos RE, Jeffs KJ, Winter A, Holland AE. Systematic review 

of high-intensity progressive resistance strength training of the lower limb compared with 

other intensities of strength training in older adults. Arch Phys Med Rehabil. 

2013;94(8):1458-1472. doi:10.1016/j.apmr.2013.02.022 

325. Steib S, Schoene D, Pfeifer K. Dose-response relationship of resistance training in older 

adults: a meta-analysis. Med Sci Sports Exerc. 2010;42(5):902-914. 

doi:10.1249/MSS.0b013e3181c34465 

326. Burton E, Farrier K, Lewin G, et al. Motivators and Barriers for Older People 

Participating in Resistance Training: A Systematic Review. J Aging Phys Act. 

2017;25(2):311-324. doi:10.1123/japa.2015-0289 

327. Burton CD, Entwistle VA, Elliott AM, Krucien N, Porteous T, Ryan M. The value of 

different aspects of person-centred care: a series of discrete choice experiments in people 



 

 157 

with long-term conditions. BMJ Open. 2017;7(4):e015689. doi:10.1136/bmjopen-2016-

015689 

328. Chen BL, Zhong Y, Huang YL, et al. Systematic back muscle exercise after percutaneous 

vertebroplasty for spinal osteoporotic compression fracture patients: a randomized controlled 

trial. Clin Rehabil. 2012;26(6):483-492. doi:10.1177/0269215511423557 

329. Deng D, Lian Z, Cui W, Liang H, Xiao L, Yao G. Function of low back muscle exercise : 

Preventive effect of refracture analysis of postoperative vertebral fractures. Orthopade. 

2019;48(4):337-342. doi:10.1007/s00132-018-3577-9 

330. Koevska V, Nikolikj-Dimitrova E, Mitrevska B, Gjeracaroska-Savevska C, Gocevska M, 

Kalcovska B. Effect of Exercises on Quality of Life in Patients with Postmenopausal 

Osteoporosis - Randomized Trial. Open Access Maced J Med Sci. 2019;7(7):1160-1165. 

doi:10.3889/oamjms.2019.271 

331. Renerts K, Fischer K, Dawson-Hughes B, et al. Effects of a simple home exercise 

program and vitamin D supplementation on health-related quality of life after a hip fracture: 

a randomized controlled trial. Qual Life Res Int J Qual Life Asp Treat Care Rehabil. 

2019;28(5):1377-1386. doi:10.1007/s11136-019-02100-4 

332. Hernlund E, Svedbom A, Ivergård M, et al. Osteoporosis in the European Union: medical 

management, epidemiology and economic burden. A report prepared in collaboration with 

the International Osteoporosis Foundation (IOF) and the European Federation of 

Pharmaceutical Industry Associations (EFPIA). Arch Osteoporos. 2013;8(1-2):136-1. Epub 

2013 Oct 11. doi:10.1007/s11657-013-0136-1 

333. Rahman NNAA, Singh DKA, Lee R. Correlation between thoracolumbar curvatures and 

respiratory function in older adults. Clin Interv Aging. 2017;12(Journal Article):523-529. 

doi:10.2147/CIA.S110329 

334. Sinaki M, Brey RH, Hughes CA, Larson DR, Kaufman KR. Balance disorder and 

increased risk of falls in osteoporosis and kyphosis: significance of kyphotic posture and 

muscle strength. Osteoporos Int J Establ Result Coop Eur Found Osteoporos Natl 

Osteoporos Found USA. 2005;16(8):1004-1010. doi:10.1007/s00198-004-1791-2 

335. Schneider DL, von Mühlen D, Barrett-Connor E, Sartoris DJ. Kyphosis does not equal 

vertebral fractures: the Rancho Bernardo study. J Rheumatol. 2004;31(4):747-752. 

336. Birnbaum K, Siebert CH, Hinkelmann J, Prescher A, Niethard FU. Correction of 

kyphotic deformity before and after transection of the anterior longitudinal ligament – a 

cadaver study. Arch Orthop Trauma Surg. 2001;121(3):142-147. 

doi:10.1007/s004020000193 

337. Hinman MR. Comparison of thoracic kyphosis and postural stiffness in younger and 

older women. Spine J. 2004;4(4):413-417. doi:10.1016/j.spinee.2004.01.002 



 

 158 

338. Manns RA, Haddaway MJ, McCall IW, Cassar Pullicino V, Davie MWJ. The relative 

contribution of disc and vertebral morphometry to the angle of kyphosis in asymptomatic 

subjects. Clin Radiol. 1996;51(4):258-262. doi:10.1016/S0009-9260(96)80342-4 

339. Itoi E, Sinaki M. Effect of back-strengthening exercise on posture in healthy women 49 

to 65 years of age. Mayo Clin Proc. 1994;69(11):1054-1059. 

340. Sinaki M, Itoi E, Rogers JW, Bergstralh EJ, Wahner HW. Correlation of back extensor 

strength with thoracic kyphosis and lumbar lordosis in estrogen-deficient women. Am J Phys 

Med Rehabil. 1996;75(5):370-374. doi:10.1097/00002060-199609000-00013 

341. Sinaki M, Itoi E, Wahner HW, et al. Stronger back muscles reduce the incidence of 

vertebral fractures: a prospective 10 year follow-up of postmenopausal women. Bone. 

2002;30(6):836-841. 

342. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated 

guideline for reporting systematic reviews. BMJ. Published online March 29, 2021:n71. 

doi:10.1136/bmj.n71 

343. Riva JJ, Malik KMP, Burnie SJ, Endicott AR, Busse JW. What is your research question? 

An introduction to the PICOT format for clinicians. J Can Chiropr Assoc. 2012;56(3):167-

171. 

344. Greendale GA, Huang MH, Karlamangla AS, Seeger L, Crawford S. Yoga Decreases 

Kyphosis in Senior Women and Men with Adult-Onset Hyperkyphosis: Results of a 

Randomized Controlled Trial. J Am Geriatr Soc. 2009;57(9):1569-1579. doi:10.1111/j.1532-

5415.2009.02391.x 

345. Korovessis P, Petsinis G, Papazisis Z, Baikousis A. Prediction of thoracic kyphosis using 

the Debrunner kyphometer. J Spinal Disord. 2001;14(1):67-72. doi:10.1097/00002517-

200102000-00010 

346. Barrett E, McCreesh K, Lewis J. Reliability and validity of non-radiographic methods of 

thoracic kyphosis measurement: a systematic review. Man Ther. 2014;19(1):10-17. 

doi:10.1016/j.math.2013.09.003 

347. Ponzano M, Rodrigues IB, Hosseini Z, et al. Progressive Resistance Training for 

Improving Health-Related Outcomes in People at Risk of Fracture: A Systematic Review 

and Meta-Analysis of Randomized Controlled Trials. Phys Ther. 2021;101(2):pzaa221. 

doi:10.1093/ptj/pzaa221 

348. Rodrigues IB, Ponzano M, Butt DA, et al. The Effects of Walking or Nordic Walking in 

Adults 50 Years and Older at Elevated Risk of Fractures: A Systematic Review and Meta-

Analysis. J Aging Phys Act. 2021;29(5):886-899. doi:10.1123/japa.2020-0262 



 

 159 

349. O’Neill J, Tabish H, Welch V, et al. Applying an equity lens to interventions: using 

PROGRESS ensures consideration of socially stratifying factors to illuminate inequities in 

health. J Clin Epidemiol. 2014;67(1):56-64. 

350. Deeks J, Higgins JPT, Altman DG. Analysing data and undertaking meta-analyses. In: 

Cochrane Handbook for Systematic Reviews of Interventions Version 6.2. ; 2021. 

www.training.cochrane.org/handbook 

351. Higgins JPT, Altman DG. Assessing Risk of Bias in Included Studies. Cochrane Handb 

Syst Rev Interv. 2008;(Generic):187-241. doi:10.1002/9780470712184.ch8 

352. Jang HJ, Kim MJ, Kim SY. Effect of thorax correction exercises on flexed posture and 

chest function in older women with age-related hyperkyphosis. J Phys Ther Sci. 

2015;27(4):1161-1164. doi:10.1589/jpts.27.1161 

353. Sinaki M, Brey RH, Hughes CA, Larson DR, Kaufman KR. Significant reduction in risk 

of falls and back pain in osteoporotic-kyphotic women through a Spinal Proprioceptive 

Extension Exercise Dynamic (SPEED) program. Mayo Clin Proc. 2005;80(7):849-855. 

doi:10.4065/80.7.849 

354. Katzman WB, Sellmeyer DE, Stewart AL, Wanek L, Hamel KA. Changes in flexed 

posture, musculoskeletal impairments, and physical performance after group exercise in 

community-dwelling older women. Arch Phys Med Rehabil. 2007;88(2):192-199. 

doi:10.1016/j.apmr.2006.10.033 

355. Katzman WB, Parimi N, Gladin A, et al. Sex differences in response to targeted kyphosis 

specific exercise and posture training in community-dwelling older adults: a randomized 

controlled trial. BMC Musculoskelet Disord. 2017;18(1):509. doi:10.1186/s12891-017-1862-

0 

356. Senthil P, Sudhakar S, Radhakrishnan R, Jeyakumar S. Efficacy of corrective exercise 

strategy in subjects with hyperkyphosis. J Back Musculoskelet Rehabil. 2017;30(6):1285-

1289. doi:10.3233/BMR-169668 

357. Sinaki M, Lynn SG. Reducing the risk of falls through proprioceptive dynamic posture 

training in osteoporotic women with kyphotic posturing: a randomized pilot study. Am J 

Phys Med Rehabil. 2002;81(4):241-246. doi:10.1097/00002060-200204000-00001 

358. Katzman WB, Vittinghoff E, Lin F, et al. Targeted spine strengthening exercise and 

posture training program to reduce hyperkyphosis in older adults: results from the study of 

hyperkyphosis, exercise, and function (SHEAF) randomized controlled trial. Osteoporos Int. 

2017;28(10):2831-2841. doi:10.1007/s00198-017-4109-x 

359. Karakasidou P, Skordilis E, Lyritis G. Motor control exercise can reduce pain and 

kyphosis in osteoporotic women with vertebral fractures: A randomized controlled trial. Rev 

Clin Pharmacol Pharmacokinetics Int Edn. 2013;27:95. 



 

 160 

360. Bautmans I, Van Arken J, Van Mackelenberg M, Mets T. Rehabilitation using manual 

mobilization for thoracic kyphosis in elderly postmenopausal patients with osteoporosis. J 

Rehabil Med. 2010;42(2):129-135. doi:10.2340/16501977-0486 

361. Abreu D, Matos M, Costa G, Trevisan D, da Costa J. The effect of physical exercise on 

thoracic hyperkyphosis in osteoporotic elderly women. Osteoporos Int. 2012;23(Suppl 

2):S23. 

362. Renno ACM, Granito RN, Driusso P, Costa D, Oishi J. Effects of an exercise program on 

respiratory function, posture and on quality of life in osteoporotic women: a pilot study. 

Physiotherapy. 2005;91(2):113-118. doi:10.1016/j.physio.2004.09.020 

363. Kaijser Alin C, Uzunel E, Grahn Kronhed AC, Alinaghizadeh H, Salminen H. Effect of 

treatment on back pain and back extensor strength with a spinal orthosis in older women 

with osteoporosis: a randomized controlled trial. Arch Osteoporos. 2019;14(1):5. 

doi:10.1007/s11657-018-0555-0 

364. Bulut D, Dilek B, Kılınç A, Ellidokuz H, Öncel S. An investigation into the effects of 

kinesiotaping for posture correction on kyphosis angle, pain, and balance in patients with 

postmenopausal osteoporosis-associated thoracic kyphosis. Arch Osteoporos. 2019;14(1):89. 

doi:10.1007/s11657-019-0634-x 

365. Hanuszkiewicz J, Malicka I, Barczyk-Pawelec K, Woźniewski M. Effects of selected 

forms of physical activity on body posture in the sagittal plane in women post breast cancer 

treatment. J Back Musculoskelet Rehabil. 2015;28(1):35-42. doi:10.3233/BMR-140487 

366. Benedetti MG, Berti L, Presti C, Frizziero A, Giannini S. Effects of an adapted physical 

activity program in a group of elderly subjects with flexed posture: clinical and instrumental 

assessment. J Neuroengineering Rehabil. 2008;5:32. doi:10.1186/1743-0003-5-32 

367. Jang HJ, Hughes LC, Oh DW, Kim SY. Effects of Corrective Exercise for Thoracic 

Hyperkyphosis on Posture, Balance, and Well-Being in Older Women: A Double-Blind, 

Group-Matched Design. J Geriatr Phys Ther 2001. 2019;42(3):E17-E27. 

doi:10.1519/JPT.0000000000000146 

368. Shahtahmassebi B, Hebert JJ, Hecimovich MD, Fairchild TJ. Associations between trunk 

muscle morphology, strength and function in older adults. Sci Rep. 2017;7(1):10907. 

doi:10.1038/s41598-017-11116-0 

369. Grabiner MD, Donovan S, Bareither ML, et al. Trunk kinematics and fall risk of older 

adults: translating biomechanical results to the clinic. J Electromyogr Kinesiol Off J Int Soc 

Electrophysiol Kinesiol. 2008;18(2):197-204. doi:10.1016/j.jelekin.2007.06.009 

370. Kyrdalen IL, Thingstad P, Sandvik L, Ormstad H. Associations between gait speed and 

well-known fall risk factors among community-dwelling older adults. Physiother Res Int J 

Res Clin Phys Ther. 2019;24(1):e1743. doi:10.1002/pri.1743 



 

 161 

371. McLaughlin EC, El-Kotob R, Chaput JP, et al. Balance and functional training and health 

in adults: an overview of systematic reviews. Appl Physiol Nutr Metab Physiol Appl Nutr 

Metab. 2020;45(10 (Suppl. 2)):S180-S196. doi:10.1139/apnm-2020-0279 

372. Salaffi F, Stancati A, Silvestri CA, Ciapetti A, Grassi W. Minimal clinically important 

changes in chronic musculoskeletal pain intensity measured on a numerical rating scale. Eur 

J Pain Lond Engl. 2004;8(4):283-291. doi:10.1016/j.ejpain.2003.09.004 

373. Sangtarash F, Manshadi FD, Sadeghi A. The relationship of thoracic kyphosis to gait 

performance and quality of life in women with osteoporosis. Osteoporos Int J Establ Result 

Coop Eur Found Osteoporos Natl Osteoporos Found USA. 2015;26(8):2203-2208. 

doi:10.1007/s00198-015-3143-9 

374. Ziebart C, McArthur C, Lee L, et al. “Left to my own devices, I don’t know”: using 

theory and patient-reported barriers to move from physical activity recommendations to 

practice. Osteoporos Int. 2018;29(5):1081-1091. doi:10.1007/s00198-018-4390-3 

375. McArthur C, Ziebart C, Papaioannou A, et al. “We get them up, moving, and out the 

door. How do we get them to do what is recommended?” Using behaviour change theory to 

put exercise evidence into action for rehabilitation professionals. Arch Osteoporos. 

2018;13(1):7. doi:10.1007/s11657-018-0419-7 

376. Kuo YL, Tully EA, Galea MP. Sagittal spinal posture after Pilates-based exercise in 

healthy older adults. Spine. 2009;34(10):1046-1051. doi:10.1097/BRS.0b013e31819c11f8 

377. Griffith JF. Identifying osteoporotic vertebral fracture. Quant Imaging Med Surg. 

2015;5(4):11. 

378. Cooper C, Atkinson EJ, Jacobsen SJ, O’Fallon WM, Melton LJ. Population-Based Study 

of Survival after Osteoporotic Fractures. Am J Epidemiol. 1993;137(9):1001-1005. 

doi:10.1093/oxfordjournals.aje.a116756 

379. Cauley JA, Thompson DE, Ensrud KC, Scott JC, Black D. Risk of Mortality Following 

Clinical Fractures. Osteoporos Int. 2000;11(7):556-561. doi:10.1007/s001980070075 

380. Milne JS, Lauder IJ. The relationship of kyphosis to the shape of vertebral bodies. Ann 

Hum Biol. 1976;3(2):173-179. doi:10.1080/03014467600001281 

381. Goh S, Price RI, Leedman PJ, Singer KP. The relative influence of vertebral body and 

intervertebral disc shape on thoracic kyphosis. Clin Biomech. 1999;14(7):439-448. 

doi:10.1016/S0268-0033(98)00105-3 

382. Bonner Jr. FJ, Sinaki M, Grabois M, et al. Health Professional’s Guide to Rehabilitation 

of the Patient with Osteoporosis. Osteoporos Int. 2003;14(0):1-22. doi:10.1007/s00198-002-

1308-9 



 

 162 

383. Giangregorio LM, McGill S, Wark JD, et al. Too Fit To Fracture: outcomes of a Delphi 

consensus process on physical activity and exercise recommendations for adults with 

osteoporosis with or without vertebral fractures. Osteoporos Int. 2015;26(3):891-910. 

doi:10.1007/s00198-014-2881-4 

384. Ebeling PR, Akesson K, Bauer DC, et al. The Efficacy and Safety of Vertebral 

Augmentation: A Second ASBMR Task Force Report. J Bone Miner Res. 2019;34(1):3-21. 

doi:10.1002/jbmr.3653 

385. Stanghelle B, Bentzen H, Giangregorio L, Pripp AH, Skelton DA, Bergland A. Effects of 

a resistance and balance exercise programme on physical fitness, health-related quality of 

life and fear of falling in older women with osteoporosis and vertebral fracture: a randomized 

controlled trial. Osteoporos Int. 2020;31(6):1069-1078. doi:10.1007/s00198-019-05256-4 

386. Gibbs JC, McArthur C, Wark JD, et al. The Effects of Home Exercise in Older Women 

With Vertebral Fractures: A Pilot Randomized Controlled Trial. Phys Ther. 

2020;100(4):662-676. doi:10.1093/ptj/pzz188 

387. Ponzano M, Tibert N, Bansal S, Katzman W, Giangregorio L. Exercise for improving 

age-related hyperkyphosis: a systematic review and meta-analysis with GRADE assessment. 

Arch Osteoporos. 2021;16(1):140. doi:10.1007/s11657-021-00998-3 

388. Abenhaim L, Rossignol M, Valat J, et al. The Role of Activity in the Therapeutic 

Management of Back Pain: Report of the International Paris Task Force on Back Pain. Spine. 

2000;25(Supplement):1S-33S. doi:10.1097/00007632-200002151-00001 

389. Chilibeck PD, Vatanparast H, Cornish SM, Abeysekara S, Charlesworth S. Evidence-

based risk assessment and recommendations for physical activity: arthritis, osteoporosis, and 

low back pain 1 This paper is one of a selection of papers published in the Special Issue 

entitled Evidence-based risk assessment and recommendations for physical activity 

clearance, and has undergone the Journal’s usual peer-review process. Appl Physiol Nutr 

Metab. 2011;36(S1):S49-S79. doi:10.1139/h11-037 

390. Negrini S, Giovannoni S, Minozzi S, et al. Diagnostic therapeutic flow-charts for low 

back pain patients: the Italian clinical guidelines. Eur Medicophysica. 2006;42(2):151-170. 

391. Qaseem A, Wilt TJ, McLean RM, Forciea MA, for the Clinical Guidelines Committee of 

the American College of Physicians. Noninvasive Treatments for Acute, Subacute, and 

Chronic Low Back Pain: A Clinical Practice Guideline From the American College of 

Physicians. Ann Intern Med. 2017;166(7):514. doi:10.7326/M16-2367 

392. Giangregorio LM, Papaioannou A, MacIntyre NJ, et al. Too Fit To Fracture: exercise 

recommendations for individuals with osteoporosis or osteoporotic vertebral fracture. 

Osteoporos Int. 2014;25(3):821-835. doi:10.1007/s00198-013-2523-2 

393. Fitch K, ed. The Rand/UCLA Appropriateness Method User’s Manual. Rand; 2001. 



 

 163 

394. Peckett K, Ponzano M, Steinke A, Giangregorio LM. The Effects of Bracing and Taping 

Interventions for Individuals with Vertebral Fragility Fractures: A Systematic Review of 

Randomized Controlled Trials. Rev. 

395. on behalf of the PROVE trial group, Barker KL, Newman M, et al. Physiotherapy 

rehabilitation for osteoporotic vertebral fracture—a randomised controlled trial and 

economic evaluation (PROVE trial). Osteoporos Int. 2020;31(2):277-289. 

doi:10.1007/s00198-019-05133-0 

396. Katzman WB, Vittinghoff E, Kado DM, et al. Study of Hyperkyphosis, Exercise and 

Function (SHEAF) Protocol of a Randomized Controlled Trial of Multimodal Spine-

Strengthening Exercise in Older Adults With Hyperkyphosis. Phys Ther. 2016;96(3):371-

381. doi:10.2522/ptj.20150171 

397. Giangregorio LM, Thabane L, Adachi JD, et al. Build Better Bones With Exercise: 

Protocol for a Feasibility Study of a Multicenter Randomized Controlled Trial of 12 Months 

of Home Exercise in Women With a Vertebral Fracture. Phys Ther. 2014;94(9):1337-1352. 

doi:10.2522/ptj.20130625 

398. Krippendorff K. Content Analysis: An Introduction to Its Methodology. 2nd ed. Sage; 

2004. 

399. Tibert N, Ponzano M, Brien S, et al. Non-pharmacological Management of Osteoporotic 

Vertebral Fractures: A Qualitative Analysis of Patient Perspectives and Experiences. 

submitted. 

400. Tibert N, Ponzano M, Brien S, et al. Non-pharmacological Management of Osteoporotic 

Vertebral Fractures: A Qualitative Analysis of Health-Care Professional Perspectives and 

Experiences. submitted. 

401. Dietitian of Canada. Dietitians in Primary Health Care: A Pan-Canadian Environmental 

Scan. http://www.dietitians.ca/DietitiansOfCanada/media/Documents/Resources/2018-

Executive-Summary-Dietitians-in-Primary-Health-Care-A-Pan-Canadian-Environmental-

Scan.pdf 

402. Tricco AC, Thomas SM, Veroniki AA, et al. Comparisons of Interventions for Preventing 

Falls in Older Adults: A Systematic Review and Meta-analysis. JAMA. 2017;318(17):1687. 

doi:10.1001/jama.2017.15006 

403. McArthur C, Gibbs JC, Ashe MC, et al. The association between trunk muscle 

endurance, balance and falls self-efficacy in women with osteoporotic vertebral fractures: an 

exploratory analysis from a pilot randomized controlled trial. Disabil Rehabil. 

2021;43(16):2268-2274. doi:10.1080/09638288.2019.1696418 

404. Arnold CM, Busch AJ, Schachter CL, Harrison L, Olszynski W. The Relationship of 

Intrinsic Fall Risk Factors to a Recent History of Falling in Older Women With 



 

 164 

Osteoporosis. J Orthop Sports Phys Ther. 2005;35(7):452-460. 

doi:10.2519/jospt.2005.35.7.452 

405. Dargent-Molina P, Favier F, Grandjean H, et al. Fall-related factors and risk of hip 

fracture: the EPIDOS prospective study. The Lancet. 1996;348(9021):145-149. 

doi:10.1016/S0140-6736(96)01440-7 

406. Bonjour JP. Dietary Protein: An Essential Nutrient For Bone Health. J Am Coll Nutr. 

2005;24(sup6):526S-536S. doi:10.1080/07315724.2005.10719501 

407. Sahni S, Cupples LA, Mclean RR, et al. Protective effect of high protein and calcium 

intake on the risk of hip fracture in the framingham offspring cohort. J Bone Miner Res. 

2010;25(12):2770-2776. doi:10.1002/jbmr.194 

408. Sahni S, Mangano KM, McLean RR, Hannan MT, Kiel DP. Dietary Approaches for 

Bone Health: Lessons from the Framingham Osteoporosis Study. Curr Osteoporos Rep. 

2015;13(4):245-255. doi:10.1007/s11914-015-0272-1 

409. Pamuk ER, Williamson DF, Serdula MK, Madans J, Byers TE. Weight loss and 

subsequent death in a cohort of U.S. adults. Ann Intern Med. 1993;119(7 Pt 2):744-748. 

doi:10.7326/0003-4819-119-7_part_2-199310011-00023 

410. Launer LJ. Body Mass Index, Weight Change, and Risk of Mobility Disability in Middle-

aged and Older Women: The Epidemiologic Follow-up Study of NHANES I. JAMA. 

1994;271(14):1093. doi:10.1001/jama.1994.03510380049036 

411. Wallace JI, Schwartz RS. Involuntary weight loss in elderly outpatients: recognition, 

etiologies, and treatment. Clin Geriatr Med. 1997;13(4):717-735. 

412. Lindsay R, Silverman SL, Cooper C, et al. Risk of new vertebral fracture in the year 

following a fracture. Jama. 2001;285(3):320-323. 

413. Cosman F, de Beur SJ, LeBoff MS, et al. Clinician’s Guide to Prevention and Treatment 

of Osteoporosis. Osteoporos Int J Establ Result Coop Eur Found Osteoporos Natl 

Osteoporos Found USA. 2014;25(10):2359-2381. doi:10.1007/s00198-014-2794-2 

414. Kado DM, Lui LY, Ensrud KE, et al. Hyperkyphosis predicts mortality independent of 

vertebral osteoporosis in older women. Ann Intern Med. 2009;150(10):681-687. 

doi:10.7326/0003-4819-150-10-200905190-00005 

415. Iyer S, Christiansen BA, Roberts BJ, Valentine MJ, Manoharan RK, Bouxsein ML. A 

biomechanical model for estimating loads on thoracic and lumbar vertebrae. Clin Biomech 

Bristol Avon. 2010;25(9):853-858. doi:10.1016/j.clinbiomech.2010.06.010 



 

 165 

416. Granacher U, Gollhofer A, Hortobágyi T, Kressig RW, Muehlbauer T. The Importance of 

Trunk Muscle Strength for Balance, Functional Performance, and Fall Prevention in Seniors: 

A Systematic Review. Sports Med. 2013;43(7):627-641. doi:10.1007/s40279-013-0041-1 

417. Gagliardi AR, Berta W, Kothari A, Boyko J, Urquhart R. Integrated knowledge 

translation (IKT) in health care: a scoping review. Implement Sci. 2015;11(1):38. 

doi:10.1186/s13012-016-0399-1 

418. Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M. Developing and 

evaluating complex interventions: the new Medical Research Council guidance. BMJ. 

Published online September 29, 2008:a1655. doi:10.1136/bmj.a1655 

419. Ma JK, Martin Ginis KA. A meta-analysis of physical activity interventions in people 

with physical disabilities: Content, characteristics, and effects on behaviour. Psychol Sport 

Exerc. 2018;37:262-273. doi:10.1016/j.psychsport.2018.01.006 

420. Michie S, Abraham C, Whittington C, McAteer J, Gupta S. Effective techniques in 

healthy eating and physical activity interventions: a meta-regression. Health Psychol Off J 

Div Health Psychol Am Psychol Assoc. 2009;28(6):690-701. doi:10.1037/a0016136 

421. Stallings SC, Boyer AP, Joosten YA, et al. A taxonomy of impacts on clinical and 

translational research from community stakeholder engagement. Health Expect. 

2019;22(4):731-742. doi:10.1111/hex.12937 

422. Ponzano M, Tibert N, Brien S, et al. International Consensus on the Non-

pharmacological Management of  Osteoporotic Vertebral Fractures. submitted. 

423. Cane J, O’Connor D, Michie S. Validation of the theoretical domains framework for use 

in behaviour change and implementation research. Implement Sci IS. 2012;7:37. 

doi:10.1186/1748-5908-7-37 

424. Michie S, Atkins L, West R. The Behaviour Change Wheel: A Guide to Designing 

Interventions$Susan Michie; Lou Atkins; Robert West. Silverback Publishing; 2014. 

425. Dohrn IM, Ståhle A, Roaldsen KS. “You Have to Keep Moving, Be Active”: Perceptions 

and Experiences of Habitual Physical Activity in Older Women With Osteoporosis. Phys 

Ther. 2016;96(3):361-370. doi:10.2522/ptj.20150131 

426. Rodrigues IB, Armstrong JJ, Adachi JD, MacDermid JC. Facilitators and barriers to 

exercise adherence in patients with osteopenia and osteoporosis: a systematic review. 

Osteoporos Int. 2017;28(3):735-745. doi:10.1007/s00198-016-3793-2 

427. Virzi RA. Refining the Test Phase of Usability Evaluation: How Many Subjects Is 

Enough? Hum Factors J Hum Factors Ergon Soc. 1992;34(4):457-468. 

doi:10.1177/001872089203400407 



 

 166 

428. Petrella AFM, Gill DP, Petrella RJ. Evaluation of the Get Active Questionnaire in 

community-dwelling older adults. Appl Physiol Nutr Metab Physiol Appl Nutr Metab. 

2018;43(6):587-594. doi:10.1139/apnm-2017-0489 

429. Sekhon M, Cartwright M, Francis JJ. Acceptability of healthcare interventions: an 

overview of reviews and development of a theoretical framework. BMC Health Serv Res. 

2017;17(1):88. doi:10.1186/s12913-017-2031-8 

430. Sidani S, Epstein DR, Fox M. Psychometric evaluation of a multi-dimensional measure 

of satisfaction with behavioral interventions. Res Nurs Health. 2017;40(5):459-469. 

doi:10.1002/nur.21808 

431. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. 

2006;3(2):77-101. doi:10.1191/1478088706qp063oa 

432. Gale NK, Heath G, Cameron E, Rashid S, Redwood S. Using the framework method for 

the analysis of qualitative data in multi-disciplinary health research. BMC Med Res 

Methodol. 2013;13(1):117. doi:10.1186/1471-2288-13-117 

433. Hsieh HF, Shannon SE. Three Approaches to Qualitative Content Analysis. Qual Health 

Res. 2005;15(9):1277-1288. doi:10.1177/1049732305276687 

434. Herdman M, Gudex C, Lloyd A, et al. Development and preliminary testing of the new 

five-level version of EQ-5D (EQ-5D-5L). Qual Life Res Int J Qual Life Asp Treat Care 

Rehabil. 2011;20(10):1727-1736. doi:10.1007/s11136-011-9903-x 

435. Xie F, Pullenayegum E, Gaebel K, et al. A Time Trade-off-derived Value Set of the EQ-

5D-5L for Canada. Med Care. 2016;54(1):98-105. doi:10.1097/MLR.0000000000000447 

436. Sniehotta FF, Scholz U, Schwarzer R. Action plans and coping plans for physical 

exercise: A longitudinal intervention study in cardiac rehabilitation. Br J Health Psychol. 

2006;11(Pt 1):23-37. doi:10.1348/135910705X43804 

437. Schwarzer R, Lippke S, Luszczynska A. Mechanisms of health behavior change in 

persons with chronic illness or disability: The Health Action Process Approach (HAPA). 

Rehabil Psychol. 2011;56(3):161-170. doi:10.1037/a0024509 

438. Latimer AE, Ginis KAM, Arbour KP. The efficacy of an implementation intention 

intervention for promoting physical activity among individuals with spinal cord injury: A 

randomized controlled trial. Rehabil Psychol. 2006;51(4):273-280. doi:10.1037/0090-

5550.51.4.273 

439. Lippke S, Ziegelmann JP, Schwarzer R. Initiation and Maintenance of Physical Exercise: 

Stage-Specific Effects of a Planning Intervention. Res Sports Med. 2004;12(3):221-240. 

doi:10.1080/15438620490497567 



 

 167 

440. Bland JM, Altman DG. Cronbach’s alpha. BMJ. 1997;314(7080):572. 

doi:10.1136/bmj.314.7080.572 

441. Tavakol M, Dennick R. Making sense of Cronbach’s alpha. Int J Med Educ. 2011;2:53-

55. doi:10.5116/ijme.4dfb.8dfd 

442. Sidani S, Braden CJ. Nursing and Health Interventions: Design, Evaluation and 

Implementation. Second edition. Wiley-Blackwell; 2021. 

443. Wainer A, Ingersoll B. Intervention fidelity: An essential component for understanding 

ASD parent training research and practice. Clin Psychol Sci Pract. 2013;20(3):335-357. 

doi:10.1111/cpsp.12045 

444. Aggarwal NK, Glass A, Tirado A, et al. The development of the DSM-5 Cultural 

Formulation Interview-Fidelity Instrument (CFI-FI): a pilot study. J Health Care Poor 

Underserved. 2014;25(3):1397-1417. doi:10.1353/hpu.2014.0132 

445. Forsberg S, Fitzpatrick KK, Darcy A, et al. Development and evaluation of a treatment 

fidelity instrument for family-based treatment of adolescent anorexia nervosa. Int J Eat 

Disord. 2015;48(1):91-99. doi:10.1002/eat.22337 

446. Hartley S, Scarratt P, Bucci S, et al. Assessing therapist adherence to recovery-focused 

cognitive behavioural therapy for psychosis delivered by telephone with support from a self-

help guide: psychometric evaluations of a new fidelity scale. Behav Cogn Psychother. 

2014;42(4):435-451. doi:10.1017/S135246581300026X 

447. Mars T, Ellard D, Carnes D, Homer K, Underwood M, Taylor SJC. Fidelity in complex 

behaviour change interventions: a standardised approach to evaluate intervention integrity. 

BMJ Open. 2013;3(11):e003555. doi:10.1136/bmjopen-2013-003555 

448. Campbell BK, Buti A, Fussell HE, Srikanth P, McCarty D, Guydish JR. Therapist 

predictors of treatment delivery fidelity in a community-based trial of 12-step facilitation. 

Am J Drug Alcohol Abuse. 2013;39(5):304-311. doi:10.3109/00952990.2013.799175 

449. Wojewodka G, Hurley S, Taylor SJC, Noble AJ, Ridsdale L, Goldstein LH. 

Implementation fidelity of a self-management course for epilepsy: method and assessment. 

BMC Med Res Methodol. 2017;17(1):100. doi:10.1186/s12874-017-0373-x 

450. Berkel C, Gallo CG, Sandler IN, Mauricio AM, Smith JD, Brown CH. Redesigning 

Implementation Measurement for Monitoring and Quality Improvement in Community 

Delivery Settings. J Prim Prev. 2019;40(1):111-127. doi:10.1007/s10935-018-00534-z 

451. Keller HH, Goy R, Kane SL. Validity and reliability of SCREEN II (Seniors in the 

community: risk evaluation for eating and nutrition, Version II). Eur J Clin Nutr. 

2005;59(10):1149-1157. doi:10.1038/sj.ejcn.1602225 



 

 168 

452. Clark RE, Milligan J, Ashe MC, et al. A patient-oriented approach to the development of 

a primary care physical activity screen for embedding into electronic medical records. Appl 

Physiol Nutr Metab Physiol Appl Nutr Metab. 2021;46(6):589-596. doi:10.1139/apnm-2020-

0356 

453. Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a measure of lower body 

strength in community-residing older adults. Res Q Exerc Sport. 1999;70(2):113-119. 

doi:10.1080/02701367.1999.10608028 

454. Guralnik JM, Simonsick EM, Ferrucci L, et al. A short physical performance battery 

assessing lower extremity function: association with self-reported disability and prediction of 

mortality and nursing home admission. J Gerontol. 1994;49(2):M85-94. 

doi:10.1093/geronj/49.2.m85 

455. Finkelstein J, Huo X, Parvanova I, Galsky M. Usability Inspection of a Mobile Cancer 

Telerehabilitation System. Stud Health Technol Inform. 2022;289:405-409. 

doi:10.3233/SHTI210944 

456. Ramachandran HJ, Jiang Y, Teo JYC, Yeo TJ, Wang W. Technology Acceptance of 

Home-Based Cardiac Telerehabilitation Programs in Patients With Coronary Heart Disease: 

Systematic Scoping Review. J Med Internet Res. 2022;24(1):e34657. doi:10.2196/34657 

457. Stephenson A, Howes S, Murphy PJ, et al. Factors influencing the delivery of 

telerehabilitation for stroke: A systematic review. Javadi AH, ed. PLOS ONE. 

2022;17(5):e0265828. doi:10.1371/journal.pone.0265828 

458. Subedi N, Rawstorn JC, Gao L, Koorts H, Maddison R. Implementation of 

Telerehabilitation Interventions for the Self-Management of Cardiovascular Disease: 

Systematic Review. JMIR MHealth UHealth. 2020;8(11):e17957. doi:10.2196/17957 

459. Piga M, Cangemi I, Mathieu A, Cauli A. Telemedicine for patients with rheumatic 

diseases: Systematic review and proposal for research agenda. Semin Arthritis Rheum. 

2017;47(1):121-128. doi:10.1016/j.semarthrit.2017.03.014 

460. Ponzano M, Tibert N, Brien S, et al. Impairments, Limitations and Restrictions after 

Osteoporotic Vertebral Fractures: A New ICF Core Set. in preparation. 

461. Marks R, Allegrante JP. A Review and Synthesis of Research Evidence for Self-Efficacy-

Enhancing Interventions for Reducing Chronic Disability: Implications for Health Education 

Practice (Part II). Health Promot Pract. 2005;6(2):148-156. doi:10.1177/1524839904266792 

462. Neupert SD, Lachman ME, Whitbourne SB. Exercise Self-Efficacy and Control Beliefs: 

Effects on Exercise Behavior after an Exercise Intervention for Older Adults. J Aging Phys 

Act. 2009;17(1):1-16. doi:10.1123/japa.17.1.1 



 

 169 

463. Sniehotta FF, Scholz U, Schwarzer R. Bridging the intention–behaviour gap: Planning, 

self-efficacy, and action control in the adoption and maintenance of physical exercise. 

Psychol Health. 2005;20(2):143-160. doi:10.1080/08870440512331317670 

464. Martineau P, Bazarjani S, Zuckier LS. Artifacts and Incidental Findings Encountered on 

Dual-Energy X-Ray Absorptiometry: Atlas and Analysis. Semin Nucl Med. 2015;45(5):458-

469. doi:10.1053/j.semnuclmed.2015.02.001 

465. Pool WH. Cartilage atrophy. Radiology. 1974;112(1):47-50. doi:10.1148/112.1.47 

466. Lewiecki EM. Osteoporosis: Clinical Evaluation. In: Feingold KR, Anawalt B, Boyce A, 

et al., eds. Endotext. MDText.com, Inc.; 2000. Accessed June 9, 2022. 

http://www.ncbi.nlm.nih.gov/books/NBK279049/ 

467. Kaya K, Aybay C, Ozel S, Kutay N, Gokkaya O. Evaluation of bone mineral density in 

patients with spinal cord injury. J Spinal Cord Med. 2006;29(4):396-401. 

doi:10.1080/10790268.2006.11753888 

468. Graham ID, Logan J, Harrison MB, et al. Lost in knowledge translation: time for a map? 

J Contin Educ Health Prof. 2006;26(1):13-24. doi:10.1002/chp.47 

469. Straus SE, Tetroe J, Graham ID, eds. Knowledge Translation in Health Care: Moving 

from Evidence to Practice. 2nd ed. Wiley/BMJ Books; 2013. 

470. Evidence-Based Medicine Working Group. Evidence-based medicine. A new approach to 

teaching the practice of medicine. JAMA. 1992;268(17):2420-2425. 

doi:10.1001/jama.1992.03490170092032 

471. Hofmeijer J. Evidence-based medical knowledge: the neglected role of expert opinion. J 

Eval Clin Pract. 2014;20(6):803-808. doi:10.1111/jep.12267 

472. Manji R, Ponzano M, Ashe MC, et al. Exploring the Association between Pain and 

Fracture Characteristics in Women with Osteoporotic Vertebral Fractures. Physiother Can. 

2022;74(2):165-172. doi:10.3138/ptc-2020-0067 

473. Kim KV, Bartley J, Ashe MC, et al. Effect of Yoga on Health-Related Outcomes in 

People at Risk of Fractures: A Systematic Review. Appl Physiol Nutr Metab. Published 

online December 16, 2021:apnm-2021-0736. doi:10.1139/apnm-2021-0736 

474. Rodrigues IB, Ponzano M, Hosseini Z, et al. The Effect of Impact Exercise (Alone or 

Multicomponent Intervention) on Health-Related Outcomes in Individuals at Risk of 

Fractures: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Sports 

Med. 2021;51(6):1273-1292. doi:10.1007/s40279-021-01432-x 



 

 170 

475. Perrier L, Mrklas K, Shepperd S, Dobbins M, McKibbon KA, Straus SE. Interventions 

Encouraging the Use of Systematic Reviews in Clinical Decision-Making: A Systematic 

Review. J Gen Intern Med. 2011;26(4):419-426. doi:10.1007/s11606-010-1506-7 

476. Perrier L, Mrklas K, Lavis JN, Straus SE. Interventions encouraging the use of systematic 

reviews by health policymakers and managers: a systematic review. Implement Sci IS. 

2011;6:43. doi:10.1186/1748-5908-6-43 

477. Spiteri K, Broom D, Hassan Bekhet A, Xerri de Caro J, Laventure B, Grafton K. Barriers 

and Motivators of Physical Activity Participation in Middle-Aged and Older Adults—A 

Systematic Review. J Aging Phys Act. 2019;27(6):929-944. doi:10.1123/japa.2018-0343 

478. Kunstler BE, Cook JL, Freene N, et al. Physiotherapists use a small number of behaviour 

change techniques when promoting physical activity: A systematic review comparing 

experimental and observational studies. J Sci Med Sport. 2018;21(6):609-615. 

doi:10.1016/j.jsams.2017.10.027 

479. Campbell AJ, Robertson MC, Gardner MM, Norton RN, Tilyard MW, Buchner DM. 

Randomised controlled trial of a general practice programme of home based exercise to 

prevent falls in elderly women. BMJ. 1997;315(7115):1065-1069. 

doi:10.1136/bmj.315.7115.1065 

480. Ashworth NL, Chad KE, Harrison EL, Reeder BA, Marshall SC. Home versus center 

based physical activity programs in older adults. Cochrane Musculoskeletal Group, ed. 

Cochrane Database Syst Rev. Published online January 24, 2005. 

doi:10.1002/14651858.CD004017.pub2 

481. Britt E, Hudson SM, Blampied NM. Motivational interviewing in health settings: a 

review. Patient Educ Couns. 2004;53(2):147-155. doi:10.1016/S0738-3991(03)00141-1 

482. Rubak S, Sandbaek A, Lauritzen T, Christensen B. Motivational interviewing: a 

systematic review and meta-analysis. Br J Gen Pract J R Coll Gen Pract. 2005;55(513):305-

312. 

483. Schwarzer R, Lippke S, Luszczynska A. Mechanisms of health behavior change in 

persons with chronic illness or disability: the Health Action Process Approach (HAPA). 

Rehabil Psychol. 2011;56(3):161-170. doi:10.1037/a0024509 

484. Glasgow RE, Harden SM, Gaglio B, et al. RE-AIM Planning and Evaluation Framework: 

Adapting to New Science and Practice With a 20-Year Review. Front Public Health. 

2019;7:64. doi:10.3389/fpubh.2019.00064 

 

Appendices 



171 

Appendices 

Appendix A 

Study manual study 1 

 

 
Study Manual 
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1. Potential sources of error during lumbar spine densitometry 

 

1.1 Is the DXA scan appropriate for BMD analysis?   

YES: ≥ 2 contiguous vertebrae are appropriate for analysis.  

NO: One of the following is present: 

a. Only 1 vertebra is appropriate for analysis 

b. ≥ 3 vertebrae with bone edges not clearly detectable 

c. Patent incorrectly positioned  

d. Heterotopic ossification across the first four lumbar vertebrae (L1-L4) 

e. Extraneous calcified tissue interfering with BMD analysis at ≥ 3 vertebrae 
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f. Degenerative joint disease ≥ 3 vertebrae 

g. Other potential sources of error that make the scan ineligible for analysis 

The International Society of Clinical Densitometry recommends that at least 2 adjacent vertebrae must be 

appropriate for BMD analysis.[1] If only one vertebra is appropriate for analysis, the scan is not valid for 

BMD-based diagnosis and other sites should be considered instead. [1] 

 

1.2 Should the DXA scan be re-analyzed? 

YES: One of the following potential sources of errors was present and the interested vertebra/ae 

was/were not excluded from the original analysis:  

a. ≥ 1 vertebra improperly numbered 

b. ≥ 1 vertebra has outlier/unexpected BMD values 

c. ≥ 1 vertebra with compression fracture has been included for BMD analysis 

d. ≥ 1 vertebra with visible orthopaedic hardware of indication of previous surgical procedures has 

been included for BMD analysis 

e. ≥ 1 vertebra with facet sclerosis or osteophytes has been included for BMD analysis 

f. Extraneous calcified tissue interfering with BMD analysis at ≤ 2 vertebrae 

g. Degenerative joint disease ≤ 2 vertebrae 

h. Other potential sources of error that suggest that the scan is re-analyzed 

NO: ≥ 2 contiguous vertebrae are appropriate for analysis and no other potential sources of errors are 

detected.  

 

1.3 Should the TBS scan be re-analyzed?   

YES: The region of interest was not properly identified.  

NO: The region of interest was properly identified, and no artifacts interfere with the TBS 

measurement. 

 

1.4 Should the DXA scan be removed from the dataset?   

YES: The structural components of the vertebrae are not clearly visible or several artifacts interfere 

with BMD assessment. 

NO: The structural components of the vertebrae are clearly visible and no artifacts interfere with BMD 

assessment. 

 

1.5 Are vertebrae properly numbered? 
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YES: The first four lumbar vertebrae (L1-L4) are properly labeled as in Figure 1.  

NO: Vertebrae were incorrectly labeled (e.g., T12 or L5 were included in the analysis). 

 

 

Figure 19 - Region of interest (ROI) at the lumbar spine for bone densitometry. 

1.6 Are 2 contiguous vertebrae appropriate for analysis?  

YES: There ≥ 2 contiguous vertebrae that do not present any potential sources of errors and that are 

appropriate for the measurement of BMD. Please check the box corresponding to each vertebra 

appropriate for BMD analysis. 

NO: There are < 2 contiguous vertebrae that do not present any potential sources of errors and that are 

appropriate for the measurement of BMD. 

 

1.7 Are there any regions or vertebrae that have outlier/unexpected BMD values?  

YES: There is > 1 T-score difference between a vertebra and the adjacent vertebrae.[1] Please check the 

box corresponding to the vertebra with outlier BMD value. 

NO: There is ≤ 1 T-score difference between a vertebra and the adjacent vertebrae. 

 

1.8 Were bone edges clearly detectable? 

YES: Vertebral borders are clearly visible in the scan.  

NO: Vertebral borders are not entirely visible, and the identification of the borders of ≥ 1 vertebrae is 

ambiguous. 

 

1.9 Do you think the patient was positioned correctly during the scan? 



 

 174 

YES 

NO: Please explain why the patient was not correctly positioned  

 

1.10 Are there any changes in vertebral morphometry?  

YES: Changes in vertebral morphometry are observable. 

NO: No changes in vertebral morphometry are observable. 

UNCLEAR: Changes in vertebral morphometry are suspected but not certain. 

 

1.11 Are there any visible compression fractures?  

YES: If a deformation is visible, please check the appropriate box corresponding to the location, and 

the boxes corresponding to the shape and the severity of the deformation, according to Figure 2.[2]  

NO: No vertebral deformities are visible. 

 

1.12 Are there any visible orthopaedic hardware or indication of previous surgical procedures? 

YES: Please provide details about the visible hardware. 

NO 

 

1.13 Are facet sclerosis or osteophytes observable? 

YES: If sclerosis or osteophytes are visible, please rate them according to the Kellgren and Lawrence 

scale:[3] 

GRADE 1 (doubtful): doubtful joint space narrowing and possible osteophytic lipping 

GRADE 2 (minimal): definite osteophytes and possible joint space narrowing 

GRADE 3 (moderate): moderate multiple osteophytes, definite narrowing of joint space and some 

sclerosis and possible deformity of bone ends 

GRADE 4 (severe): large osteophytes, marked narrowing of joint space, severe sclerosis and definite 

deformity of bone ends  

NO: No observable fact sclerosis or osteophytes. 

 

1.14 Are there any areas that present heterotopic ossification? 

YES: Heterotopic bone formation is observable.  

NO: No heterotopic bone. 
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1.15 Is degenerative joint disease observable anywhere in the scan (both within and outside the 

region of interest)? 

YES: Please provide details if applicable  

NO 

 

1.16 Is scoliosis observable anywhere in the scan (both within and outside the region of interest)? 

YES: Please provide details if applicable  

NO 

 

1.17 Is extraneous calcified tissue observable anywhere in the scan (both within and outside the 

region of interest)? 

YES: Please provide details if applicable 

NO 

 

 

 

Figure 20 - Semiquantitative grading of vertebral deformity. From Genant et al (1993).[2] 
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Appendix B 

Data collection form study 1 

 

 

 

LUMBAR SPINE 
 

  Comments 

Is the scan appropriate for 
BMD analysis? 

(If not, please explain the 
reasons) 

 Yes      No 

 

Should the DXA scan be 
re-analyzed? 

(If yes, please explain the 
reasons) 

 Yes      No 

 

Should the TBS scan be 
re-analyzed? 

(If yes, please explain the 
reasons) 

 Yes      No 

 
 

Should the DXA scan be 
removed from the 

dataset? 
(If yes, please explain the 

reasons) 

 Yes      No 
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  Comments 

Are vertebrae properly numbered?  
(e.g., not labeling L5) 

 Yes      No  

Are 3 contiguous vertebrae appropriate 
for analysis?  

(Check the vertebrae that are good for analysis) 

 

 Yes      No 

Check the vertebrae that 
are good for analysis: 

 
L1      L2 
 L3     L4 

 

 

 

Are there any regions or vertebrae that 
have outlier/unexpected BMD values?  
(Please check the vertebra or the region with 

abnormal BMD)  

 

 Yes      No 

If yes, where was BMD 
inconsistent?  

 L1      L2 
 L3      L4 

 L1-L2      L1-L3 
 L1-L4      L2-L3 
 L2-L4      L3-L4 

 

 

Should the TBS scan be 
removed from the 

dataset? 
(If yes, please explain the 

reasons) 

 Yes      No 
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Were bone edges clearly detectable?  Yes      No  

Do you think the patient was positioned 
correctly for the scan? 

 Yes      No  

 

 

 
  Comments 

Are there any changes in 
vertebral morphometry? 

 Yes      No 
 

 Unclear 

 

 

 

 

 

 
If yes:   Comments 

Are there any visible compression 
fractures? 

(Please refer to the auxiliary document for the 
explanation of deformity types and severity grade) 

 

 Yes      No 

If yes, location:  

 L1      L2 
 L3      L4 

 Multiple fractures 
 

  

If yes, deformity type: 

 Wedge  Crush       Biconcave   Non-detectable       

If so, severity Grade: 

 Grade 1  Grade 2       Grade 3  Non-detectable 
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Are there visible orthopaedic hardware or 

indication of previous surgical 
procedures? 

 

 

 Yes      No 

If yes, location:  

 L1      L2 
 L3      L4 

 

If yes: 

 Laminectomy  Hardware   Other (specify):   

 

Facet sclerosis or osteophytes  
(Please refer to the auxiliary document for the 

explanation of the Kellgren and Lawrence scale) 

 

 Yes      No 

If yes, location:  

 L1      L2 
 L3      L4 

 Multiple fractures 
 

 

Severity Grade: 

 Grade 1 (doubtful)   Grade 2 (minimal)  Grade 3 
(moderate)  Grade 4 (severe) 

Are there any areas that present 
heterotopic ossification? 

 Yes      No 
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Assessor Printed Name:      / /  

            Y    Y    Y     Y     M   M      D    D 

 

      Assessor Signature:    ______ 

Are any of the following present 
anywhere in the scan? 

 Comments 

Degenerative joint disease 

 

 Yes      No 

If yes, location:  

 Thoracic spine     
 Lumbar spine 

 

 

Scoliosis  Yes      No  

Extraneous calcified tissue 

 

 Yes      No 

If yes, location:  

 Aorta     
 Kidney  
 Ovary 
 Other (please specify)  

  

 

  Comments 

Are there other potential sources 
of error? (If yes, please explain in the 

comments box)  
 Yes      No 
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Appendix C 

Search strategy study 3 

• Total number of results:  

Total = 5880 results 

Total after deduplication = 3606 

Database breakdown 

• 797:  Cochrane Library (76 reviews, 721 trials) 

• 1476: OVID MEDLINE 

• 1789: OVID EMBASE 

• 627: CINAHL 

• 1191: Web of Science 

• Final search strategies: 

• MEDLINE and EMBASE 

Search conducted by Jackie Stapleton on September 5, 2018 

• MEDLINE: 1476 results 

• EMBASE: 1789 results 

• After duplicates removed:  2448 uploaded to Refworks 

 Searches Results 

1 
(osteopor* or osteopenia or low bone density or low bone mineral density or low bone mass or 

bone loss* or bone remodel$ing).ti,ab,kw.  

241620  

2 
((fragility or spine or spinal or vertebra* or hip* or femoral neck or compression) adj2 

fracture*).ti,ab,kw.  

85248  

3 
exp osteoporosis/ or bone density/ or exp bone remodeling/ or exp hip fractures/ or spinal 

fractures/ or fractures, compression/ or osteoporotic fractures/  

367527  

4 1 or 2 or 3  462714  

5 (older or elder or elderly or frail or senior* or middle age* or geriatric).ti,ab,kw.  1479583  
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6 middle aged/ or exp aged/  7975306  

7 5 or 6  8601363  

8 

(Exercis* or Physical activit* or Physical fitness or Weight bearing or Load bearing or Axial bearing 

or Running or Dancing or Stair climb* or treadmill* or walk or walking or weight lifting or yoga or 

pilates).ti,ab,kw.  

1070524  

9 
((Resistance or strength or strengthening or weight or high impact) adj2 (train* or 

exercis*)).ti,ab,kw.  

46265  

10 (Balance adj2 (exercis* or train*)).ti,ab,kw.  5378  

11 

exp exercise/ or exp sport/ or dancing/ or dance therapy/ or exp exercise therapy/ or weight 

bearing/ or osteoporosis/rh or walking/ or plyometric exercise/ or resistance training/ or yoga/ or 

postural balance/  

816263  

12 8 or 9 or 10 or 11  1410927  

13 (Meta analys* or metaanalys*).ti,ab,kw.  300903  

14 ((Systematic or methodologi*) adj5 (review* or overview*)).ti,ab,kw.  305899  

15 (Cochrane or Embase or Psyclit or Psychlit or Medline or pubmed).ab.  371844  

16 (quantitativ* adj5 synthesi*).ti,ab,kw.  6082  

17 ((pooled or pooling) and analys*).ti,ab,kw.  131815  

18 
(randomized controlled trial* or Randomised controlled trial* or rct or clinical trial* or (allocated 

adj2 random*)).ti,ab,kw.  

1109623  
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19 
Randomized controlled Trials as Topic/ or Randomized controlled trial/ or Random allocation/ or 

Double blind method/ or single blind method/ or exp Clinical trial/ or exp clinical trials as topic/  

2775433  

20 13 or 14 or 15 or 16 or 17 or 18 or 19  3686891  

21 4 and 7 and 12 and 20  3298  

22 exp animals/ not humans/  16126373  

23 21 not 22  2426  

24 23 not (case reports or letter or editorial or comment).pt.  2400  

25 24 use pmoz (MEDLINE results only) 1476  

26 
(osteopor* or osteopenia or low bone density or low bone mineral density or low bone mass or 

bone loss* or bone remodel$ing).ti,ab,kw.  

241620  

27 
((fragility or spine or spinal or vertebra* or hip* or femoral neck or compression) adj2 

fracture*).ti,ab,kw.  

85248  

28 
exp osteoporosis/ or osteopenia/ or bone density/ or bone remodeling/ or bone atrophy/ or bone 

demineralization/ or fragility fracture/ or exp spine fracture/ or exp hip fracture/  

353646  

29 26 or 27 or 28  444574  

30 (older or elder or elderly or frail or senior* or middle age* or geriatric).ti,ab,kw.  1479583  

31 middle aged/ or exp aged/  7975306  

32 30 or 31  8601363  
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33 

(Exercis* or Physical activit* or Physical fitness or Weight bearing or Load bearing or Axial bearing 

or Running or Dancing or Stair climb* or treadmill* or walk or walking or weight lifting or yoga or 

pilates).ti,ab,kw.  

1070524  

34 
((Resistance or strength or strengthening or weight or high impact) adj2 (train* or 

exercis*)).ti,ab,kw.  

46265  

35 (Balance adj2 (exercis* or train*)).ti,ab,kw.  5378  

36 

exp exercise/ or exp sport/ or dancing/ or dance therapy/ or exp kinesiotherapy/ or weight bearing/ 

or osteoporosis/rh or walking/ or plyometrics/ or resistance training/ or yoga/ or pilates/ or body 

equilibrium/  

778429  

37 33 or 34 or 35 or 36  1390141  

38 (Meta analys* or metaanalys*).ti,ab,kw.  300903  

39 ((Systematic or methodologi*) adj5 (review* or overview*)).ti,ab,kw.  305899  

40 (Cochrane or Embase or Psyclit or Psychlit or Medline or pubmed).ab.  371844  

41 (quantitativ* adj5 synthesi*).ti,ab,kw.  6082  

42 ((pooled or pooling) and analys*).ti,ab,kw.  131815  

43 exp meta analysis/ or systematic review/  348676  

44 (randomized controlled trial* or Randomised controlled trial* or rct or clinical trial*).ti,ab,kw.  1064645  

45 (allocated adj2 random*).ti,ab,kw.  61422  

46 
randomized controlled trial/ or exp randomization/ or random allocation/ or double blind method/ or 

single blind method/ or exp clinical trial/ or exp clinical trials as topic/  

2778184  
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47 38 or 39 or 40 or 41 or 42 or 43 or 44 or 46  3699005  

48 29 and 32 and 37 and 47  3247  

49 
(exp animals/ or exp invertebrate/ or animal experiment/ or animal model/ or animal tissue/ or 

animal cell/ or nonhuman/) and (human/ or normal human/ or human cell/)  

35991235  

50 
(exp animals/ or exp invertebrate/ or animal experiment/ or animal model/ or animal tissue/ or 

animal cell/ or nonhuman/) not 49  

10475345  

51 48 not 50  3236  

52 51 not (case study/ or letter/ or abstract report/ or editorial.pt. or note.pt.)  3195  

53 52 use oemezd   (EMBASE results only) 1789  

54 25 or 53  3265  

55 remove duplicates from 54 (removes duplicates from MEDLINE and EMBASE results) 2448  

 

Line 25 = MEDLINE results (1476 results) 

Line 53 = EMBASE results (1789 results) 

Line 55 = Deduplication of OVID results resulted in 2448 uploaded to Refworks 

• CINAHL 

Search conducted by Jackie Stapleton on August 31, 2018 

#  Query  Results  

S6  S1 AND S2 AND S3 AND S4  

Limiters – Peer reviewed 

(627) 
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S17  S13 AND S14 AND S15 AND S16  674  

S16  

( (MH "Meta Analysis") OR (MH "Systematic 
Review") ) OR TX ( meta analy* OR metaanaly* ) 
OR TX ( (systematic or methodologi*) N5 (review or 
overview) ) OR AB ( Cochrane or Embase or Psyclit 
or Psychlit or Medline or pubmed ) OR TX 
quantitativ* N5 synthesi* OR TX ( (pooled or 
pooling) and analys* ) OR TX ( randomized 
controlled trial* or randomised controlled trial* or rct 
) OR TX ( allocat* random* OR placebo* OR 
random* allocate* OR randomi* control* trial* ) OR 
TX clinical N1 trial* OR ( (MH "random assignment") 
OR (MH "clinical trials+") )  

Display  

S15  

( (MH "Exercise+") OR (MH "Sports+") OR (MH 
"Dancing+") OR (MH "Dance Therapy") OR (MH 
"Therapeutic Exercise+") OR (MH "Weight-
Bearing") OR (MH "Walking+") OR (MH "Resistance 
Training") OR (MH "Muscle Strengthening+") OR 
(MH "yoga") OR (MH "pilates") OR (MH "balance 
training, physical") OR (MH "balance, postural") ) 
OR TX ( Exercis* or Physical activit* or Physical 
fitness or Weight bearing or Load bearing or Axial 
bearing or Running or Dancing or Stair climb* or 
treadmill* or walk or walking or weight lifting or yoga 
or pilates ) OR TX ( (Resistance or strength or 
strengthening or weight or “high impact”) N2 (train* 
or exercis*) ) OR TX ( Balance adj2 (exercis* or 
train*) )  

Display  

S14  

( (MH "Middle Age") OR (MH "Aged+") OR (MH 
"Aging") OR (MH "Rehabilitation, Geriatric") ) OR 
TX ( older or elder or elderly or frail or senior* or 
middle age* or geriatric or "old age" )  

Display  
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S13  

(MH "Osteoporosis+") OR (MH "Bone Density") OR 
(MH "Bone Remodeling+") OR (MH "hip fractures+") 
OR (MH spinal fractures+") OR TX ( osteopor* or 
osteopenia or low bone density or low bone mineral 
density or low bone mass or bone loss* or bone 
remodeling or bone remodelling ) OR TX ( (fragility 
or spine or spinal or vertebra* or hip* or femoral 
neck or compression) N2 fracture* )  

Display  

 

• Web of Science 

Search conducted by Jackie Stapleton on September 5, 2018 

 

et  

Results 

 

Save History / Create AlertOpen Saved History 

# 6 1,191 #4 AND #3 AND #2 AND #1 

Refined by: DOCUMENT TYPES: ( ARTICLE OR PROCEEDINGS PAPER OR REVIEW ) 

Indexes=SCI-EXPANDED, SSCI Timespan=1900-2018 

# 5 1,216 #4 AND #3 AND #2 AND #1 

Indexes=SCI-EXPANDED, SSCI Timespan=1900-2018 

# 4 906,167  TS=("Meta analys*" or "metaanalys*") OR TS=("systematic" NEAR/2 ("review" or 

"overview")) OR TS=(("pooled" OR "pooling") AND "analys*") OR TS=("randomized 

controlled trial*" OR "randomised controlled trial*" OR "rct" OR "clinical trial*" OR 

"random allocat*") 

Indexes=SCI-EXPANDED, SSCI Timespan=1900-2018 

# 3 670,641  TS=("Exercis*" or "Physical activit*" or "Physical fitness" or "Weight bearing" or "Load 

bearing" or "Axial bearing" or "Running" or "Dancing" or "Stair climb*" or 

"treadmill*" or "walk" or "walking" or "weight lifting" or "yoga" or "pilates") OR 

TS=(("Resistance" or "strength" or "strengthening" or "weight" OR "high impact") 

NEAR/2 (train* or exercis*)) OR TS=(Balance NEAR/2 (exercis* or train*)) 

Indexes=SCI-EXPANDED, SSCI Timespan=1900-2018 

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=15&SID=8FjDALBjm8tzf9kImts&search_mode=CombineSearches&update_back2search_link_param=yes
http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=14&SID=8FjDALBjm8tzf9kImts&search_mode=CombineSearches&update_back2search_link_param=yes
http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=4&SID=8FjDALBjm8tzf9kImts&search_mode=AdvancedSearch&update_back2search_link_param=yes
http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=3&SID=8FjDALBjm8tzf9kImts&search_mode=AdvancedSearch&update_back2search_link_param=yes
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# 2 727,390  TS=("older" OR "elder" or "elderly" or "frail" or "senior*" or "middle age*" or 

"geriatric") 

Indexes=SCI-EXPANDED, SSCI Timespan=1900-2018 

# 1 171,349  TS=("osteopor*" or "osteopenia" or ("low" NEAR/2 ("bone density" OR "bone mineral 

density" or "bone mass")) or bone loss* or "bone remodeling" or "bone remodeling") 

OR TS=(("fragility" OR "spine" OR "spinal" OR "vertebra*" or "hip" OR "compression") 

NEAR/2 "fracture*") 

Indexes=SCI-EXPANDED, SSCI Timespan=1900-2018 

• Cochrane Library 

Search conducted by Jackie Stapleton on September 11, 2018 

#1 osteopor* or osteopenia or low bone density or low bone mineral density or 
low bone mass or bone loss* or bone remodeling or bone remodeling or 
((fragility or spine OR spinal OR vertebra* or hip* or femoral) NEAR/2 
fracture*) 

20372 

#2 MeSH descriptor: [Osteoporosis] explode all trees 3683 

#3 MeSH descriptor: [Bone Density] explode all trees 4370 
#4 MeSH descriptor: [Bone Remodeling] explode all trees 2408 

#5 MeSH descriptor: [Hip Fractures] explode all trees 1404 

#6 MeSH descriptor: [Spinal Fractures] explode all trees 637 

#7 MeSH descriptor: [Fractures, Compression] explode all trees 110 
#8 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 21833 

#9 older or old or elder or elderly or frail or senior* or middle age* or geriatric 391545 

#10 MeSH descriptor: [Middle Aged] explode all trees 1387 
#11 MeSH descriptor: [Aged] explode all trees 1669 

#12 #9 OR #10 OR #11 391609 

#13 Exercis* or Physical activit* or Physical fitness or Weight bearing or Load 
bearing or Axial bearing or Running or Dancing or Stair climb* or treadmill* or 
walk or walking or ((Resistance or strength or strengthening or weight) NEAR/2 
(train* or exercise*)) or weight lifting or yoga or pilates or (Balance NEAR/2 
(exercis* or train*)) 

107204 

#14 MeSH descriptor: [Exercise] explode all trees 20663 

#15 MeSH descriptor: [Sports] explode all trees 13867 

#16 MeSH descriptor: [Dance Therapy] explode all trees 70 

#17 MeSH descriptor: [Dancing] explode all trees 147 
#18 MeSH descriptor: [Exercise Therapy] explode all trees 11203 

#19 MeSH descriptor: [Weight-Bearing] explode all trees 941 

#20 MeSH descriptor: [Walking] explode all trees 4899 
#21 MeSH descriptor: [Resistance Training] explode all trees 2623 

http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=2&SID=8FjDALBjm8tzf9kImts&search_mode=AdvancedSearch&update_back2search_link_param=yes
http://apps.webofknowledge.com/summary.do?product=WOS&doc=1&qid=13&SID=8FjDALBjm8tzf9kImts&search_mode=AdvancedSearch&update_back2search_link_param=yes
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#22 MeSH descriptor: [Yoga] explode all trees 544 

#23 MeSH descriptor: [Postural Balance] explode all trees 2251 

#24 #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 33322 

#25 #8 AND #12 AND #24 797 

 

797 results 

• 76 Cochrane Reviews 

• 721 Trials 
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Appendix D 

Search strategy study 4 

PubMed  

#1 exercise [mesh] OR exercis* [tiab] OR yoga [tiab] OR pilates [tiab] OR “exercise therap*” 

[tiab] OR “physical activit*” [tiab] OR “exercise movement techniques” [tiab] OR “resistance 

training” [tiab] OR “weight lifting” [mesh] OR “exercise therapy” [mesh] OR “exercise 

movement techniques” [mesh] OR “physical fitness” [MeSH] OR lifting effort[tiab] OR 

stretching[tiab]  OR swimming[tiab]   

#2 posture [tiab] OR “spinal curvature” [tiab] OR “hyperkypho*” [tiab] OR kypho* [tiab] OR 

“skeletal alignment” [tiab] OR “kyphosis” [mesh]  

#3 “elderly” [tiab] OR “older adult*” [tiab] OR senior* [tiab] OR “older people” [tiab] OR 

“middle age*” [tiab] OR “aged” [mesh] OR “middle aged” [mesh] OR old age[tiab] OR 

geriatric* [tiab] 

Final Search: #1 AND #2 AND #3 

Cumulative Index to Nursing and Allied Health Literature Search  

#1 MH (“exercise” OR “therapeutic exercise” ) OR TX (exercis* OR pilates OR yoga OR 

“physical activit*” OR “exercise movement techniques” OR “resistance training” OR “weight 

lifting” OR lifting effort OR stretching  OR swimming )  

#2 TX posture OR “spinal curvature” OR hyperkypho* OR kypho* OR “skeletal alignment”  

#3 MH (“aged” OR “middle age” OR “frail elderly”) OR TX (elderly OR “older adult*” OR “old 

age” OR “older people” OR senior* OR “middle age*” OR geriatric*)  

Final Search: S1 AND S2 AND S3 

Embase search  

#1 kyphosis/  

#2 posture.tw 

#3 spinal curvature.tw 

#4 skeletal alignment.tw 

#5 hyperkypho*.tw  
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OR kypho*.tw 

 

#6 1 or 2 or 3 or 4 or 5 

#7 exercise/ or aerobic exercise/ or anaerobic exercise/ or aquatic exercise/ or arm exercise/ or 

breathing exercise/ or dynamic exercise/ or endurance training/ or isokinetic exercise/ or muscle 

exercise/ or pilates/ or plyometrics/ or resistance training/ or static exercise/  

#8 exercis*.tw  

#9 physical activity/ or lifting effort/ or stretching/ or swimming/ or weight lifting/  

OR resistance training.tw OR weight lifting.tw OR physical fitness.tw OR lifting effort.tw OR 

stretching.tw OR swimming.tw  

#10 yoga.tw  

#11 7 or 8 or 9 or 10  

#12 aged/ 

#13 older adult*.tw  

#14 middle aged/  

#15 senior*.tw 

OR elderly.tw OR older people.tw OR middle age*.tw OR old age.tw OR geriatric*.tw 

#16 12 or 13 or 14 or 15 

 

Final Search: #6 and #11 and #16 

Cochrane search  

#1 Exercis* or “Physical activit*” or “Physical fitness” or ((Resistance or strength or 

strengthening or weight) NEAR/2 (train*)) or “weight lifting” or yoga or pilates or (Balance 

NEAR/2 (train*)) OR “lifting effort” OR stretching OR swimming       

#2 MeSH descriptor: [Exercise] explode all trees 

#3 MeSH descriptor: [Yoga] explode all trees 

#4 MeSH descriptor: [Exercise Therapy] explode all trees 
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#5 MeSH descriptor: [Exercise movement techniques] explode all trees 

#6 MeSH descriptor: [Resistance Training] explode all trees 

#7 MeSH descriptor: [Weight Lifting] explode all trees 

#8 MeSH descriptor: [Physical Fitness] explode all trees 

 

#9 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8  

 

#9 postur* or “spinal curvature*” or hyperkypho* or kypho* or “skeletal alignment” 

#10 MeSH descriptor: [Posture] explode all trees 

#11 MeSH descriptor: [Spinal Curvatures] explode all trees 

#12 MeSH descriptor: [Kyphosis] explode all trees 

#13 #9 OR #10 OR #11 OR #12 

#14 “older adult*” OR “older people” or “old age” or elder* or frail or senior* or “middle age*” 

or geriatric* 

#15 MeSH descriptor: [Middle Aged] explode all trees 

#16 MeSH descriptor: [Aged] explode all trees 

#17 #14 OR #15 OR #16 

#18 #12 AND #13 AND 17 

Web of Science  

#1 TS=(postur* or “spinal curvature*” or hyperkypho* or kypho* or “skeletal alignment”) 

#2 TS=("older adult*" or elder* or “older people” or “old age” or frail or senior* or "middle 

age*" or geriatric*) 

Indexes=SCI-EXPANDED 

 



 

 194 

Appendix E 

Supplementary material study 5 

 

 

 

Figure S1. Agreement rating scale used by the panelists to rate their agreement with each question. 

 

Table S1. Modified Delphi survey for the first round. The first column reports the statements that were presented in 

the survey, the second the mean percentage agreement for each question. Based on panel size (n = 31), consensus 

upon each statement was reached if the rating of no more than 9 panelists was outside the 3-point region containing 

the median. The minimum percentage agreement for each statement of the first round was 71%. The statements 

where a consensus was not reached are reported in bold.  

Statements 
Percentage 

agreement 

1. Individuals with vertebral fracture should: 

 

 

a. Avoid prolonged or continuous bed rest. Some people have severe pain immediately after the 

fracture, and a few days of bed rest might be indicated, but limit the duration of prolonged or 

continuous bed rest as much as possible. 

77.42% 

b. Temporarily avoid heavy physical exertion (e.g., during work, daily life or exercise), lifting, or 

activities that exacerbate pain during the 12-week period following fracture; examples include 

carrying groceries, lifting pets or children, yard work. When to resume will depend on the 

severity of fracture(s) and symptoms. Resume activities involving heavy physical exertion 

gradually. 

90.32% 

c. Receive education on pain expectation, for example: that, for most people, pain and activity 

tolerance will get better over time, but it may take 3 months or longer; and that they can 

gradually start or resume exercise and physical activities of daily life, leisure, or work as pain 

diminishes. 

93.55% 

d. Receive education that having a spine fracture increases the risk of having another fracture, and 

that they must be referred to a fracture liaison service or their physician to learn about treatment 

strategies (including medications, fall prevention, etc.) to prevent further fractures. 

100% 

2. In the acute and chronic stages after a vertebral fracture, healthcare professionals are encouraged 

to use “how to” language rather than only suggesting activity restrictions, and to be mindful of 

choosing words carefully, to promote optimism rather than create fear and activity avoidance. 

Health care professionals can provide examples of activities that should be modified or avoided 

(e.g., bend at your hips instead of rounding your back, get someone to lift heavy objects for you 

instead of doing it yourself). 

96.67% 

3. Strategies to manage back pain and discomfort (in acute or chronic stages) associated with 

vertebral fracture include: 

 

 

 

a. Assessment by a healthcare professional for pain-related psychological risk factors (e.g., pain 

catastrophizing, pain-related fear, anxiety, social isolation, low mood) that could increase the 

risk of persistent pain and disability (e.g., using STarT Back Screening Tool - 

93.33% 
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https://startback.hfac.keele.ac.uk/ or any validated tools) and, if present, consider referral to a 

health professional (e.g., physical therapist, occupational therapist, psychologist) who has 

expertise in pain and psychological factors. 

b. Avoiding prolonged sitting and, and when sitting, do so with attention to posture during sitting, 

as well as getting in and out of the seated position. If prolonged sitting is necessary, for example 

at work, get up and move around every 30 minutes and consider consulting an ergonomist about 

alternative strategies, such as perched sitting or standing desks. 

76.67% 

c. Lying supine on the floor, bed, or firm surface, with feet flat on surface and knees bent, to 

unload the spine, encourage spinal extension and stretch pectoral and front shoulder 

muscles. Individuals with hyperkyphosis can use one or more pillows under the head. 

While there is no RCT evidence to support this statement, there is a prior consensus 

process encouraging this approach. A frequency of 2-4 times per day for 15-20 minutes 

each bout has been suggested 

70.00% 

d. Education on movements to avoid or modify (e.g., rapid, repetitive, weighted, sustained or end-

range flexion or twisting of the spine) and on strategies to reduce loads on the spine (e.g., hip 

hinge, step-to-turn, getting up and moving around every 30 minutes) during physical activities of 

daily life, leisure, and work. Where possible, refer to a physical therapist for assessment and 

education, or suggest free resources for education, to get detail on the types of movements to 

modify or avoid. 

96.67% 

e. Pacing or “graded activity” to help facilitate increased activity tolerance, or to avoid doing too 

much too soon. 

100% 

f. Self-application of cold or heat for sore or painful areas 56.67% 

4. Bracing is not recommended for individuals with vertebral fracture 50.00% 

5. When the therapeutic goal is to improve respiratory function, individuals with acute or chronic 

vertebral fractures can be taught diaphragmatic breathing exercises (e.g., in the supine position 

supine with knees bent and feet flat on lying surface, cueing focus on lower rib expansion and 

diaphragm contraction on inhale through nose, and exhaling through pursed lips with focus on 

lower ribs moving in, pelvic-floor and deep abdominal muscle contraction). Progression 

involves practicing breathing exercises during sitting or standing. 

93.33% 

6. Ideally in consultation with a physical therapist or exercise physiologist, individuals with a 

vertebral fracture should initiate an individualized exercise program focusing on goals such as 

improving back extensor endurance, spinal mobility, physical functioning and balance; the 

exercise program can be introduced within 4-12 weeks after vertebral fracture, as tolerated, or 

when acute fracture-related pain has diminished, or after 12 weeks, based on patient preference 

and clinician judgement. Referring to a physical therapist or exercise physiologist is 

recommended so that exercises can be phased in and tailored in accordance with the patient's 

needs, health conditions, abilities, fracture type and symptoms, and time post-fracture (e.g., start 

with focus on teaching body mechanics, individualized selection and phasing in of exercises). 

When access to physiotherapy or exercise physiologist is not possible, refer patients to print or 

online resources from a national osteoporosis society. Example exercises to consider are 

provided below, derived from clinical trials of exercise for people with vertebral fracture. 

 

93.33% 

a. Shoulder press 70.00% 

b. Supine thoracic extension with one arm flexed at 180 degrees 56.67% 

c. Supine hip and leg extension, “pressing” into ground/bed or extending through leg e.g., leg 

lengthener 

60.00% 

d. Supine gentle head press 56.67% 

e. Supine lying over rolled up towel placed lengthways along the back 56.67% 

https://startback.hfac.keele.ac.uk/
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f. Head to wall  66.67% 

g. Bridging in supine 66.67% 

h. Trunk extension 60.00% 

i. Advanced: quadruped thoracic extension stretch, birddog (arm only, leg only, then 

progress to alternate arm & leg at once) 

53.33% 

j. Supine shoulder flexion 63.33% 

k. Scapula retraction 63.33% 

l. Wall push-ups 63.33% 

7. When pain has diminished and the fracture has healed (~12 weeks post fracture), individuals 

with vertebral fracture should initiate an exercise program, ideally in consultation with a 

physical therapist or exercise physiologist, and informed by a baseline assessment so that it can 

be tailored to the patient. The exercise program should include progressive balance training and 

functional or muscle strength training, focusing on form first and then progressing to moderate 

intensity (i.e., 70-80% of estimated 1 repetition maximum (RM), or 8-12 RM, determined during 

baseline assessment - an estimated 1 RM is suggested as the safety of 1 RM testing has not been 

established). 

 

83.33% 

There is evidence that progressive resistance training may address activity limitations and 

improve physical functioning in individuals with vertebral fracture. There are very little data on 

the effects of exercise on BMD in this population. Functional or muscle strength training should 

target muscles of upper and lower extremities, back extensor muscles and stabilizers of shoulder 

or pectoral girdle. When selecting exercises, consider fall risk and the loads on the spine (e.g., 

modify or avoid rapid, repetitive, weighted, sustained or end-range flexion or twisting of the 

spine). Clinical judgement is required regarding the selection of exercises, especially ones that 

involve overhead movements, or hip and lower back extension (e.g., bridging) in the presence of 

lumbar spine fractures 

90.00% 

a. Horizontal press. Examples: Push-up (wall, counter, floor); exercise band chest press. 66.67% 

b. Vertical press. Examples: Shoulder press (seated or standing with band or weights), 

Incline chest press, shoulder flexion and reach in supine 

60.00% 

c. Horizontal Pull. Examples: seated row, scapular retraction, or protraction. 56.67% 

d. Vertical Pull. Examples: Lat pull down 56.67% 

e. Lower body exercises. Examples: squat; half squat or sit to stand; supine bridging; hip 

extension; hip adduction; step up or climbing steps; lunges. (76.67%) 

76.67% 

f. Balance exercises. Examples: walking forwards, backwards, and sideways while changing 

direction; avoiding and stepping over obstacles; getting down to and up off the floor; standing on 

one leg while doing movements with the other leg; standing on different types of surfaces; 

reaching out sideways; anticipatory adjustments; tandem or single leg standing 

80.00% 

8. For individuals with fear-related beliefs (e.g., fear of pain, fractures, falling, movement, etc.), in 

addition to an exercise program as described in the previous page, consider education on coping 

techniques, body awareness, spine safe movement strategies, and movements to modify or avoid, 

being mindful of choosing words carefully to avoid creating fear and activity avoidance 

96.67% 

9. Patients often have questions about whether they can participate in certain physical activities of 

leisure or daily life (e.g., lifting, yoga, golf, running, Pilates). If the patient has a history or a 

strong preference to perform an activity, the activity should be encouraged if it can be performed 

safely, or modified; however, the patient is encouraged to discuss their options with a health care 

provider. Factors that may affect decision-making include the patient’s physical health, 

functional status, and history of the activity, as well as time since fracture and time on therapy. 

96.67% 
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10. Some individuals may experience chronic pain after the fracture has healed (>12 weeks post 

fracture) and may not be thriving. Consider whether the patient would benefit from a referral to 

an interdisciplinary pain management clinic or psychologist that specializes in the 

biopsychosocial management of pain, or, to a physician for the medical management of pain. 

90.00% 

11. Research in younger people suggest that certain cognitive behavioral techniques may be 

effective for addressing body image concerns, but they have not been tested in older adults, or in 

individuals with body image issues specific to vertebral fractures. When body image is a concern 

at any stage post-vertebral fracture, health professionals could consider using education or 

approaches informed by cognitive behavioral therapy to enhance self-esteem and improve the 

perception of body image 

83.33% 

12. When weight management or early satiety are a concern for individuals at any stage post-

vertebral fracture, consider the following strategies to ensure adequate intake: 

 

 

a. Referral to dietitian 93.33% 

b. Weight monitoring  66.67% 

c. Assess and educate regarding recommended daily intake of calcium and vitamin D 96.67% 

d. Consider how functional impairments may impact food-related activities (e.g. bending over in 

the kitchen, standing in the kitchen, shopping etc.), and develop a plan to address this, or refer to 

an occupational therapist. 

90.00% 

e. Recommend smaller but more frequent meals throughout the day, additional snacks or finger 

foods. 

80.00% 

f. Food fortification by means of natural foods (e.g., oil, cream, butter, eggs) and/or specific 

nutrient preparations (e.g., protein powder). 

63.33% 

g. Texture-modified foods if oral consumption is energy consuming or dysphagia is present 66.67% 

h. Create an eating environment that supports food intake (e.g., preparation of appealing food) 80.00% 

i. Increasing variety in diet, considering individual food preferences 76.67% 

A physical therapy assessment can include an assessment of spinal range of motion. Is it appropriate 

to assess lateral and forward flexion of the spine, and rotation, in someone with a vertebral fracture, 

or should it be avoided or modified, and if it should be modified, how would you do it? 

Free text 

answer 

Self-limited forward reach is used to assess balance, either alone or as part of a battery like the Berg 

Balance Test. Choose a statement that reflects your opinion on the safety of forward reach to assess 

balance in people with osteoporotic vertebral fractures. 

 

 

• Avoid the forward reach test in people with vertebral fractures as the potential risk is not worth 

it. 

n = 4 

• The forward reach test is safe and appropriate for individuals with vertebral fractures. n = 2 

• The forward reach test is safe in some scenarios and not others, as follows: <free text box> n = 11 

• Unsure n = 13 

Free text 

answer 

How do I determine when it is safe to begin a progressive exercise program with a patient after a 

vertebral fracture? 

Free text 

answer 

A resistance or strength training exercise prescriptions is often based on an assessment of a person’s 

estimated 1 repetition maximum or other measures of capacity. How should we assess capacity and 

use the information from the assessment to prescribe resistance exercise intensity in individuals with 

vertebral fractures? 

Free text 

answer 

If you were dealing with a patient who had a history of participating in resistance exercise, and they 

had a vertebral fracture, how would you guide their return to activity? How would you assess and 

prescribe resistance exercises and exercise intensity in that person? 

Free text 

answer 

Are there specific resistance exercises (e.g., squats, deadlifts, overhead presses) or other types of 

exercise or physical activity that should be avoided or modified (and how to modify) in individuals 

with vertebral fractures 

Free text 

answer 
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Patients are often given advice not to lift things, or bend or twist the spine. Others argue that flexion 

and twisting are necessary to maintain spinal mobility, and impossible to avoid, even if you are 

trying to maintain a neutral spine. What would your advice to a person with vertebral fracture be 

when it comes to lifting, bending or twisting? 

Free text 

answer 

Are there any other assessments or interventions that should be discussed in the non-

pharmacological, non-surgical management of individuals with vertebral fractures? If so, describe 

them and why they should be considered, with references if you have any 

Free text 

answer 

Table S2. Modified Delphi survey for the second round. The first column reports the statements that were 

presented in the survey, the second the mean percentage agreement for each question. Based on panel size (n 

= 27), consensus upon each statement was reached if the rating of no more than 8 panelists was outside the 3-

point region containing the median. The minimum percentage agreement for each statement of the second 

round was 70%. Consensus was reached on every statement. 

Statements 
Percentage 

agreement 

1. Self-application of cold or heat for sore or painful areas can be performed if it helps to manage pain, with education on when and how to safely 

apply it. 

100% 

2. Consider a referral to a physical therapist or occupational therapist to perform an assessment of fall risk and physical functioning, or a home 

hazard assessment 

96.30% 

3. In general, bracing (i.e., taping, rigid, dynamic, or soft orthoses) is not recommended for individuals with vertebral fractures. Some people 

believe that selected patients, immediately after fracture, can benefit from using braces intermittently in the acute stage, if it means reducing 

fear or giving the patient confidence to mobilize or resume activities. However, evidence from clinical trials is heterogeneous and of very low 

certainty, and there is high risk of bias. Bracing should not be used routinely, and should not be used at all in subacute or chronic stages post-

fracture.  

80.00% 

4. Ideally in consultation with a physical therapist or exercise physiologist, individuals with a vertebral fracture should initiate an individualized 

exercise program focusing on goals such as improving back extensor endurance, spinal mobility, physical functioning, and balance.  

 

The exercise program can be introduced within 4-12 weeks after vertebral fracture, as tolerated, 

or when acute fracture-related pain has diminished, or after 12 weeks, based on patient 

preference and clinician judgement.  

  

Referring to a physical therapist or exercise physiologist is recommended so that exercises can 

be phased in and tailored in accordance with the patient's needs, health conditions, abilities, 

fracture type and symptoms, and time post-fracture (e.g., start with focus on teaching body 

mechanics, individualized selection and phasing in of exercises). When access to physiotherapy 

or exercise physiologist is not possible, refer patients to print or online resources from a national 

osteoporosis society.  

 

Example exercises to consider are provided below, derived from clinical trials of exercise for 

people with vertebral fracture. There is a comment box at the end for you to comment or make 

suggestions. 

 

 

a. Supine thoracic extension e.g., gentle chest lift, shoulder flexion like “arm lengthener” exercise. 

Individuals with severe hyperkyphosis may require pillows to support the head and neck. 

Individuals with acute mid-thoracic compression fracture should not perform this exercise until 

the fracture has healed or the exercise does not exacerbate pain. 

86.36% 

b. Bridging in supine, with care to avoid thoracic flexion. Ensure patient can perform thoracic 

extension without pain prior to progression to bridging. May need to be avoided in individuals 

with acute lumbar fractures.  

85.71% 

c. Supine hip and leg extension, “pressing” into ground, bed, or firm surface or extending through 

leg (e.g., leg lengthener); individuals with acute lumbar compression fractures should avoid this 

exercise.  

90.00% 

d. Supine gentle head press 85.71% 
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e. Lying in supine over a rolled-up towel placed lengthways along the back, to unload the spine, 

encourage spinal extension and stretch pectoral and front shoulder muscles. In the presence of 

hyperkyphosis, use one or more pillow under head for hyperkyphosis to support head and neck.  

85.00% 

f. Head to wall 95.24% 

g. Supine scapula retraction. Progress to sitting position if pain-free. 100% 

h. Supine shoulder flexion, only within pain-free range of motion. 95.45%% 

i. Wall push-ups 80.95% 

j. Advanced: modified birddog using a chair to provide support and increase balance, perform 

alternate arm flexions, then alternate leg extensions. If pain-free and able to maintain balance, 

progress to alternate arm and leg at once. 

83.33% 

5. When can patients start or resume a progressive exercise program at moderate or higher intensity? When pain has diminished and the fracture 

has healed (~12 weeks post fracture), individuals with vertebral fracture should initiate a progressive exercise program consistent with national 

physical activity guidelines or osteoporosis society guidelines. Patients should, ideally, consult a physical therapist or exercise physiologist, so 

that the exercise program is informed by a baseline assessment and tailored to the patient.  

 

How should a patient start a progressive exercise program? Start with instruction on body 

mechanics, functional or gentle exercises, with a focus on form, and exercise tolerance. If a 

person was practicing strength training prior to fracture and wishes to return to training, the 

physical therapist or exercise physiologist should review the exercise program that the patient 

was previously doing and modify or replace exercises that cannot be done with good form or that 

exacerbate pain.  

  

The exercise program should include progressive balance training and functional or muscle 

strength training. Progress exercise intensity when pain has improved during daily activities 

(usually within 6-12 weeks after fracture), and the patient can perform gentle or low intensity 

exercises with good form with no pain exacerbation. Progress resistance exercise intensity 

gradually (e.g., no more than 10% increase in volume per week) to moderate intensity (i.e., 65-

80% of estimated 1 repetition maximum (RM), or 8-12 RM, determined during baseline 

assessment - an estimated 1 RM, with a few repetitions in reserve, or rating of perceived exertion 

strategy is suggested as the safety of 1 RM testing has not been established).  

  

There is evidence that progressive resistance training may address activity limitations and 

improve physical functioning in individuals with vertebral fracture. There are very little data on 

the effects of exercise on BMD in this population. Functional or muscle strength training should 

target muscles of upper and lower extremities, back extensor muscles and stabilizers of shoulder 

or pectoral girdle. When selecting exercises, consider fall risk and the loads on the spine (e.g., 

modify or avoid rapid, repetitive, weighted, sustained or end-range flexion or twisting of the 

spine). Clinical judgement is required regarding the selection of exercises, especially ones that 

involve overhead movements. 

 

96.00% 

6. Sample functional or muscle strength training exercises that have been included in prior studies are listed below. There is a comment box at 

the end for you to comment or make suggestions. 

 

 

a. Horizontal press, for example: push up (wall, counter, floor); exercise band chest press 85.00% 

b. vertical press, for example: shoulder press (standing with band, tubing, or weights); incline chest 

press (standing with band, tubing, or weights); shoulder flexion and reach in supine 

85.00% 

c. horizontal pull, for example: - standing or seated row (with band, tubing, or weights); scapular 

retraction and protraction 

89.47% 

d. vertical pull, for example: lat pull down (with band, tubing, or weights) 77.78% 

e. lower body, for example: squat, half squat, sit to stand; supine bridging; hip extension; hip 

abduction; step up or climbing step; lunges 

85.00% 

f. balance, for example: walking forwards, backwards, and sideways while changing direction; 

avoiding and stepping over obstacles; getting down to and up off the floor; standing on one leg 

100% 
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while doing movements with the other leg - single leg stance at the kitchen counter with eyes 

closed; standing on different types of surfaces; reaching out sideways; anticipatory adjustments; 

tandem or single leg standing 

7. Certain exercises or physical activities are sometimes considered risky for people with one or more vertebral fractures, including: deadlift, 

overhead press, sit-ups, clean and jerk, deep squats, spinal flexion movements in yoga, golf, ball sports, or anything involving sudden, end-

range, or resisted spinal flexion, sudden or end-range spinal twisting. Some exercises, like yoga, squats, overhead presses, and modified 

deadlifts may be acceptable if the patient can perform them with good alignment, or if they could be modified to be safer, ideally supervised 

by an exercise professional. 

95.83% 

8. Sudden onset or acute exacerbation of pre-existing back or radicular pain, decreased mobility due to pain, increase or sudden worsening of 

thoracic kyphosis, loss of height or shortness of breath might indicate a new fracture or progression of an existing fracture, and the need for 

cessation of exercise/therapy and referral back to physician. 

96.00% 

9. All individuals with osteoporosis should follow national guidelines or their health care provider's recommendations related to protein, calcium 

and vitamin D intake. Weight loss can lead to inadequate intake of nutrients and calories, and loss of bone and muscle. When weight 

management or early satiety are a concern for individuals at any stage post-vertebral fracture, consider the strategies below to ensure adequate 

intake. 

There is a comment box at end for you to comment or make suggestions.  

 

a. Weight monitoring  91.67% 

b. Food fortification by means of natural foods (e.g., eggs, oil, avocado, milk powder, nuts, nut 

butters), or specific nutrient preparations (e.g., protein powder, energy bars). 

90.48% 

c. Texture-modified foods if oral consumption is energy consuming or dysphagia is present 94.24% 

10. The assessment of spinal range of motion should be avoided in people with an acute vertebral fracture or multiple fractures. If the fracture has 

healed, consider weighing the need for assessment with the potential risk, and whether you can assess functional mobility via observation 

during functional tasks (e.g., getting out of bed or chair). If it is necessary to assess spinal range of motion, consider a modified version, or cue 

the movement so it is slow and controlled. Do not continue if the movement is painful.  

95.83% 

11. Some experts feel that assessment of self-limited forward reach (i.e., to assess balance) should be avoided in all people with vertebral 

fractures, or only in people with acute or painful fractures. Others think that it may be safe in some scenarios. Factors that might influence 

whether it is safe or necessary include: whether shoulder flexion to 90 degrees is pain free, if you can ensure they are not reaching forward and 

rotating trunk at same time, if you have a spotter, if standing balance is not impaired, if there is no fracture-related pain, or if it is relevant for 

ADLs, or if the patient identified it as a task they are having difficulty with.  

95.83% 

12. Patients are often given advice not to lift things, or bend or twist the spine. 

However, lifting things, forward bending, and twisting the spine are often impossible to 

completely avoid in the daily life. Tips on safe movement for patients include: 

• Consult a physical or occupational therapist on safe movement during activities of 

leisure or daily life; 

• Bend at the hips, knees and ankles rather than rounding the back.  

• Rather than twisting the torso, use a step-to turn, so that the trunk, knees and toes face 

the same direction.  

• When holding objects out front, hold them close to the body, and when holding 

something in hands at sides of body, split and distribute the weight evenly across both 

hands (e.g., carrying shopping bags).  

• Use slow and controlled movements  rather than sudden movements.  

• Look for print or online resources from a national osteoporosis society. 

96.00% 

 

Table S3. Demographics characteristics of the panelists for the first and second round. 

 First round (n = 31) First round (n = 27) 

Age (mean ± SD, 

median, range) 

55 ± 11 years, 

57 years, range 30-73 years 

54 ± 12 years, 

57 years, range 30-70 years 

Gender (n, %) Female (n = 18, 58%) Female (n = 20, 74%) 

Male (n = 13, 42%) Male (n = 7, 26%) 

Ethnicity (n, %) White (n = 26, 84%) White (n = 21, 78%) 
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Asian (n = 4, 13%) Asian (n = 4, 15%) 

Hispanic (n = 1, 3%) Hispanic (n = 1, 4%) 

 Prefer not to say (n = 1, 4%) 

Occupation (n, %) Physiotherapist (n = 10, 32%) Physiotherapist (n = 9, 33%) 

Rheumatologist (n = 5, 16%) Geriatrician (n = 5, 19%) 

Geriatrician (n = 4, 13%) Rheumatologist (n = 4, 15%) 

Family Physician (n =2, 7%) Family Physician (n =1, 4%) 

Internist (n = 1, 3%) Other (n = 8, 30%) 

Orthopaedic surgeon (n = 1, 3%)  

Endocrinologist (n = 1, 3%)  

Kinesiologist (n = 1, 3%)  

Certified exercise physiologist (n = 1, 3%)  

Other (n = 5, 16%)  

Years of practice  

(mean ± SD, median,) 

27 ± 13 years, 

25 years, range: 1-49 years 

22 ± 14 years, 

20 years, range: 1-49 years 

 

 

Table S4. Exercises to consider when acute pain has diminished (usually starting within 4-12 weeks 

after the vertebral fracture).  

Therapeutic goal Example exercises 

Improving back extensor 

endurance and spinal mobility: 

Start with supine exercises  

Supine shoulder press 

Gentle head press   
Hip and leg extension, “pressing” into ground, bed, or firm surface or 

extending through leg (e.g., leg lengthener) 

NOTE. Individuals with acute lumbar compression fractures should avoid this 

exercise. 

Supine thoracic extension (e.g., gentle chest lift, shoulder flexion like "arm 

lengthener" exercise) 

NOTE. Individuals with severe hyperkyphosis may require pillows to support 

the head and neck. Individuals with acute mid-thoracic compression fracture 

should not perform this exercise until the fracture has healed or the exercise 

does not exacerbate pain. 

Supine lying over rolled up towel placed lengthways along the back to unload 

the spine, encourage spinal extension, and stretch pectoral and front shoulder 

muscles 

NOTE. In the presence of hyperkyphosis, use one or more pillow under head to 

support head and neck. 

Improving back extensor 

endurance and spinal mobility: 

Intermediate 

Head to wall in the standing position 

Bridging in supine, with care to avoid thoracic flexion 

NOTE. Ensure patient can perform thoracic extension without pain prior to 

progression to bridging. May need to be avoided until after 12 weeks after 

lumbar fractures. 

Trunk extension in prone position 

Improving back extensor 

endurance and spinal mobility: 

Modified birddog (i.e., using a chair to provide support and increase balance, 

perform alternate arm flexions, then alternate leg extensions)  
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Advanced NOTE. If pain-free and able to maintain balance, progress to alternate arm and 

leg at once. 

Improving shoulder mobility 

and stabilizing pectoral girdle 

Supine shoulder flexion 

NOTE. Only within pain-free range of motion. 

Scapular retraction (e.g., sitting position with hands behind head and elbows 

pointing to sides) 

Wall push-ups 

NOTE. May progress to kitchen counter or floor. 

 

 

 

Table S5 Exercises to consider after the vertebral fracture has healed (usually 12 weeks after the 

fracture).  

Therapeutic goal Example exercises 

Improving chest, triceps, and 

shoulder strength:  

Horizontal press  

Push-up (wall, counter, floor) 

Exercise band chest press  

Improving chest, triceps, and 

shoulder strength:  

Vertical press  

Shoulder press (seated or standing with band or weights) 

Incline chest press 

Shoulder flexion and reach in supine  
Improving shoulder and upper 

back strength: 

Horizontal pull  

Seated row 

Scapular retraction, protraction  

Improving upper back 

strength: 

Vertical pull 

Lat pull down 

  

Improving lower back and 

lower body strength  

Squat, half squat or sit to stand 

Supine bridging 

Hip extension  

Hip abduction  

Step up or climbing steps 

Lunges  
Improving balance  Walking forwards, backwards, and sideways while changing direction  

Avoiding and stepping over obstacles 

Getting down to and up off the floor 

Standing on one leg while doing movements with the other leg 

Standing on different types of surfaces 

Reaching out sideways, anticipatory adjustments 

Tandem or single leg standing 
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