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LAY ABSTRACT 

 

Wrist fractures are the most common fall-related fragility fractures and often an early indicator 

of future falls and fractures. This thesis project described recovery patterns in various risk-factors 

at 4-years after wrist fracture and explored their association with bone mineral density (BMD) 

and subsequent falls and fractures. We found that the majority of recovery in fracture-specific 

pain/disability, fear of falling and health-status takes place within six months, although small 

changes were also noted between 6 months-4 years. People with low unaffected hand grip-

strength might have low BMD. Furthermore, people with poor balance, greater fracture-specific 

pain/disability, osteopenia or osteoporosis and a prior history of multiple falls (≥2) had nearly 3 

times higher odds of secondary falls and those with osteopenia or osteoporosis had 4 times 

higher odds of a secondary fracture. We believe this information will help therapists/clinicians to 

identify people at risk of future falls/fractures and offer preventive services. 
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ABSTRACT 

Distal radius fracture (DRF) is one of the most common fall-related osteoporotic (OP) fracture 

and is an early predictor of subsequent falls and OP fractures among people with DRF. The 

majority of older people with DRF present with low bone mineral density (BMD) and there is 

often transition to reduced muscle strength, poor balance, fear of falling and physically inactive 

lifestyle after fall-related DRF. This thesis consists of three manuscripts which are aimed to 

explore the recovery patterns and the role of modifiable risk factors in predicting subsequent 

falls, OP fractures and BMD in patients with DRF. 

The first manuscript explores the recovery patterns in modifiable risk factors for falls and OP 

fractures over four years in patients with DRF. Our study findings showed that patients with 

DRF experienced both short-term (6 months) and long-term (4 years) improvement in fracture-

specific pain/disability, physical activity, fear of falling, BMD and general health status; 

although the majority of the recovery was achieved at six months after DRF. 

The second manuscript is a cross-sectional study identifying modifiable risk factors for BMD in 

patients with DRF. The unaffected hand grip strength was identified as the independent predictor 

of BMD explaining 17% and 12% of total variability in the BMD-femoral neck and BMD-total 

hip, respectively. Among age-stratified women with DRF, balance and unaffected hand grip 

strength were identified as independent determinants of BMD explaining 10% and 32% of the 

total variability in BMD-femoral neck among 50-64 year and 65-80 year old, respectively. 

The third manuscript is a longitudinal study identifying modifiable risk factors for subsequent 

falls and OP fractures at four years after DRF. The results suggest that nearly 24% of patients 

reported one or more subsequent falls (in the last six months) and 19% of patients experienced at 

least one subsequent OP fracture after DRF. Patients with poor balance, low BMD, fracture-

specific pain/disability of >81 points on patient-rated wrist evaluation questionnaire and presence 

of a prior history of multiple falls (≥2) had three times higher odds of subsequent falls. When 

adjusted for BMD, age and gender, only prior falls was identified as a significant independent 

predictor of subsequent falls. We were not fully powered to explore association of various 

modifiable and non-modifiable risk factors with subsequent fractures. However, we found that 

patients with osteopenia or osteoporosis had clinically four times higher odds of subsequent OP 

fractures than patients with normal BMD. 

 

 

 

 

 

 



v 
 

ACKNOWLEDGEMENT 

First of all, I would like to thank my PhD supervisor, Dr. Joy C MacDermid. The 

completion of my doctoral thesis cannot be imagined and would not have been possible without 

your incredible support and constant flow of motivation given throughout my studies. I have 

learned so much in these four years that I believe I must sometime write a book on my learning 

experiences, I had during the PhD phase of my life with the best mentor and a very calm, down 

to earth human being. You have not only taught me to be a good graduate trainee, productive 

researcher, writer, mentor, presenter, colleague, team-worker, listener but have given me tons of 

opportunities to learn from your trust, kindness, understanding, motivation, thoughtfulness, 

advice, knowledge, expertise, hard work, work ethics, resources, leadership, decision making, 

enthusiasm, originality, determination, perseverance, strength, forgiveness, fairness, politeness, 

empathy, patience and most importantly work-life balance. 

I am so thankful that you have well understood my clinical and research interests and 

provided me all the timely scholarship/networking opportunities (at both McMaster and Western 

University) and resources to conduct a thesis project with my own research questions and to 

translate the findings at both national and International platforms.  I am very much thankful to 

you for the timely advice, detailed and constructive feedback on my manuscripts and scholarship 

applications, reference letters, patience towards my questions and thoughtful answers to deepen 

my understanding so that I can contribute to clinically important research project. 

I must deep heartedly appreciate your kind concern for my success as a graduate 

trainee/professional and thoughtfulness for my growth as a future clinician scientist and a good 

human being. This has always kept me motivated to do many new things for the first time in my 

professional and personal life and helped me in decision making, many a times.  I will always be 

very much indebted to you forever for all the opportunities you have offered me (to an 

International student) during my PhD training and to prepare me for my future success. I really 

feel so much blessed to have you as my PhD supervisor and will be always short of words to 

thank you for all the inspiration and support you have given me as a blessing over these four 

years. Dr. MacDermid, You are truly awesome! 

I would also like to extend my sincere thanks to my supervisory committee members, Dr. 

Ruby Grewal and Dr. Karen Beattie for their timely constructive and thoughtful feedback on my 

manuscripts. Dr Grewal, in addition to your content expertise reflected in your feedback, I am 

glad that your feedback has helped to learn the right use of articles (a, an, the). Dr. Beattie, a 

special thanks to you for accepting my request to be my committee member at a short notice and 

providing me your valuable and expert feedback on my entire thesis document. 

I would also like to thank my previous supervisory committee member Dr. Norma MacIntyre 

who is unfortunately on medical leave these days. I am thankful to Dr. MacIntyre for her detailed 

and thoughtful feedback on the complete proposal during the early phase of my thesis research 

project. Her content expertise has helped me conduct a thoughtful thesis project which can be 



vi 
 

finished within the expected timeline and can make an important contribution in the area of bone 

health and secondary prevention. I wish her early recovery. 

Furthermore, this research would not have been possible without the financial support 

from CIHR Strategic Training Program in Musculoskeletal Health Research and Leadership and 

Joint Motion Program at Western University, School of Rehabilitation Sciences Scholarship, CN 

graduate Scholarship, School of Graduate Studies Scholarship, International Excellence Award 

and generosity of Dr. Joy MacDermid to support my PhD studies over four years and cover 

thesis related expenses from her CIHR Team Bone grant. I deep heartedly thank them all. 

I would like to sincerely thank and appreciate the time as well as kind willingness of all 

the patients who volunteered to participate in this study and helped me to complete my thesis 

work. I thank the research assistants working at HULC for providing me access to the 

information required to conduct my thesis work. Specifically, I thank Dr. MacDermid research 

assistant Katrina Munro at St. Joseph Healthcare, London ON to accommodate my patient 

appointments for bone mineral density testing in her busy schedule. I thank Dr. MacDermid 

research assistant Margaret Lomotan at McMaster University for providing me timely 

appointments so that I could meet Dr. MacDermid to clear my doubts and get her advice when 

needed. I appreciate her timely response to all students to accommodate their needs. 

I thank all my teaching assistant (TA) supervisors during all four years of my PhD 

training to support me financially. I must thank them for accommodating the TA tasks to adjust 

with my study schedule which allowed me to enjoy my role and learning experience as a TA at 

School of Rehabilitation Sciences. I also thank all faculty members at SRS, colleagues, Achieva 

Health and few of my very good friends for their support and learning experiences they have 

offered during my journey towards completing my PhD. In particular, I must thank my best 

colleague Tara Packham as she was the one who has selflessly helped me a lot with her timely 

and thoughtful feedback on my scholarship/grant applications throughout my PhD training. I 

appreciate her sincere advice and empathy, while I have been in the phase of dilemma and 

needed someone’s opinion.  Having her as an awesome, friendly & knowledgeable colleague 

meant a lot for me. I would also deeply acknowledge my gratitude to McMaster University for 

all the opportunities/resources offered for my growth as an International student. 

I would like to thank my parents and younger sister for permitting (without their wish) 

and consistently supporting me all four years to pursue my career interests. Above all, my 

deepest gratitude and thanks goes to my Almighty “Goddess Durga” for being there as my 

biggest strength and forever best friend during lonesome period of my PhD journey. I thank my 

goddess for keeping her available for 24/7 to listen all my worries/fears, helping me to find 

solutions, taking care of my parents, giving me direction, decision making ability, strength, 

motivation, blessings & making my solitary journey worth-living, successful and joyful. I would 

like to dedicate this thesis to my Goddess, my parents and my PhD supervisor without whose 

support I could not be here where I am today. 



vii 
 

TABLE OF CONTENTS 

 

LAY ABSTRACT ...................................................................................................................................... iii 

ABSTRACT ................................................................................................................................................ iv 

ACKNOWLEDGEMENT .......................................................................................................................... v 

TABLE OF CONTENTS ......................................................................................................................... vii 

ABBREVIATIONS AND SYMBOLS ...................................................................................................... xi 

DECLARATION OF ACADEMIC ACHIEVEMENT ......................................................................... xiv 

 

CHAPTER ONE ......................................................................................................................................... 1 

INTRODUCTION ....................................................................................................................................... 1 

Falls and Osteoporotic Fractures .............................................................................................................. 1 

Distal radius fracture (DRF) ...................................................................................................................... 2 

DRF as an early indicator of poor bone health, subsequent falls and OP fractures ............................. 5 

Risk factors for poor bone health, subsequent falls and OP fractures after DRF ................................ 7 

Knowledge to practice gap ......................................................................................................................... 8 

An ideal time to target this research ....................................................................................................... 11 

Main focus of Thesis ................................................................................................................................. 12 

Specific objectives of the thesis manuscript ............................................................................................ 12 

References .................................................................................................................................................. 13 

 

CHAPTER 2. ............................................................................................................................................. 25 

RECOVERY PATTERNS OVER FOUR YEARS AFTER DISTAL RADIUS FRACTURE: 

DESCRIPTIVE CHANGES IN FRACTURE-SPECIFIC PAIN/DISABILITY, FALL RISK 

FACTORS, BONE MINERAL DENSITY AND GENERAL HEALTH STATUS ............................ 25 

ABSTRACT ............................................................................................................................................... 28 

INTRODUCTION ..................................................................................................................................... 30 

METHODS ................................................................................................................................................ 32 

RESULTS .................................................................................................................................................. 38 

DISCUSSION ............................................................................................................................................ 41 

CONCLUSIONS ....................................................................................................................................... 51 

REFERENCES .......................................................................................................................................... 53 

Table 1 Baseline characteristics of the study population with distal radius fracture (n=94) ...................... 62 



viii 
 

Table 2 Comparison of outcome measures between participants and non-participants at baseline and six 

month follow-up.......................................................................................................................................... 65 

Table 3 Descriptive characteristics of outcome measures at baseline, 6 months and 4 years of follow-up: 

mean (SD), mean change (95% CI) and effect size (95% CI) .................................................................... 66 

Table 4 Within and between group differences in outcome measure based on sex, age, incidence of 

subsequent falls and fractures at baseline, 6 months and 4 years of follow-up .......................................... 68 

Fig. 1. Flowchart of patient recruitment and retention ............................................................................... 74 

Fig. 2a. Longitudinal changes in self-reported outcome measures at baseline, 6 months and at 4 years 

after distal radius fracture ........................................................................................................................... 75 

Fig. 2b. Longitudinal changes in bone mass at baseline, 6 months and at 4 years after distal radius 

fracture ........................................................................................................................................................ 76 

Fig. 3. Longitudnal changes in SF12-Physical component summary scores at baseline, 6 months and at 4 

years after distal radius fracture .................................................................................................................. 77 

Fig. 4. Longitudnal changes in SF12-Mental Component Summary scores at baseline, 6 months and at 4 

years after distal radius fracture .................................................................................................................. 78 

 

CHAPTER 3 .............................................................................................................................................. 79 

ASSOCIATION OF MODIFIABLE RISK FACTORS WITH BONE MINERAL DENSITY 

AMONG PEOPLE WITH DISTAL RADIUS FRACTURE: A CROSS SECTIONAL STUDY ...... 79 

ABSTRACT ............................................................................................................................................... 81 

INTRODUCTION ..................................................................................................................................... 82 

METHODS ................................................................................................................................................ 84 

Table 1 List of predictors and outcome assessed at the baseline ............................................................... 85 

RESULTS .................................................................................................................................................. 87 

Table 2 Descriptive characteristics (age-based) of studied variables among people with distal radius 

fracture (n=190) .......................................................................................................................................... 88 

Table 3 Descriptive characteristics (sex-based) of studied variables among people with DRF (n=190) ... 89 

Table 4 Bivariate correlation and univariate association between individual modifiable risk factors and 

bone mineral density (BMD-Femoral neck and BMD-Total hip) .............................................................. 91 

Table 5 Unadjusted linear regression modelling of the association of modifiable risk factors on BMD ... 93 

Table 6 Independent predictors of bone mineral density: Results from stepwise multiple linear regression 

for full sample ............................................................................................................................................. 94 

Table 7 Independent predictors of bone mineral density at femoral-neck: Results from stepwise multiple 

linear regression in age stratified female sample ........................................................................................ 95 

DISCUSSION ............................................................................................................................................ 96 

CONCLUSIONS ..................................................................................................................................... 101 



ix 
 

KEY MESSAGES ................................................................................................................................... 101 

What is already known on this topic ..................................................................................................... 101 

What this study adds .............................................................................................................................. 102 

REFERENCES ........................................................................................................................................ 103 

 

CHAPTER 4 ............................................................................................................................................ 112 

RISK FACTORS PREDICTING SUBSEQUENT FALLS AND OSTEOPOROTIC FRACTURES 

AT FOUR YEARS AFTER DISTAL RADIUS FRACTURE – A PROSPECTIVE COHORT 

STUDY ..................................................................................................................................................... 112 

ABSTRACT ............................................................................................................................................. 114 

MINI ABSTRACT .................................................................................................................................. 116 

INTRODUCTION ................................................................................................................................... 117 

METHODS .............................................................................................................................................. 119 

RESULTS ................................................................................................................................................ 127 

DISCUSSION .......................................................................................................................................... 131 

CONCLUSIONS ..................................................................................................................................... 137 

REFERENCES ........................................................................................................................................ 139 

Table 1 Demographics and injury characteristics of the participants (n=113) ......................................... 151 

Table 2 Univariate association of risk factors with subsequent incident falls: Results from logistic 

regression modelling ................................................................................................................................. 154 

Table 3 Univariate association of risk factors with subsequent incident osteoporotic fractures: Results 

from logistic regression modelling ........................................................................................................... 156 

Table 4 Multivariate logistic regression model of risk factors for subsequent falls among patients with 

distal radius fracture .................................................................................................................................. 158 

Table 5 Multivariate logistic regression model of risk factors for subsequent fractures among patients 

with distal radius fracture .......................................................................................................................... 159 

Table 6 Probability and discriminative ability of our prediction model ................................................... 160 

Fig. 1 Flowchart of patient recruitment and retention .............................................................................. 161 

Fig. 2 Description of site of secondary osteoporotic fracture ................................................................... 162 

Fig. 3 ROC curve for prediction model 2 and 3 to predict secondary incident falls in patients with distal 

radius fracture ........................................................................................................................................... 163 

Fig. 4 ROC curve for prediction model 2 and 3 to predict secondary incident osteoporotic fractures in 

patients with distal radius fracture ............................................................................................................ 164 

 

CHAPTER 5. ........................................................................................................................................... 165 



x 
 

DISCUSSION AND CONCLUSIONS .................................................................................................. 165 

Contextual Overview .............................................................................................................................. 165 

Overall summary of thesis results ......................................................................................................... 167 

Contribution of the thesis to the literature and clinical practice ........................................................ 168 

Limitations ............................................................................................................................................... 172 

Future Recommendation ........................................................................................................................ 173 

Conclusions .............................................................................................................................................. 174 

References ................................................................................................................................................ 175 

 

APPENDICES ......................................................................................................................................... 181 

Ethics Approval from Western University ........................................................................................... 182 

Covering letter ......................................................................................................................................... 183 

Patient Information Sheet and Consent Form ..................................................................................... 184 

Consent to participate in the study ........................................................................................................ 187 

Telephone Script for Recruitment ......................................................................................................... 188 

 

  



xi 
 

ABBREVIATIONS AND SYMBOLS 

 

ANOVA   Analysis of Variance 

AUC    Area under curve 

BBS     Biodex Balance system 

BMD     Bone mineral density 

BMD-FN    Bone mineral density at femoral neck 

BMD-TH   Bone mineral density at total hip 

CI    Confidence interval 

CIHR    Canadian Institute of Health Research 

CPGs    Canadian Clinical Practice Guidelines 

DEXA    Dual-Energy X-ray Absorptiometry 

DRF    Distal radius fracture 

ED    Emergency department 

ES    Effect size 

FOF    Fear of falling 

FRT    Fall risk test 

HS    Health status 

HULC    Hand and Upper Limb Centre 

ICC    Intraclass correlation coefficient 

KE    Knee extensor 

LE    Lower extremity 

LL    Log likelihood 

LS    Lumbar spine 

MCS    Mental component summary 

MCID    Minimal clinically important difference 

MFES    Modified Fall Efficacy Scale 



xii 
 

NA    Not Applicable 

ND    Non-dominant 

NICE    National Institute for Clinical Excellence 

NOF    National Osteoporosis Foundation 

NORA    National Osteoporosis Risk Assessment 

NS    Non-significant 

OP    Osteoporotic 

OR    Odds Ratio 

PA    Physical activity 

PF    Plantar flexion 

PCS    Physical component summary 

PMW    Postmenopausal women 

PRWE    Patient-Rated Wrist Evaluation 

PST    Postural stability test 

QoL    Quality of Life 

RAPA    Rapid Assessment of Physical Activity 

ROC    Receiver-Operator Characteristic 

SD    Standard deviation 

SF-12v2   12-item Short Form Health Survey 

TH    Total Hip 

TUG    Timed Up and Go Test 

US    United States 

USD    United States Dollar 

VIF    Variance Inflation Ratio 

WHO    World Health Organization 

p    Level of significance 

w.r.t.    With respect to 



xiii 
 

6m    6-month 

4y    4-year 

**    Significant at p <0.001 

*     Significant at p <0.05 

B     Unstandardized regression coefficient; 

β     Standardized regression coefficient 

r     Pearson correlation coefficient 

rp    Partial correlation coefficient 

R
2
     Coefficient of determination 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiv 
 

DECLARATION OF ACADEMIC ACHIEVEMENT 

 

This thesis is a sandwich thesis consisting of 3 manuscripts prepared for peer reviewed 

publication. The student contribution in each manuscript is described below. 

For all 3 manuscripts, Neha Dewan conceptualized the research questions, study design, data 

collection (where applicable as in manuscript 1 and 3), data analysis, writing and revising the 

drafts of the manuscripts. 

Dr. Joy MacDermid provided continued guidance during all phases of this thesis work including 

refining the study objectives, providing her expert advice on study design, data collection, 

analysis, editing and providing detailed feedback on each of the manuscript. Dr. MacDermid 

provided access to her high quality patient database located at Hand and Upper Limb Center 

from which baseline data was extracted. 

Dr. Ruby Grewal and Dr. Karen Beattie provided their timely content specific valuable feedback 

and edits on all the manuscripts. 

 

 

 

 

 

 

 

 

 



 

1 
 

CHAPTER ONE 

INTRODUCTION 

Falls and Osteoporotic Fractures 

Falls are very common among older adults.
1
 The National Institute for Clinical Excellence 

(NICE) guidelines has defined falls as “an event whereby an individual comes to the ground or 

another lower level with or without loss of consciousness.”
2,3

 In North America, an older adult is 

admitted to the emergency department (ED) due to fall-related injuries every 11 seconds and dies 

from a fall every 19 minutes.
4
 Approximately, 2.8 million Americans are annually treated in the 

ED due to fall-related injury.
5
  Further, researchers predict that by 2020, nearly four million 

elderly Americans will have a fall every year
6
 and about 12% of these falls will lead to serious 

injuries requiring hospital ED admission.
7,8

 According to the World Health Organization (WHO) 

report on global burden of disease, fall-related injuries are the second leading cause of accidental 

deaths.
9
 Furthermore, Nevitt et al. reported that nearly 57% of older adults had another fall in the 

year following their initial fall.
10

 One in five falls may lead to serious injuries including fractures 

or head injury.
11,12

 Nearly, 90% of all fractures result from a fall, typically from a standing height 

or lower.
13

 The fractures which occur from such low energy trauma are considered fragility or 

osteoporotic (OP) fractures.
14–16

 

According to the WHO, osteoporosis is defined as “a systemic skeletal disease characterized by 

low bone mass and micro-architectural deterioration of bone tissue, with a consequent increase in 

bone fragility and susceptibility to fracture.”
17

 As a consequence of bone fragility, people with 

osteoporosis are often at an increased risk of OP or fragility fracture after an episode of low 

energy trauma, such as a fall from a standing height or less.
17

 In Canada, the annual risk of OP 

fractures is higher than breast cancer, stroke and heart attack combined.
18,19

 It is estimated that 
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one in three Canadian women and one in five men over the age of 50 years will experience at 

least one OP fracture in their lifetime.
18,20,21

 

Economic burden due to falls and OP fractures 

In 2013 alone, the direct medical cost of fall injuries for people aged 65 or older reached 

$34 billion in United States (US).
22,23

 This creates a high economic burden on the health care 

system. Woolcott et al. reported that the average cost per fall leading to a visit of a patient to the 

ED in Canada is $11,408 and the average cost per fall requiring hospital admission due to fall-

related injuries approaches $30,000.
24

 The estimated cost of treating a fall is 1.85 times higher 

than implementing a fall prevention program.
25

 A physiotherapy intervention of in-patient fall 

risk screening and patient education was shown to result in 2.2 lower falls per 100 patients; and a 

cost savings of $2,704 per 100 patients treated.
26

 

Globally, OP fractures occurs every 3 seconds resulting in about 25,000 fractures daily.
27

 

OP fractures are so common that 1 in 2 women and 1 in 5 men over 50 years of age will suffer 

one in their lifetime.
28–30

 Worldwide, during the year 2000, there were an estimated 9 million new 

fragility fractures, of which 1.6 million were at the hip, 1.7 million at the wrist, 0.7 million at the 

humerus and 1.4 million symptomatic vertebral fractures.
31

 It is estimated that the annual 

osteoporotic fracture care costs nearly a sum of 20 billion USD and 32 billion EUR in the US and 

Europe, respectively.
27

 

 

Distal radius fracture (DRF) 

Mechanism, incidence and socioeconomic burden 

A distal radius fracture (DRF), commonly referred to as a “Colles fracture”, is a fall-

related low energy fracture of the distal radius seen at the cortico-cancellous junction about 2 cm 
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above the distal articular surface.
32

 It is most commonly caused by a fall on an outstretched hand 

from a standing height or lower among people over 50 years of age.
33

 Recent data from the 

largest long bone fracture study done in the US on 208,094 patients reported the radius as the 

commonest long bone to fracture followed by tibia, humerus, multiple bones, hip and femur.
34

 In 

United States, DRF has accounted for one sixth of ED visits and 26 to 46 % of all skeletal 

fractures seen in the primary health care setting.
35

 The annual incidence of distal forearm 

fractures in males and females was reported as 1.7 and 7.3 per 1000 person-years, respectively, in 

European population
36

 and > 39/10000 persons/year in developed countries.
30,37

 The incidence of 

DRF is increasing, contributing to considerable medical, social and economic burden.
38

 In the 

US, the annual cost of $ 1.1 billion is attributed to the treatment of DRF associated with 

osteoporosis.
39

 The life time risk of DRF is estimated to be 15% and 2% in white females and 

males, respectively, over the age of 50 years.
34,40

 In Canada, the 10-year risk of a forearm bone 

fracture is reported to be 6.6% among 75-84 year old females and 2.2% in males, respectively.
41

  

It is reported that white race, female sex over the age of 60 years and presence of osteoporosis are 

high risks factors for low energy fracture of the distal radius bone.
42

 The risk of mortality after 

DRF increases with age; ranging from 12% among women aged 50-64 years to 43% for elderly 

women (>85 years or older).
43

 

Treatment and Rehabilitation after DRF 

The majority of DRFs are treated conservatively. The conservative management of DRF 

primarily consists of immobilization in a brace or a plaster/fiberglass cast for 3-6 weeks.
32,44

 The 

surgical management of DRF consists of closed or open reduction, followed by internal or 

external fixation, with or without an associated period of immobilization.
45

  The optimal bony 

union following DRF is ideally achieved within 4–8 weeks, substantial healing is achieved by 8–

12 weeks, and full healing with remodeling of the underlying bone may take 6–12 months.
46

 The 
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patients are often considered appropriate for rehabilitation as soon as bone healing is visible on 

radiographs.
47

 Usual referral for a postoperative rehabilitation program is recommended at 4–6 

weeks.
48

 Studies have shown that usually patients gain optimal strength, movement, and function 

within 3–6 months.
49–51

  However, complications such as ongoing hand stiffness, complex 

regional pain syndrome, malunion, and delayed return to work often prolong the rehabilitation 

phase.
47,52,53

 

Post-immobilization, the rehabilitation of patients with DRF is primarily aimed towards 

improving wrist hand pain, grip strength and hand function.
52,54,55

 Bruder et al. reported findings 

from a survey indicating that advice and a structured home exercise are the most commonly 

administered physiotherapy intervention for patients with DRF.
56

 Despite this, there is only one 

low quality trial which showed improved function with advice and a structured home exercise 

program when compared to a control group with no intervention after plaster cast removal.
45,57

 

Furthermore, a recent Cochrane review suggests that there is insufficient evidence on the best 

form of rehabilitation for patients with DRF.
45

 

Moore et al. reported that nearly 11% of patients with DRF complained of severe pain 

and 63% of patients with DRF had some degree of pain at 1 year after DRF.
53

 Another study has 

shown that over a follow-up period of 7.6 years after the DRF, nearly 15% of women present 

with clinically important (odds ratio 1.48, 95% confidence interval 1.04 to 2.12) functional 

decline.
58

 The results from a recent study suggests that the majority of patients regain their 

function at one year after DRF but a minority of patients complain of persistent pain at rest and 

during activity at two years after DRF.
59

 However, there are a few studies suggesting that some 

patients might never regain pre-fracture upper extremity functions which might have an impact 

on quality of life (QoL).
51,60,61

 Also, it was interesting to note that patients with DRF perceive 



 

5 
 

themselves as healthy and having good QoL prior to DRF.
60

 In a 2-year follow-up study done on 

86,128 postmenopausal women (PMW), low QoL was reported among females 50-64 years of 

age with wrist fractures compared to women who did not fracture.
60

 This suggests the need to 

evaluate the QoL as an important measure post-DRF. 

Overall, there is marked variability in the surgical treatment, rehabilitation and functional 

outcomes among patients with DRF. The clinical practice guidelines for rehabilitation of DRF 

also suggest weak evidence to support current conservative, surgical management and 

rehabilitation following DRF.
62

 Under the domains of WHO International Classification of 

Functioning framework, the outcome assessment and rehabilitation of patients with DRF is 

primarily impairment based, with a focus on body structure (wrist hand pain) and function (grip 

strength, range of motion/wrist hand function). However, the rehabilitation framework of DRF 

rehabilitation needs attention towards activity, participation and bio-psychosocial domains.
47,52

 

 

DRF as an early indicator of poor bone health, subsequent falls and OP fractures 

Patients with DRF who are otherwise healthy have been reported to have a preferential 

bone loss at the distal forearm and generalized low bone mineral density (BMD) indicating poor 

bone health state.
63

 Low BMD has been reported in 70-80% of patients with a wrist fracture.
64,65 

It has been well documented that a history of a prior fall is a strong risk factor for subsequent 

falls and is often referred to as the gold standard for assessing the future fall risk in older 

adults.
2,10,66–68

. Considering that DRF among older adults is primarily fall-related, DRF is an 

early indicator for identifying those at risk of subsequent falls.
69–72

 In a prospective cohort study 

of 52 patients with DRF, 24% of the patients had two or more new falls over a period of four 

months after the injury.
73 
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Furthermore, first fractures are associated with an 86% increased risk of future fragility 

fractures.
74  

Studies suggest that a prior history of fragility or non-fragility fracture is an alarming 

predictor for subsequent fractures within five years after the first fracture.
75

 High quality 

evidence suggests that a DRF is an early and independent predictor of future OP fractures at other 

skeletal sites.
76,77

 In a 3-year follow-up of 158,940 PMW, aged 50-98 years in the National 

Osteoporosis Risk Assessment (NORA) study, it was reported that prior wrist fracture increased 

future fracture risk three fold for the wrist and two fold for OP fractures at other skeletal sites. 

This risk was independent of BMD or other common risk factors for OP fractures.
76

 Furthermore, 

cohort data from Rochester, Minnesota suggests that a DRF is associated with increased risk of 

vertebral fractures, (five-fold for women; ten-fold for men)
78

 and a two fold increase in hip 

fracture in women >70 years of age.
79

 Hodsman et al. found that although the risk of subsequent 

fractures at ten years after DRF was substantially lower than after OP fracture at other skeletal 

sites, overall risk was significantly higher than those without fracture.
37

 

Socio-economic Burden 

In North America, the second fracture in Medicare patients aged 50 year or older costs 

nearly $1.3 billion every year.
80

 Future OP fractures of the hip and spine after DRF can have a 

marked impact on morbidity, mortality and health care costs.
17,81,82

 Twenty-eight percent of 

women and 37% of men who suffer a hip fracture die within the following year.
83

 A vertebral 

fracture increases the risk of death by three times in the first and second year of follow-up.
81

 

Long-term pain, disability and fear of falling (FOF) resulting in seclusion, isolation, 

institutionalization, depression and mortality are higher following hip and spine fractures.
18

 

Taken together, subsequent falls and OP fractures can result in high physical, emotional and 

socio-economic burden. 
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Risk factors for poor bone health, subsequent falls and OP fractures after DRF 

BMD is known to be a major predictor of bone strength and shows an inverse relationship 

with fracture risk, such that a decrease in BMD by one standard deviation is found to increase OP 

fracture risk by 1.5 to 3 times.
84–87

 A recent study showed that 91 % of 106 PMW who had 

sustained a DRF met the WHO diagnostic criteria for osteopenia or osteoporosis when assessed 

for BMD using dual-energy X-ray absorptiometry (DEXA) scan.
64

 Another study has noted a 

significant decrease in BMD at six weeks of follow-up, with a mean loss of 9% (P < 0.001) 

which remained decreased at one year after DRF.
88

 The current clinical practice guidelines from 

Canada
17

 and the US
89

 recommend BMD assessments among patients with prior fragility 

fractures. However, there is some controversial evidence regarding use of BMD for fracture risk 

assessment. The NORA study and meta-analysis from an international study explain that BMD is 

a minor risk factor given clinical risk factors such as prior fragility fracture.
76,90

 

As described in previous studies, fall-related DRF places the patient at a high risk for 

subsequent falls
72,73,77

 and fragility fractures.
76,91

 This is because, after fall-related DRF, patients 

often transition to a physically inactive lifestyle due to pain, disability and FOF, which is 

theorized to increase bone loss and decrease effectiveness of protective responses through the 

deterioration of muscular strength, balance, coordination, and reaction time.
72,92–98

 

Physical inactivity
99

, muscle weakness, postural instability
100

 and FOF
101

 have been 

previously well documented as modifiable risk factors for subsequent falls and fractures among 

the older adults. Apart from modifiable risk factors, non-modifiable risk factors such as age
102–

105
, gender

99,106,107
 and a prior history of multiple falls

100,101,103,105,108
 have been identified as 

important risk factors for falls and fractures among older adults. However there are no studies 
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describing the role of these modifiable and non-modifiable risk factors for subsequent falls and 

OP fracture prediction among patients with DRF. 

 

Knowledge to practice gap 

Nearly 93% of DRF are due to a fall-related injury.
109

 Often, there is an interval between 

fall-related DRF and subsequent falls during which time, their physically inactive lifestyle, high 

FOF, impaired muscle strength and postural stability makes the patient prone to subsequent falls 

and fractures. Currently, most of the research in the rehabilitation of DRF is focused on 

evaluating changes in fracture-specific pain/disability, hand grip strength and function. 

Systematic reviews of randomized controlled trials have shown that 15% of falls can be 

prevented by multi-factorial fall risk screening.
110

 The intervention studies have reported a 

reduction in falls up to 50%.
111

 There is high quality evidence suggesting that exercise programs 

focused on improving modifiable risk factors such as physical activity (PA), muscle strength, 

postural balance and BMD can prevent subsequent falls and OP fractures among elderly.
112–118

 

Furthermore, there are reviews supporting the knowledge creation of evidence-based screening 

tools
70,72

, clinical decision tools
119,120

 for subsequent fall/fracture risk assessment and high quality 

trials
118,121–124

 on prevention strategies specific to patients with DRF. Nonetheless, audits 

conducted in Ontario
125

 Quebec
14

 and Manitoba
126

 consistently reported that nearly 80% of 

patients with fragility fracture did not receive appropriate screening and management for 

osteoporosis. Our recent survey data (abstract published) suggests that both hand and physical 

therapists have knowledge and skills for assessment and treatment of modifiable risk factors 

which can be used to identify at risk patients with DRF. 
127

 But, the majority of the therapists 

(~75%) do not identify at-risk people during the critical window between initial DRF and 
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subsequent falls and OP fractures.
127

 Despite the fact that people with DRF are at risk of 

subsequent falls and OP fractures and we have reliable and valid measurement tools for 

subsequent fall and OP fracture risk screening,
119

 there are no studies evaluating the long-term 

expected pattern of recovery in fracture-specific pain/disability, fall risk factors such as PA, FOF, 

health status (HS) and BMD.  The assessment of risk factors for subsequent falls and OP 

fractures is often missed in clinical as well as research publications evaluating outcomes among 

patients with DRF.
55,72

 We believe that data on the description of baseline status and prospective 

changes in modifiable risk factors will provide a useful piece of information to therapists about 

the course of recovery which can be expected in patients with DRF. This would help them to 

guide their agreement needed to focus on subsequent fall and OP fracture prevention for patients 

with DRF. 

The Canadian Clinical Practice Guidelines (CPGs) and National Osteoporosis Foundation 

(NOF) clinician’s guide for prevention and treatment of osteoporosis clearly states that patients 

over 50 years of age with a prior history of OP fractures such as hip or vertebral fractures must be 

assessed for BMD using DEXA.
17,128

 Furthermore, numerous studies support screening of DRF 

patients for BMD and intervening as required to prevent future OP fractures.
64,70,72,95

 There are 

studies supporting that BMD testing might aid clinical decision making for reducing subsequent 

fractures among patients with fragility fractures including DRF.
124,129

 Surprisingly, CPG from the 

American Academy of Orthopedic Surgeons and systematic reviews summarizing effective 

treatment and rehabilitation of DRF do not report this recommendation.
62,130

 Also, studies from 

the US
131–133

 Canada
125,134

, Ireland
135

 and many other countries
136,137

 reported that only 10-20% 

of patients with wrist fractures were assessed and treated for osteoporosis. The cost and 

accessibility to DEXA could be an important concern due to lack of agreement regarding medical 
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coverage especially among middle aged, paradoxically healthy individuals such as those with 

DRF.
84

 Considering that it is important to identify patients with DRF who are at risk of low 

BMD, it could be a useful approach to investigate the modifiable factors which could influence 

BMD among patients with DRF. There are studies evaluating modifiable risk-factor which can 

predict BMD among patients with stroke
138

, diabetes
139

, healthy post-menopausal women
140

 and 

older adults
141

, but there are yet no studies evaluating risk factors which can predict BMD among 

patients with DRF. 

Similarly, high quality research in the last few decades has emphasized 

identification
100,101,142–145 

and physical therapy management
112–116,146

 to mitigate multiple 

modifiable risk factors as a means of reducing  the burden of  falls and OP fractures in 

community-dwelling elderly
100,101,143

,
 
PMW

100,101,143,145 
and people with hip fractures.

142,144 

However, there is limited evidence to quantify which of these modifiable risk factors are an early 

and sensitive indicator of subsequent falls, OP fractures and poor bone health in the fall-related 

DRF population who are relatively young and potentially healthier. The most widely cited 

fracture risk prediction tools such as fracture risk assessment tool
147

 and Garven model
148

 assess 

5-10 year absolute fracture risk and do not include modifiable risk factors related to physical 

functioning such as balance, muscle strength, PA, FOF, and self-efficacy which can be easily 

targeted in physical/hand therapy practice for future fall and OP fracture prevention. 

A 2010 narrative review published on hand therapy management of DRF suggested that 

therapists have unique training skills and opportunity to screen and intervene the patients with 

DRF with a significant fall risk.
72

 Furthermore, academic curriculum and basic training of 

physical therapy education includes assessment and treatment of risk factors related to falls and 

osteoporotic fractures.
77,149,150

 However, over the course of specialization, therapists have not 
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continued to use these skills and miss the opportunity to prevent subsequent falls and OP 

fractures during the rehabilitation of patients with DRF.
55,56,72,92

 

Given that there is a well-established relationship between DRF and subsequent falls and 

OP fractures at other skeletal sites within three to four years,
76

 physical therapists need clear 

information and understanding on the risk factors which can be used to identify those who are at 

risk of future falls and OP after a DRF. To the best of our knowledge, we have conducted the first 

long term prospective study exploring the role of common modifiable risk factors  (independently 

or in combination with BMD and non-modifiable risk factors) on subsequent falls and OP 

fractures in DRF population. 

 

An ideal time to target this research 

We believe now is the ideal time to conduct this research project due to many factors. 

DRF is the most common low trauma fracture and is early enough in the “slippery slope” that it 

is an ideal time to intervene for risk factor identification for subsequent fracture prevention. Few 

studies have evaluated the effect of modifiable risk factors such as balance
97

 and physical 

performance
98

 in the wrist fracture population. However, most of the existing evidence is cross-

sectional.
93,96,97

 Our proposed study builds on a previously completed Canadian Institute of 

Health Research funded study that evaluated change in PA and participation at 1-year following 

DRF.
120

 Thus, high quality baseline data collected as part of the funded study allowed us to 

provide a good foundation to collect follow-up reports on modifiable risk factors, new falls and 

incident fractures at 4 years.  Furthermore, availability of baseline data collected from January 

2012 to December 2013 was well aligned with the timeline of PhD training of the primary 

investigator to conduct a long-term follow-up study in a timely and feasible manner. 
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Main focus of Thesis 

Our primary focus in all the manuscripts included in this thesis is to provide objective 

evidence on the role of modifiable risk factors which can be addressed (assessed and intervened) 

in patients with DRF. We believe the quantitative information/knowledge and understanding on 

expected recovery patterns and the role of these modifiable risk factors to predict BMD, 

subsequent falls and OP fractures would shift the focus of rehabilitation towards implementing 

subsequent fall and OP fracture prevention for patients with DRF. 

Specific objectives of the thesis manuscript 

Manuscript 1: The purpose of this manuscript was to describe the status of fracture-specific 

pain/disability, fall risk factors (PA and FOF), BMD and general health and how these change 

over four years following DRF; and whether they differ with respect to gender, age and 

incidence of subsequent falls and OP fractures. 

Manuscript 2: The purpose of this manuscript was to determine the extent to which modifiable 

risk factors such as balance, muscle strength, PA and fracture-specific pain/disability alone or in 

combination explains BMD and to investigate the independent predictors of BMD among an age-

stratified sample of people with DRF 

Manuscript 3: The purpose of this manuscript was to determine the extent to which baseline 

modifiable clinical risk factors such as balance, lower-extremity muscle strength, hand grip 

strength, PA, FOF, fracture-specific pain/disability, BMD and general health could predict 

subsequent falls and osteoporotic fractures in people at four years after DRF. 
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Abstract  

Study Design: Descriptive/Longitudinal cohort 

Introduction: Distal radius fracture (DRF) is a common fall-related fragility fracture that is 

known to be an early and independent predictor of secondary osteoporotic (OP) fractures. 

Changes in falls risk status, bone status and general health has not been evaluated prospectively 

in a population that has sustained a DRF. 

Purpose of the Study: The purpose of our study was to describe the status of fracture-specific 

pain/disability, fall risk factors such as physical activity (PA) and fear of falling (FOF), bone 

mineral density (BMD) and general health status (HS) in people with a DRF and how these 

variables changed over four years with respect to sex, age, incidence of subsequent falls and OP 

fractures. 

Methods: Patients (n=94) self-reported their fracture-specific pain and disability (Patient-Rated 

Wrist Evaluation), PA (Rapid Assessment of Physical Activity), FOF (Modified Fall Efficacy 

Scale), HS (12-item Short Form Health Survey) and completed dual-energy X-ray 

absorptiometry scan based BMD assessment (lumbar spine and total hip) at baseline (1-2 weeks 

post-fracture), six months and four years after DRF. Descriptive statistics and general linear 

models were used to describe changes in recovery patterns over four years. 

Results: There was significant (p<0.001) improvement in fracture-specific pain/disability (60 

points), FOF (1 point) and physical HS (11 points) between baseline and 4-year follow-up. There 

were no significant changes in PA and BMD. When stratified on age, sex, presence of 

subsequent falls and OP fractures, there were no significant differences in fracture-specific 

pain/disability, PA, FOF, and BMD at baseline, six months or four years after DRF. The physical 
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HS was significantly (p<0.05) less/poorer among those with subsequent falls (lower by 2-6 

points) and fractures (lower by 5-6 points) compared to those without. Similarly, mental HS was 

significantly (p<0.05) poorer among people with subsequent falls (lower by 2-6 points) and in 

50-64 year age group (lower by 3-5 points) than those without subsequent falls and in 65-80 year 

age group, respectively. 

Conclusion: Post DRF, the majority of the improvement in fracture-specific pain/disability, FOF 

and HS was completed at six months and very small changes were observed between the six 

months and four-year  follow-up. 

Keywords: distal radius fracture, osteoporosis, bone density, wrist pain, health status, falls 

Level of Evidence: NA 
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Introduction 

The distal radius is one of the most commonly fractured long bones.
1
 Distal radius fractures 

(DRF) account for one-sixth of all emergency department visits
1,2

 and constitute 26-46% of all 

skeletal fractures observed in the primary care setting.
3–8

 DRF are most commonly caused by a 

fall on an outstretched hand from a standing height or lower among people 50 years or older.
9
 

Studies suggests that elderly women are at a five times higher risk of DRF than men as a result 

of considerable secondary bone loss due to menopause.
10

 During the recovery phase, many 

factors such as age, sex, injury compensation, education, pre and post-reduction radial shortening 

and joint involvement play an important role in predicting outcomes following DRF.
11

 The 

overall recovery pattern after DRF is quite variable, but the majority of patients achieve optimal 

muscle strength, range of motion, and function within 3–6 months, regardless of whether the 

injury is managed conservatively or surgically.
12

 However, 16 % of individuals have ongoing 

pain and disability at one year after DRF.
13,14

 In some cases, complications such as ongoing hand 

stiffness, complex regional pain syndrome, mal-union and delayed return to work might prolong 

the rehabilitation phase.
14–16

 

Among older adults, DRF is often low-energy fall-related fracture which puts the patient 

at risk of subsequent falls. Globally, it is estimated that nearly one in three people over 65 years 

of age fall every year.
17,18

 Among community-dwelling older adults, 66 % of people tend to have 

another fall in the year following their first fall.
19

 Though the etiology of subsequent falls is 

multifactorial, reduction in physical performance,
20

 balance,
21,22

 and increased fear of falling 

(FOF)
23

 have been reported after a fall-related DRFs. Many studies have reported FOF as an 

independent risk factor for falls among older adults.
24–26

 Another important issue after DRF is 

increased bone resorption.
27

 Increased bone resorption or reduction in bone mineral density 
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(BMD) is considered an important marker of future osteoporotic (OP) fractures.
28–30

 Prospective 

data from the National Osteoporosis Risk Assessment study reported that a previous DRF 

increased the relative risk of any secondary OP fracture more than two times compared with 

American women who did not have a prior DRF.
31

 

It is estimated that nearly 21% of DRF patients retain long-term functional limitations 

indicating the potential that this injury may affect general physical and mental health status 

(HS).
12,32–34

 Currently, rehabilitation of patients with DRF is primarily focused on assessment 

and treatment of wrist and hand function.
35–37

 Similarly, the majority of the research studies have 

focused on evaluating changes in fracture-specific pain/disability as a measure of patient 

recovery and have not given much consideration to evaluate changes in fall risk factors (such as 

physical activity (PA) and FOF), BMD and general HS.
13,32,35,38,39

 Given the fact that transition 

to a physically inactive lifestyle, high FOF, poor HS and reduction in BMD are important 

modifiable concerns which should be considered in rehabilitation of DRF, we realized the need 

for long-term prospective data to establish the course of recovery pattern in patients with DRF. 

A few studies have prospectively evaluated the change in outcomes for fracture-specific 

pain/disability, function, and general HS in patients with DRF at six months,
13,38,39

 one 

year,
13,39,40

 two years,
41,42

 six years
41,42

 and ten years
41

 of follow-up. To the date, we do not have 

long-term prospective evidence on the course of recovery in modifiable risk factors such as 

pain/disability, PA, FOF, BMD and general HS in a single dataset of patients with DRF. 

Furthermore, both age and sex are known to be important prognostic factors that could affect the 

course of recovery after DRF.
43

 Studies have suggested that females and older individuals have 

shown poor recovery patterns in fracture-specific pain/disability and physical performance after 

DRF.
44–46

 It might be that the DRF acts as a trigger event for a specific group of people to change 
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their behavior because of the experience of the injury, or because of the fracture-specific 

pain/disability that persist after fracture healing. Therefore, it is important to understand if there 

are any differences in recovery patterns with sex, age, incident subsequent falls and OP fractures. 

The purpose of our study was threefold: i) to describe the status of fracture-specific 

pain/disability, fall risk factors (PA and FOF), BMD and general health; ii) to describe how these 

characteristics change over four years following DRF; and iii) to determine whether these 

characteristics differ with respect to sex, age, and incidence of subsequent falls and OP fractures. 

Methods 

Study Design and Study Population 

This was a prospective cohort study conducted at the Roth-McFarlane Hand and Upper 

Limb Centre (HULC), London, Ontario. The study was approved by Research Ethics Board of 

University of Western Ontario. Patients (n=191) were aged 50-80 year old and diagnosed with 

DRF who had previously consented to baseline and 6-month (6m) follow-up assessments were 

invited to participate in this longer term follow-up study. The exclusion criteria were a) unable to 

respond to informed consent b) unable to complete assessment procedures and/or c) previous 

known history of neurological/cognitive impairments. 

Procedure 

At baseline and 6m of follow-up, a questionnaire on demographic characteristics, 

fracture-specific pain and disability, PA, FOF, health status and BMD assessment were 

completed by the patients during their hand clinic visit at HULC. For the final 4-year (4y) 

follow-up assessment, a package consisting of the letter of invitation, patient information sheet, 

consent form, self-reported questionnaires and a pre-paid envelope was mailed to the patients. 
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The self-reported questionnaires were used to obtain information on patient fracture-specific pain 

and disability, PA, FOF and general HS. A short questionnaire on the incidence of subsequent 

falls in the last 6m (n≥1; yes/no), the presence of a clinically diagnosed new fracture (after a first 

wrist fracture) at any site (n≥1; yes/no), and the nature of any fracture was also enclosed within 

the package.  Patients were requested to return the completed questionnaires with the signed 

consent form in the stamped self-addressed envelope within two weeks. Up to two reminder 

phone calls were made by the principal investigator (ND) to all non-responders at 4-5 weeks 

after the first mail. Those patients who provided their informed consent and returned their mailed 

package were invited by a phone call to schedule an appointment for BMD evaluation at HULC. 

Those patients who failed to attend their scheduled appointment were phoned to reschedule the 

appointment at an alternate date of mutual convenience. In case of incomplete response on 

incidence of subsequent fall/fracture, participants were phoned to obtain their response. The 

patient’s sex, age, occupation, body mass index, hand dominance, smoking, alcohol intake and 

education status were extracted from standard data record forms completed by the patients at 

baseline. 

Outcome measures 

Fracture-specific pain/disability 

Fracture-specific pain and disability was assessed using the Patient-Rated Wrist 

Evaluation (PRWE), a standardized 15-item questionnaire.
47

 The PRWE consists of 2 subscales 

evaluating pain and disability at the wrist and hand. The total score can range from 0-100 with a 

higher score indicating more pain and functional disability. The PRWE is a reliable (ICC>0.90)
47

 

and valid outcome measure (Standardized response mean=2.27) used to evaluate fracture-

specific pain/disability in the DRF population.
48

 An improvement by 11.5 points and 11 points is 
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respectively considered as minimal clinically important difference (MCID) and minimal 

detectable change in PRWE scores for patients with DRF.
49

 

Fall-risk factors 

PA was evaluated using the 10-item Rapid Assessment of Physical Activity (RAPA) 

questionnaire.
50

 The RAPA is a brief self-administered questionnaire used to assess a wide range 

of current level of physical activities ranging from sedentary to vigorous activity as well as 

strength and flexibility training in adults older than 50 years of age. Each question is answered as 

a yes/no response and a score ≥6 suggests a good level of physical activity. RAPA has good 

reliability and validity (when compared to Community Healthy Activities Model Program for 

Seniors) for physical activity assessment, particularly in the older adult with sensitivity=81%, 

positive predictive value=77%, and negative predictive value =75%.
50,51

 

FOF was assessed using the Modified Fall Efficacy Scale (MFES), a 14-item 

questionnaire used to evaluate confidence in one’s ability to avoid falling while performing 

activities of daily living. The reliability (ICC=0.93, Cronbach’s alpha=0.95) and validity of the 

MFES have been well established in older adults. Subjects are asked to rate their confidence in 

performing each activity without falling on a scale ranging from 0 (not confident) – 10 

(completely confident). The total score is computed as an average score across all 14 items, and a 

score of less than 8 indicates reduced confidence and high FOF.
52,53

 

Bone mineral density 

BMD was measured at the lumbar spine (L2-L4) and hip (left/non dominant) using dual-

energy X-ray absorptiometry (DEXA) by a trained health professional at the HULC. DEXA is 

widely recognized as a gold standard method, 
54,55

 to measure BMD in men and postmenopausal 

women over the age of 50 years with acceptable accuracy errors, good precision, and 
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reproducibility.
54

 A DEXA measurement can be completed in about 5 min and involves minimal 

radiation exposure (about one-tenth that of a standard chest X-ray).
55

 Areal BMD was expressed 

in grams per square centimeter. We selected BMD and T-score assessments from lumbar spine 

(LS) and total hip (TH).  The LS is considered to be the best site to evaluate the effect of 

treatment or change in scores 
54–56

; and some studies also reference the use of TH scans due to 

the larger area of bone coverage.
28,57,58

 The T-scores which is “the difference between the 

measured BMD and the mean value of young adults, expressed in standard deviation (SD) for a 

normal population of the same gender and ethnicity” were recorded from the DEXA scans as 

given by the manufacturer.
55,59

 The World Health Organization’s (WHO) definition of 

osteoporosis was used to categorize the patients as normal with T-score of -1 or higher, 

osteopenia with T-score between -1 and -2.5 and osteoporosis with T-score of -2.5 or lower.
60

  

For the DEXA scans available at HULC; the reference manual suggests that to ensure a 

significant change in T scores (LS or TH) at 95% confidence level over a period of one year, the 

expected precision at the T score is multiplied by 3 to account for any precision error. For actual 

T scores of 0 to 2.49, -2.5 to -3.5, less than -3.5, the expected precision is ± 0.010 g/cm
2
, ± 0.015 

g/cm
2 

and
 
± 0.020 g/cm

2
 respectively. To be 95% confident that significant change has occurred, 

we needed a change in BMD by ± 0.030 g/cm
2
, ± 0.045 g/cm

2
, ± 0.060 g/cm

2
 respectively.

55
 

General health status 

General health was evaluated using the 12-item Short Form (SF-12v2) Health Survey, an 

improvised 12-item version of the 36-item Short Form Survey (SF 36). SF-12v2 is a generic self-

report measure with well-established reliability and validity,
61–63

 and is commonly used to 

measure the functional health and well-being from the patient’s perspective. The 12 items of the 

SF-12v2 measure 8 health domains of the original 36-item questionnaire: physical functioning (2 
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items), role physical (2 items), bodily fracture-specific pain/disability (1 item), general health (1 

item), vitality (1 item), social functioning (1 item), role emotional (2 items), and mental health (2 

items).
63

 The response scale for the 12 items varies across and within the scales. These domains 

can be categorized into two distinct concepts known as a physical component summary (PCS) 

and a mental component summary (MCS) score which can be calculated from SF-12v2 based on 

a population norm-based scoring function. Subscale and summary scores can be calculated with 

Quality Metric Health Outcomes Scoring Software 4.5 (copyright Quality Metric, Lincoln, 

Rhode Island, USA 2004–2011). The total score varies from 0 to 100, with a higher score 

indicating better functioning, well-being or general HS. A score of 50 or more indicates a 

positive perception of health and a score below 50 indicates a negative perception. It takes 

approximately 2-3 minutes to complete SF-12v2.
63

 

Definition of fall, and incident OP fractures 

A “Fall” was defined as an unintentional change in position resulting in coming to rest at 

a lower level such as chair or on the ground.
64

 Incident OP fractures were defined as any new 

fracture that occurred after the baseline visit at sites which were age dependent and have shown a 

graded relationship with the BMD such as proximal femur, vertebral, forearm, humerus, rib, 

pelvis, clavicle, scapula and sternum.
65,66

 Fractures of distal tibia and fibula were considered as 

OP fractures only in females but not in males. Fracture of any other bones such as ankle, hands, 

fingers, feet, toes, patella, face and skull were not considered as an OP fracture.
65,66

 

Statistical Analysis: 

Statistical analyses were done using Statistical Package for Social Sciences for Windows 

(SPSS version 23, IBM SPSS Inc., Chicago, Ill., USA). Mean ± SD and percentage (%) were 

used to describe the demographic characteristics of the participants. Data were tested for 
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normality and considering central limit theorem,
67

 (sample size>30) parametric tests were used 

for statistical analysis. The statistical significance was set at alpha < 0.05 at a 95% confidence 

interval. Independent t-tests were used to compare the outcomes between participants (those who 

completed assessment on all the outcome measures at baseline, 6m and 4y) and non-participants 

(those who had baseline and 6m assessment on all the outcome measures but did not participate 

at long-term follow-up) at baseline and 6m of follow-up. A general linear model with repeated 

measures of analysis of variance (ANOVA) was used with time as the within-participant factor at 

three levels (baseline, 6m, and 4y) to compare the change in scores over four years in the whole 

sample. Mauchly’s test of sphericity was used to test the homogeneity of variance. In the case of 

significant Mauchly test results for sphericity, Greenhouse-Geisser correction was considered to 

adjust the tests, as recommended by Portney and Watkins.
68

 Sidak’s correction was considered 

for the multiple pairwise comparisons. 

To examine if the change scores were meaningful, effect size (ES) was computed as the 

ratio of mean change scores (δᵪ = x2 – x1) to the standard deviation of baseline scores (SDbaseline). 

Mathematically, ES =  δᵪ/ SDbaseline where δᵪ is mean change,  x1 and x2 represents mean scores 

assessed at baseline and follow-up assessments respectively. For the purpose of clinical decision 

making, we used the Cohen’s benchmark to indicate the magnitude of effect size i.e. trivial (ES 

<0.2), small (ES ≥0.2 to <0.5), moderate (ES ≥0.5 to <0.8) or large (≥0.8).
69

 We used STATA 14 

software to compute effect size in this study. A 3x2 general linear model (Mixed model 

ANOVA) with time as a repeated factor at 3 levels (baseline, 6m, and 4y) and group as the 

between participant factor was used to examine the recovery patterns within the subgroups and to 

determine if the course of recovery differs with sex (male/female), age (50-64 year/65-80 year), 

incidence of subsequent falls (yes/no) and fractures (yes/no). 
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Results 

Among 191 eligible participants, 94 provided their informed consent to participate in the 

four-year follow-up study. The flowchart presenting the participant recruitment and retention is 

presented in Fig. 1. The baseline characteristics of the patients are presented in Table 1. The 

mean age of our participants was 63±8 years and there were more women (87%) than men 

(13%). The mean duration of follow-up period was 4 years (SD=1, median=4, Range= 2 to 6) or 

45 months (SD=15, median=45, range= 19 to 77). Nearly 55 % of participants were followed up 

for a 2-4 year period, and 45 % participants were followed up for 4-6 year periods. At 4y follow-

up, 20% (19/94) of people with DRF reported subsequent falls in last six months. Coincidently, 

20% (19/94) of people had subsequent OP fracture after DRF. The majority of the participants in 

our sample were right-hand dominant, had DRF in their dominant hand, were managed 

conservatively, retired and had no worker compensation. There was no significant difference in 

the outcomes among participants and non-participants (Table 2). 

Descriptive characteristics at baseline and follow-up time points 

Table 3 depicts the mean and SD of the baseline and follow-up data, change scores and 

their respective effect size. The recovery patterns in all self-reported outcome measures and 

BMD over the 4y period are graphically presented in Fig. 2a and 2b respectively. The results 

from the repeated measures ANOVA and post hoc analysis reported for each of the measures are 

presented below: 

Fracture-specific pain/disability (Table 3): 

Fracture-specific pain/disability scores were highest at the baseline and had reduced over 

time. There was a significant time effect for the PRWE total scores and post hoc analysis 
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suggested there was a significant decrease (p<0.001) in the scores during the follow-up period 

(0-6 m, 0-4y and 6m-4y). However, most of the change (49 points, ES=2.5) in PRWE scores 

took place during the first six months, and a moderate change (10 points, ES=0.6) had taken 

place during the 6m-4y period. Similar trends were reported for individual pain and function 

subscales on the PRWE. 

Fall risk factors (Table 3): 

The PA level and MFES were lower at the baseline in comparison to the follow-up 

assessments. Overall, there was no significant change in PA across any of the time points, and 

trivial to small ES were reported for change scores at all follow-up periods. There was a 

significant time effect for the MFES scores and post hoc analysis suggested that there was a 

small but significant (p<0.001) reduction in FOF during the 0-6m and 0-4y intervals. There was 

very minimal change (0.12 points) during 6m to 4y of follow-up, and most of the change in FOF 

took place during initial 6m of the recovery period. These results were further supported by 

moderate ES reported during 0-6 m after DRF. 

Bone mineral density (Table 3) 

Both BMD and T scores at LS and TH were comparatively better (lower) at the baseline 

than at the follow-up visits. There was no significant change in BMD from baseline over the 

period of four years at either of the LS or TH sites. This was further supported by the trivial to 

small effect size for the change scores reported at follow-up time points. 

General health status (Table 3) 



 

40 
 

The SF-12 PCS scores were lowest at the baseline and improved at the 4y follow-up. 

There was a significant time effect for the SF-12 PCS scores and post hoc analysis suggested 

there was a significant improvement (p<0.001) in the health status score during the 0-6m and 0-

4y periods. There was a large effect size (>0.8) for the change reported during these periods. 

There was a trivial change (-1.2 points, ES<0.2) during a 6m-4y period and the majority (9.4 

points) of the improvement in SF-12 PCS took place during a 0-6m interval. SF-12 MCS scores 

were lowest at the baseline and at four years of follow-up and were highest at the 6m of follow-

up. There was a significant time effect for the SF-12 MCS scores and post hoc analysis 

suggested there was significant (p<0.05, ES=0.3) improvement/increase in the MCS scores at 0-

6m and significant (p<0.05, ES=0.5) decrease during 6m-4y period. Overall, there was no 

significant difference in SF-12 MCS scores from 0-4y follow-up. 

Descriptive characteristics and longitudinal recovery patterns in a stratified sample: sex, age, 

incidence of subsequent falls and OP fractures 

The results from mixed model ANOVA with the post-hoc analysis done on a stratified 

sample of people with DRF are presented in Table 4. There were no significant differences in 

PRWE, RAPA, MFES and BMD (LS and TH) and T-scores (LS and TH) when stratified by sex, 

age, the incidence of subsequent falls and fractures. There was a significant main effect of time 

for PRWE total, MFES, SF-12 PCS when stratified by sex, age, incidence of subsequent falls 

and fractures. The post hoc analysis suggests that there was a significant improvement in scores 

in PRWE at all 3 time periods (0-6 m, 0-4y, 6m-4y). On MFES and SF-12-PCS, there was a 

significant improvement in FOF and physical HS from 0-6 m as well as from 0-4y. However, the 

majority of the improvement was noted during the initial 6 months. There was a significant 

improvement in RAPA scores from 0-6m period among the subgroup of fallers and non-fallers, 
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but no long term changes were noted over 4 years. There was a significant time effect for SF-12-

MCS irrespective of age, the incidence of subsequent falls and fractures. Overall, there was a 

statistically significant improvement in SF-12-MCS during 0-6m followed by a significant 

decrease during 6m-4y of the follow-up period bringing it closer to the baseline level. However, 

there was no time effect for SF-12-MCS in a sex-stratified sample. We noted that there were 

significant differences in SF-12 PCS and SF-12 MCS among those with incidence of subsequent 

falls and no falls. SF-12 PCS was significantly lower/poor among those with subsequent 

falls/fractures than those without (Fig. 3). Similarly, SF-12 MCS was significantly lower/poor 

among fallers than non-fallers (Fig. 4). SF-12 MCS scores were significantly higher/good in 

patients aged 65-80 year old in comparison to those who were 50-64 year old (Fig. 4). 

There was no significant interaction of sex, age, incidence of subsequent falls and 

fractures with time for any of these outcome measures except for T scores-LS and BMD-LS for 

which we had a significant interaction effect of age with time indicating that change in T scores-

LS and BMD-LS might vary with time when stratified by age. The post hoc comparison 

conducted for individual age groups revealed that patients aged 65-80 year old had significant 

improvement in their T scores-LS from a 6m-4y period but not at other time-points. However, 

there was no main effect of time on T scores-LS for the 50-64 year old. Also, there was no 

significant main effect of time for BMD-LS in either of the age groups 

Discussion 

Results from this prospective cohort study indicate that patients with DRF showed both 

short term (6m) and long term (4y) improvement in fracture-specific pain/disability, PA, FOF, 

BMD and general HS with the large effects/changes in the first six months and trivial to 

moderate effects from six months to four years after DRF. Data from our study can inform 



 

42 
 

expectations around the recovery of patients with a DRF which might be useful to hand 

therapists in educating patients about what recovery pattern can be expected for resuming normal 

activities. 

The majority of the clinically important (>11.5 points)
49

 and statistically significant 

(p<0.05) changes in fracture-specific pain/disability took place during the initial six months (~49 

points), and only moderate changes were reported after six months (~10 points). This is 

consistent with other studies in which patients with DRF were followed longitudinally, and most 

of the recovery in pain and function was reported in the first six months
13,38,39

 after DRF in 

comparison to the extent of recovery seen at 12 months of follow-up.
13,39

 This could be because 

the majority of tissue and bone healing around the distal radius is completed during the initial 3-6 

months.
12,15,43

 However, we know that many outcome measures are not interval level scaled, 

including the PRWE,
70

 so we are unsure whether a 10 point change seen between six months and 

four years represents the same change as the early recovery changes of 10 points. Since most 

patients would not be undergoing therapy at 6-months, this suggests that continued recovery 

through functional use after discharge can be expected. Furthermore, MacDermid et al. have 

shown a lack of worker compensation claim
11

 to be one of the influential factors for the 

reduction in pain and disability at six months postoperative to a DRF. We must acknowledge that 

nearly 93% of our sample had no worker compensation claim which could be one of the factors 

for the favorable recovery seen in the initial six months. 

In a recent study, Ydreborg et al. reported that patients with DRF (aged 58±13.3y) 

showed improvement in pain during initial six months after surgery which greatly worsened 

during six months to two years of follow-up.
71

 On the contrary, our sample showed significant 

improvement during the 6m-4y period. However, only 27% of our patient sample was surgically 
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treated which could partially explain the differences between our study findings and those of 

others.
71

 Previous studies have reported that women and older adults tend to have more pain and 

impaired function after DRF.
43,46

 In our sample, females under 65 years of age with subsequent 

fractures showed a trend to have higher pain and disability as reported by PRWE at all follow-up 

time points (except for females at baseline who had lower scores than males).
44–46

 The small size 

of our subgroups meant we were underpowered for this analysis and this may be why we did not 

find any significant differences in our stratified study sample. Overall, our current data suggests 

that similar longitudinal recovery can be expected among people with DRF irrespective of their 

sex, age, incidence of subsequent falls and fractures. 

With regard to PA, the participants in our study were physically under-active for light 

and regular activities as the average scores were suboptimal (<6 points) at baseline, 6m and 4y.  

At the same time, our study sample was not sedentary and had scores >1 at all three time points. 

Overall, we did not find any significant changes in the scores for PA among our sample with 

DRF. Similar to our findings, Hakestad et al. reported that there was no significant difference in 

self-reported PA levels as measured by the ‘physical activity scale for elderly’ in a sample of 50-

65 year old PMW with osteopenia and healed wrist fracture in comparison to the healthy age-

matched controls with no fracture.
72

 The authors in this study found that there was significantly 

impaired physical performance as measured by the six-minute walk test in PMW with wrist 

fracture in comparison to their controls.
72

 Our findings were contradictory to Nordell et al. who 

reported there was a significant reduction in PA over a period of one year for 50-84 year old 

women with DRF.
20

 However, they used performance measure (fast walking speed) to evaluate 

PA in comparison to the self-reported measure used in our study.
20

 In another study with two 

different groups of women (one with recent wrist fracture (n=41) and other with a wrist fracture 



 

44 
 

one year earlier (n=20)) were compared with an age-matched control group (n=123) of women 

with no fracture and there was no decline in walking speed in women with wrist fracture.
22

 Our 

study findings are consistent with an expectation that following a DRF most people will either 

maintain their activities or at least return to their pre-fracture activity level in the longer term. 

This is further informed by our FOF data which suggest that our participants were confident to 

perform the activities of their daily living independently without any FOF during their recovery 

period. 

We recommend that future researchers should consider evaluating longitudinal changes 

in both self-reported and objectively measured PA since this will provide an external 

quantification that enhances the self-reported indicator. Also, most of the existing literature 

evaluating a change in PA after DRF is done among women.
20,72,73

 To our knowledge, we could 

not find any study evaluating change in PA among males or a mixed sample of people with DRF 

which limited our ability to provide a conclusive comparison of our results with the research 

done in this arena. This could be another interesting aspect to consider in future research. 

Another reason for the nonsignificant changes observed in our study could be related to the lack 

of substantial responsiveness of the RAPA to evaluate a change in PA as represented by the 

small effect size reported in our study. Furthermore, a recent study done by Mehta et al. has 

described that RAPA exhibits lower reliability estimates (ICC=0.68, 95% CI: 0.34 to 0.86) to 

evaluate PA among patients with DRF.
74

 

We did not find any significant differences in the recovery patterns for PA relative to sex, 

age, incidence of subsequent falls and fractures seen among our sample of people with DRF.  

However, overall PA levels were lower among males, younger people and those with an 

incidence of subsequent falls and fractures. Edward et al. have reported that elderly women with 
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wrist fractures when followed over a period of 7.6 years, are 50% more likely to exhibit 

clinically important functional decline.
75

  This was different from our four-year follow-up 

findings as our study sample consisted of both males and females and the majority of our patients 

were in the 50-64 year age group in comparison to ≥65 year old females only participants 

included in their study. FOF is an expected response after any fall-related injury among older 

adults,
25,76

 and is known to be a salient predictor of reduced PA.
77

 Our study sample scored >8 

points at all follow-up time points after DRF indicating good confidence in their ability to avoid 

any subsequent falls and thus low FOF. Also, our participants showed a significant decrease in 

FOF over 4 years after the DRF. A previous longitudinal study done over a period of 4 months 

reported an increase in FOF among patients with DRF and nearly 24% of patients had at least 

two falls within the next four months.
23

 Louer et al. commented that FOF was not different 

among those with or without DRF.
21

 We did not find any significant difference in FOF among 

those with subsequent falls and fractures at any time point when compared to those without. We 

expected that FOF might increase among our sample of patients with DRF who experienced 

subsequent falls or fractures. But non-significant changes could be because all the participants in 

our study had a prior episode of fall as well as fracture (wrist fracture) at baseline due to which 

they did not show any further change in FOF with subsequent falls and fractures. So, it was 

interesting to note that subsequent falls and fractures do not have a summative effect on FOF 

among patients with DRF. Unlike other studies in which females and elderly tend to report 

higher FOF,
76,78–80

 we did not find any sex or age-based differences in our sample of patients 

with DRF. We note that unequal distribution and a small sample of our stratified analysis could 

be one of the reason for the non-significant sex or age-based differences in our participants with 
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DRF. Future research is needed to validate these findings among a large sample of people with 

subsequent falls and fractures. 

Regarding BMD, we did not find any significant changes in BMD or T scores during the 

follow-up period, and there was a very small effect size for the change reported during the 

recovery period following DRF. The actual LS and TH T scores for our sample at baseline were 

in the range of 0 to 2.49. As per the manual at HULC, in order to be 95% confident that 

significant change has occurred over one year, we needed a change in BMD-LS and BMD-TH 

by ± 0.030 g/cm2. Though not statistically significant, the change in BMD-TH reported in our 

study was greater than 0.030 g/cm
2 

at 6m-4y and 0-4y period. Nevertheless, we recommend 

future research on a large sample size with yearly assessments to provide conclusive evidence on 

clinical significance of change in BMD in patients with DRF. 

In contradiction to the nonsignificant changes in BMD and T scores observed in our 

study, longitudinal studies among PMW have reported substantial reductions in BMD at four 

months 
81

 and more recently at three years 
82

 after DRF. One case report done in a sample of 

PMW reported a loss of lumbar spine and hip BMD at 10, 13, 21 and 52 weeks post-fracture.
83

 

Mallamin et al. reported that at two months of follow-up, there was a 20% reduction in distal 

radius BMD and 5-8% reduction in BMD at LS and TH, in 74 patients with wrist fracture in 

comparison to the matched controls.
84

 We did not record if our patients were taking bone 

forming drugs post-DRF which might have confounded our findings leading to non-significance. 

Also, there is a possibility that small sample could have contributed to non-significance. 

Nevertheless, this study provides new data showing both short and long term changes in BMD 

among a sample of male and females with DRF. 
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Despite the relatively stable BMD, nearly 20% of the patients in this study reported 

subsequent fractures. This supports the fact that DRF is an independent predictor of subsequent 

fracture irrespective of the BMD.
31,85,86

 Furthermore, this also strengthens the suggestion of 

others
31,87

 for greater attention to evaluating risk factors other than BMD which might be 

predictive of subsequent fractures among people with DRF. Our data suggest that hand therapists 

should be very concerned with secondary fracture prevention, given the potential for 1/5
th

 of 

their DRF caseload to have a subsequent fracture. In previous studies, BMD is reported to be 

reduced in about 70-80% patients with DRF in comparison to those without fractures.
88–90

 

Though non-significant, females in our study scored lower on T scores and BMD in comparison 

to the males. This is a common finding reported in a few other studies
91,92

 and is attributed to 

estrogen reduction following menopause.
93

 Few previous studies have shown that females with 

wrist fracture who were <65 years of age tend to have low BMD in comparison to that of >65 

years of age.
88,89

 Our study participants aged 50-64 year old showed higher BMD than 65-80 

year old at baseline and 6m. However at 4y follow up, people who were 50-64 year old showed 

lower BMD than those with who were 65-80 year old. There could be many confounders such as 

intake of bone forming medication, OP fracture care/prevention programs, post-fracture lifestyle 

that suggests to consider controlling for confounders while evaluating change in future 

longitudinal studies. Also, the age-stratified information reported in this study is an important 

finding. This information will direct the attention of therapists towards the difference in trend of 

improvement in BMD which can be expected among the two age groups. We did not find any 

difference in BMD among patients with subsequent falls and fractures when compared to those 

without. Future studies with large sample size would be important to detect if clinically 
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significant long-term changes in BMD occur after DRF and comparing the findings with those 

without DRF. 

Although DRF often occurs among functionally independent people, various studies have 

suggested that DRF has an impact on overall HS. Though there are no studies reporting MCID of 

SF-12 for patients with DRF, Hays et al. suggested that a change in scores from 3 to 5 points can 

be considered clinically meaningful for SF-36 measures.
94

 Considering that both PCS and MCS 

scores of the SF-12 have shown excellent correlation, agreement and is derived from the 

respective component scores on SF 36,
63,95,96

 the 3-10 point changes in HS observed in our study 

using SF-12 can be considered clinically significant. Our study results were consistent with 

previous studies that patients with DRF present with poor HS in the early post-fracture period 

show improvement over six months.
39,97

 In our study, SF-12 scores for PCS improved over six 

months by nine points (40-49 points), and there was no further significant change during the 6m-

4y interval. MacDermid et al. reported improvement in the physical component of HS scores of 

10 points (37-48 points) by six months which remained constant until one year of follow-up.
39

 In 

contrast, a recent prospective cohort study has reported a reduction in HS scores on PCS for SF-

12 over a period of six months in elderly patients (>65 year old) with fall-related DRF in 

comparison to the non-fracture cohort.
98

 Furthermore, authors reported more deterioration in HS 

among those with older age group (>80 years) over a period of six months.
98

 We believe a fall 

may lead to greater health decline in frail older individuals, as their capacity for recovery may be 

less. In comparison, the majority (62%) of patients included in our study were <65 years old 

which might have resulted in difference in findings in our study. Hallberg et al. also reported 

significant reduction in HS as measured by SF-36 among postmenopausal women during initial 

six months which was then normalized at two years after wrist fracture.
99

 We did not find any 
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significant difference in physical HS in our age stratified sample at any of the time points. 

Brenneman et al. reported significantly less/poor physical HS on SF-12 in younger (50-64years) 

than older women (65-99 years) at four years of follow-up.
33

 The conflicting evidence suggests 

the need for studies on age and sex-stratified large sample to evaluate longitudinal changes in HS 

of patients with DRF. 

Furthermore, our non-significant study results on sex and age-stratified analysis of 

physical HS using SF-12 differ from that reported in previous studies using SF 36. Gruber et al. 

reported that women and older (>60 years) patients exhibit significantly lower physical HS as 

measured by SF-36 in comparison to the males and younger patients (<60 years).
42

 However, 

these findings were from a sample of surgically-treated patients with DRF, while only 27% of 

our sample was surgically treated. Studies have shown that surgical management among elderly 

patients with DRF tend to result in poor recovery in comparison to that of conservative 

treatment.
100–103

 The overall improvement seen in our study irrespective of age or sex could also 

be related to the expertise and skills of therapy provided at HULC.  

The MCS for SF-12 stayed within the normal limits (51-55 points) during 4 years of the 

recovery period in our study participants. Our results were similar to a previous study in which 

MCS for SF-12 were within the normal range (51-53 points) in patients with DRF were followed 

at a period of six months and one year.
39

 This could be because of the physical nature of injury.
97

 

Though, not statistically significant, older patients (>65 year old) in our study scored higher on 

mental component of SF-12 than the younger patients. Gruber et al. also noted that elderly (>60 

year old) and females reported higher scores on mental health status at 6 years after surgically-

treated DRF.
42

 Some previous studies have reported that elderly females tend to have better 

mental HS in comparison to younger ones
104,105

 which  would suggest that DRF patients are 
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similar to the normal population in this regard. This could be because older patients could have 

more emotional stability and thus acceptance for their bio-psycho-social state of health in 

comparison to the younger patients. The changes in both the domains of HS have mirrored the 

trend observed in other studies evaluating the impact of DRF on patients with wrist fractures. 

Similar to many other studies,
33,97

 our data depicts that DRF had greater impact on the physical 

than the mental component of SF-12. This could be because pain and disability after DRF are 

reported to explain significant variability (33% and 28% at three months and one year 

respectively) in the physical component and explain a minimal amount of variability (10% and 

8% at three months and one year respectively) in the mental component of SF-12.
33,97

 

Overall, among all the outcome measures, there was a drastic change in PRWE scores in 

comparison to all other outcome measures evaluated in this study. MacDermid et al. have also 

reported similar findings and related it to the well-established high responsiveness of PRWE to 

evaluate change in outcomes among DRF population.
106

 

Strengths, Limitations and Future research 

Our study was a long term prospective cohort, used validated outcome measures and 

collected a spectrum of informative self-report and objective measures.  We evaluated outcomes 

in both men and women at different ages. We have provided therapists with the concrete 

quantitative data on both short term and long term changes on various risk factors related to falls 

and OP fractures. This data can be used as benchmark by the clinicians as the scores of any 

particular patient with DRF can be compared to these average scores to determine if the patient 

scores are following the anticipated recovery pattern. Additionally, we provided effect size of the 

change reported in the outcomes at a different time point which deepens our understanding on 
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the clinical significance of the change observed in our study. Furthermore, this parameter would 

be important for sample size computation needed in future intervention trials evaluating the 

change in outcomes after DRF. Despite this, a number of limitations should be considered when 

interpreting our results. Firstly, we had only 49% of the original cohort participate in the 4y 

follow-up which leaves the potential for selection bias.  However, there were no significant 

differences between responders and non- responders at the baseline which suggests that this is 

unlikely. Secondly, we had a small sample size and unequal distribution of participants for 

stratified analysis which meant we were underpowered for subgroup analyses. Cohen et al.
69

 

recommend a minimum sample of 30 participants per cell to have 80% power, and we did not 

meet this target sample in the majority of our stratified analyses. We recommend future 

longitudinal studies use a large sample of age and sex-stratified sample comparing the outcomes 

with healthy controls with no fracture to provide more conclusive evidence on the natural course 

of recovery among patients with DRF. 

Conclusions 

Patients aged 50-80 years old perceive high levels of fracture-specific pain and disability, low 

PA, high FOF, low BMD and poor health state at post-DRF. The majority of the recovery in 

patients with DRF was reported during the initial six months and small changes were noted 

between six months and four years. People with subsequent falls and fractures after DRF present 

with lower physical health status compared to those without. 
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Table 1 Baseline characteristics of the study population with distal radius fracture (n=94) 

 

Variable N/Percentage of participants 

Mean Age in years 

50-64 year old 

65-80 year old 

*62.6 (SD=7.7 ) 

58/61.7% 

36/38.3% 

Sex 

Male 

Female 

 

12/12.8% 

82/87.2% 

Injured hand 

Left 

Right 

 

50/53.8% 

42/45.2% 

Hand dominance 

Left 

Right 

 

8/8.7% 

84/91.3% 

Dominant Hand injury 

Yes 

No 

 

24/34.3% 

44/64.7% 

Pain Medication 

Never 

Occasionally 

Daily 

Several times a day 

 

8/22.9% 

12/34.3% 

7/20.0% 

8/22.9% 

Surgical treatment 

Yes 

No 

 

11/27.5% 

29/72.5% 

Work Status 

Full time regular duties 

 

15/17% 
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Part-time regular duties 

Part-time light duties 

Unable to work because of injury 

Unemployed, Inability to find a job 

Home maker 

Retired 

5/5.7% 

5/5.7% 

13/14.8% 

1/1.1% 

2/2.3% 

47/53.4% 

Worker Compensation involved 

No 

Yes 

 

78/92.9% 

6/7.1% 

Highest Education level 

Some grade school 

Some high school 

Finished high school 

Some college/technical/diploma program 

Finished college/technical/diploma program 

Some university 

Finished University 

Some graduate work at university 

Finished graduate work at university 

 

1/1.1% 

6/6.9% 

12/13.8% 

13/14.9% 

18/20.7% 

7/8.0% 

16/18.4% 

5/5.7% 

9/10.3% 

Smoker 

No 

Yes 

I quit 

 

52/58.4% 

29/32.6% 

8/9% 

Alcohol 

Never 

Occasionally 

1-6 drinks/week 

7-14 drinks/week 

 

10/11.4% 

48/54.5% 

19/21.6% 

10/11.4% 
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15 plus drinks/week 1/1.1% 

Mechanism of Fracture 

Fall on snow 

Other fall 

During sports 

Other than fall 

 

23/32.9% 

37/52.9% 

3/4.3% 

7/10% 

*Mean (SD) 
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Table 2 Comparison of outcome measures between participants and non-participants at baseline and six month follow-up 

 

 Baseline 6 month follow-up 

Measure Participant 

(61) 

Non-Participant 

(48) 

p-value Participant 

(52) 

Non-Participant 

(33) 

p-value 

PRWE-Total                   

(0-100; 100 worst) 

67.5 (20.0) 68.3 (19.7) 0.85 17.5 (13.02) 18.6 (20.3) 0.75 

RAPA                                 

(0-10; 10 best) 

3.6 (1.9) 3.4 (1.7) 0.54 4.4 (1.7) 4.09 (1.4) 0.42 

MFES                                  

(0-10; 10 best) 

8.7 (1.6) 8.9 (1.9) 0.65 9.8 (0.5) 9.7 (0.6) 0.44 

BMD-TH 0.882 (0.115) 0.895 (0.146) 0.59 0.883 (0.116) 0.886 (0.148) 0.90 

BMD-LS 1.092 (0.188) 1.086 (0.173) 0.88 1.094 (0.211) 1.086 (0.160) 0.86 

T scores-TH              

(≥ -1 normal) 

-1.0 (0.9) -0.9 (1.1) 0.57 -1.03 (0.8) -1.1 (1.1) 0.73 

T scores-LS                   

(≥ -1 normal) 

-0.8 (1.5) -0.9 (1.3) 0.64 -0.8 (1.7) -0.9 (1.2) 0.52 

SF-12 PCS                     

(US norm=50) 

39.7 (9.8) 38.7 (9.3) 0.61 49.4 (8.4) 49.2 (7.2) 0.88 

SF-12 MCS                    

(US norm=50) 

50.4 (10.4) 51.5 (11.2) 0.58 55.4 (6.1) 54.9 (7.05) 0.76 

PRWE, Patient Rated Wrist Evaluation; RAPA, Rapid Assessment of Physical Activity; MFES: Modified Fall Efficacy Scale; SF12-

PCS, 12-item Short Form-Physical Component Summary scores; SF12-MCS, 12-item Short Form-Mental Component Summary 

scores; BMD, bone mineral density; LS, lumbar spine; TH, total hip; p, level of significance; US, United States 
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Table 3 Descriptive characteristics of outcome measures at baseline, 6 months and 4 years of follow-up: mean (SD), mean change 

(95% CI) and effect size (95% CI) 

 

Measure Absolute scores (mean ±SD) Mean change scores (mean, 95% CI) Effect size (95% CI) 

 Baseline 6 month 4 year Time                     

(p-value) 

0-6 month 0-4 year 6m-4y 0-6 month 0-4 year 6m-4y 

PRWE-Pain 

(n=69) 

29.9 

(11.4) 

11.7 

(8.9) 

6.3 

(9.6) 

0.0001** 18.2**        

(14.8, 21.5) 

23.6**             

(20.1, 27.2) 

5.5**                  

(2.9, 7.9) 

1.6               

(1.1,2.0) 

2.1               

(1.6, 2.5) 

0.6              

(0.3,0.9) 

PRWE-

Function 

(n=66) 

38.7 

(11.6) 

7.6  

(8.4) 

3.0 

(6.2) 

0.0001** 31.1**             

(27.2, 34.8) 

35.7**              

(31.9, 39.4) 

4.6**             

(2.5, 6.6) 

2.7           

(2.1,3.3) 

3.1            

(2.4,3.7) 

0.5               

(0.2,0.9) 

PRWE-Total 

(n=65) 

68.7 

(19.3) 

19.4 

(16.2) 

9.03 

(15.2) 

0.0001** 49.3**            

(42.8, 55.7) 

59.6**               

(53.1, 66.2) 

10.4**              

(6.1, 14.6) 

2.5          

(1.9,3.1) 

3.1            

(2.4,3.7) 

0.6            

(0.3,1.0) 

RAPA 

(n=62) 

3.7 

(2.02) 

4.2  

(1.7) 

4.0 

(1.8) 

0.12 -0.5                  

(-1.2, 0.1) 

-0.3                          

(-0.9, 0.3) 

0.2                                       

(-0.4, 0.8) 

-0.2                  

(-0.6,0.1) 

-0.2                       

(-0.5,0.2) 

0.09                       

(-0.3,0.4) 

MFES 

(n=70) 

8.6  

(1.8) 

9.8  

(0.5) 

9.7 

(0.9) 

0.0001** -1.1**                       

(-1.6,-0.6) 

-1.0**                      

(-1.6, -0.5) 

0.1                                   

(-0.2,0.4) 

-0.6                    

(-0.9,-0.3) 

-0.5                     

(-0.9,-0.2) 

0.2                      

(-0.1,0.6) 

BMD-TH 

(n=31) 

0.863 

(0.132) 

0.877 

(0.132) 

0.918 

(0.273) 

0.33 -0.015                         

(-0.034,-0.179) 

-0.055                        

(-0.179,0.069) 

-0.040                                    

(-0.016,0.084) 

-0.1                 

(-0.6,0.4) 

-0.4                       

(-0.9,0.1) 

-0.3                     

(-0.8,0.2) 

BMD-LS 

(n=40) 

1.059 

(0.174) 

1.065 

(0.193) 

1.063 

(0.201) 

0.83 0.007                           

(-0.030,0.017) 

-0.004                         

(-0.036,0.028) 

0.003                                   

(-0.032, 0.037) 

-0.03                  

(-0.5,0.4) 

-0.02                 

(-0.5,0.4) 

0.01                      

(-0.4,0.5) 

T scores-TH 

(n=31) 

-1.2 

(1.0) 

-1.1 

(1.0) 

-0.8 

(2.3) 

0.34 -0.1                    

(-.2,.04) 

-0.4                              

(-1.5,0.6) 

-0.3                                

(-1.4,0.7) 

-0.1                  

(-0.6, 0.4) 

-0.2                    

(-0.7,0.3) 

-0.2                     

(-0.6,0.3) 

T scores-LS -1.08 -1.0 -.9 0.64 -0.03                                -0.08                             -0.05                             -0.05             -0.1                    -0.1                    
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(n=40) (1.4) (1.6) (1.5) (-.2, 0.2) (-.3, .1) (-.3,.2) (-0.5, 0.4) (-0.5,0.3) (-0.5,0.4) 

SF-12 PCS 

(n=69) 

39.5 

(10.3) 

48.9 

(8.3) 

50.1 

(8.3) 

0.0001** -9.4**                       

(-12.6,-6.3) 

-10.6**                     

(-13.9,-7.2) 

-1.2                                      

(-3.5,1.2) 

-0.9                    

(-1.3, -0.5) 

-1.0                     

(-1.4,-0.6) 

-0.1                    

(-0.5,0.2) 

SF-12 MCS 

(n=69) 

51.8 

(10.7) 

55.2 

(6.3) 

51.9 

(8.8) 

0.007** -3.5*                              

(-6.7, -0.1) 

-0.1                           

(-3.0,2.8) 

3.4*                   

(0.9,5.8) 

-0.3                 

(-0.6,0.01) 

-0.007                   

(-0.3,0.3) 

0.5    

(0.2,0.8) 

 

PRWE, Patient Rated Wrist Evaluation; RAPA, Rapid Assessment of Physical Activity; MFES: Modified Fall Efficacy Scale; SF-12 

PCS, 12-item Short Form-Physical Component Summary scores; SF-12 MCS, 12-item Short Form-Mental Component Summary 

scores; BMD, bone mineral density; LS, lumbar spine; TH, total hip; p, level of significance; **, p<0.001, *, p< 0.05; SD, standard 

deviation; CI, confidence interval; 6m-4y, 6 months to 4 years 
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Table 4 Within and between group differences in outcome measure based on sex, age, incidence of subsequent falls and fractures at 

baseline, 6 months and 4 years of follow-up 

 

Variable  Sex Age Subsequent falls Subsequent 

Osteoporotic 

fractures 

Females Males 50-64 

years 

65-80  

years 

No Yes No Yes 

PRWE-total n 55 10 42 23 52 13 54 11 

 Factor 

effect (p) 

0.75 0.23 0.93 0.16 

 Interaction 

effect (p) 

NS NS NS NS 

 Time 

effect  (p) 

0.0001
 a,b,c

 0.0001
 a,b,c

 0.0001
 a,b,c

 0.0001
 a,b,c

 

 Baseline 

Mean (SD) 

68.2 

(20.4) 

71.1 

(11.9) 

70.2 

(19.0) 

66.0 

(19.9) 

67.6 

(19.6) 

72.8 

(18.4) 

67.2 

(19.6) 

75.7 

(16.9) 

 6 month 

Mean (SD) 

20.5 

(16.6) 

13.6 

(13.0) 

20.7 

(15.8) 

17.1   

(16.8) 

19.9 

(17.1) 

17.5  

(12.1) 

18.1 

(15.3) 

26.1 

(19.6) 

 4 year 

Mean (SD) 

9.1               

(15.6) 

8.9                

(13.7) 

10.6     

(17.4) 

6.2            

(10.0) 

9.8             

(16.5) 

5.9              

(8.5) 

8.8           

(15.4) 

10.2 

(15.1) 

RAPA n 52 10 39 23 51 11 52 10 

 Factor 

effect (p) 

0.40 0.63 0.29 0.14 
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 Interaction 

effect (p) 

NS NS NS NS 

 Time 

effect (p) 

0.38 0.12 0.04 
a
 0.57 

 Baseline 

Mean (SD) 

3.8                     

(2.0) 

3.4                    

(1.9) 

3.7           

(1.8) 

3.8               

(2.4) 

3.9            

(2.0) 

2.9 

(1.9) 

3.8                  

(2.1) 

3.3 

(1.7) 

 6 month 

Mean (SD) 

4.4              

(1.8) 

3.7                

(1.5) 

4.1              

(1.8) 

4.5              

(1.6) 

4.2            

(1.7) 

4.3 

(2.1) 

4.4                  

(1.8) 

3.4 

(1.3) 

 4 year 

Mean (SD) 

4.1                

(1.8) 

3.9         

(1.9) 

4.1                    

(1.6) 

4.1            

(2.2) 

4.2                 

(1.8) 

3.6 

(1.9) 

4.2              

(1.8) 

3.5 

(2.1) 

MFES n 60 10 42 28 56 14 58 12 

 Factor 

effect (p) 

0.56 0.81 0.52 0.71 

 Interaction 

effect (p) 

NS NS NS NS 

 Time 

effect (p) 

0.001
a,b

 0.0001
 a,b

 0.0001
 a,b

 0.0001
 a,b

 

 Baseline 

Mean (SD) 

8.6   

(1.9) 

9.0 

(1.3) 

8.6 

(1.8) 

8.7 

(1.9) 

8.7 

(1.9) 

8.6 

(1.7) 

8.6                     

(1.9) 

8.8 

(1.8) 

 6 month 

Mean (SD) 

9.8   

(0.5) 

9.9     

(0.3) 

9.8 

(0.4) 

9.9 

(0.5) 

9.8 

(0.5) 

9.7 

(0.4) 

9.8                     

(0.5) 

9.8 

(0.5) 

 4 year 

Mean (SD) 

9.7   

(0.9) 

9.7 

(0.6) 

9.7 

(0.9) 

9.7 

(0.9) 

9.7 

(0.8) 

9.5 

(1.5) 

9.7                  

(1.0) 

9.8 

(0.3) 

BMD-TH n 25 6 17 14 24 4 24 4 
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 Factor 

effect (p) 

0.08 0.72 0.55 0.83 

 Interaction 

effect (p) 

NS NS NS NS 

 Time 

effect (p) 

0.61 0.27 0.64 0.63 

 Baseline 

Mean (SD) 

0.838 

(0.131) 

0.965 

(0.082) 

0.875 

(0.129) 

0.848 

(0.138) 

0.883 

(0.108) 

0.894 

(0.111) 

0.881 

(0.130) 

0.865 

(0.128) 

 6 month 

Mean (SD) 

0.852 

(0.131) 

0.982 

(0.077) 

0.884 

(0.129) 

0.869 

(0.140) 

0.894 

(0.111) 

0.850 

(0.220) 

0.890 

(0.128) 

0.871 

(0.138) 

 4 year 

Mean (SD) 

0.904 

(0.301) 

0.976 

(0.079) 

0,873 

(0.118) 

0.971 

(0.386) 

0.888 

(0.098) 

0.841 

(0.212) 

0.882 

(0.118) 

0.877 

(0.122) 

BMD-LS n 34 6 20 20 33 4 31 6 

 Factor 

effect (p) 

0.08 0.93 0.96 0.20 

 Interaction 

effect (p) 

NS 0.03* NS NS 

 Time 

effect (p) 

0.42 0.16 0.18 0.22 0.73 

 Baseline 

Mean (SD) 

1.041 

(0.177) 

1.159 

(0.120) 

1.058 

(0.180) 

1.060 

(0.172) 

1.068 

(0.170) 

1.084 

(0.253) 

1.087 

(0.174) 

0.976 

(0.172) 

 6 month 

Mean (SD) 

1.044 

(0.194) 

1.84 

(0.152) 

1.078 

(0.210) 

1.053 

(0.180) 

1.081 

(0.196) 

1.047 

(0.216) 

1.093 

(0.195) 

0.995 

(0.194) 

 4 year 1.038 1.206 1.044 1.082 1.074 1.078 1.093 0.978 
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Mean (SD) (0.197) (0.181) (0.186) (0.219) (0.202) (0.257) (0.207) (0.179) 

T Scores-TH n 25 6 17 14 24 4 24 4 

 Factor 

effect (p) 

0.64 0.76 0.73 0.76 

 Interaction 

effect (p) 

NS NS NS NS 

 Time 

effect (p) 

0.62 0.28 0.52 0.61 

 Baseline 

Mean (SD) 

-1.3                  

(1.1) 

-0.9                    

(0.6) 

-1.1                 

(0.9) 

-1.4      

(1.1) 

-1.1   

(0.8) 

-1.2 

(1.9) 

-1.1                 

(1.03) 

-1.3 

(0.8) 

 6 month 

Mean (SD) 

-1.2             

(1.08) 

-0.8                 

(0.6) 

-1.1            

(0.9) 

-1.2   

(1.1) 

-1.04  

(0.8) 

-1.2 

(1.8) 

-1.04              

(1.01) 

-1.2 

(0.8) 

 4 year 

Mean (SD) 

-0.8        

(2.5) 

-0.9           

(0.6) 

-1.2              

(0.8) 

-0.4                

(3.2) 

-1.1                

(0.7) 

-1.3 

(1.8) 

-1.1                      

(0.9) 

-1.2 

(0.7) 

T Scores-LS n 34 6 20 20 33 4 31 6 

 Factor 

effect (p) 

0.22 0.98 0.88 0.19 

 Interaction 

effect (p) 

NS 0.005* NS NS 

 Time 

effect (p) 

0.28 0.22 0.01
c
 0.62 0.70 

 Baseline 

Mean (SD) 

-1.2                

(1.4) 

-0.5                 

(0.9) 

-1.05 

(1.4) 

-1.1  

(1.4) 

-1.0  

(1.4) 

-0.9  

(2.0) 

-0.8             

(1.4) 

-1.7   

(1.4) 
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 6 month 

Mean (SD) 

-1.2             

(1.7) 

-0.3             

(1.3) 

-0.9              

(1.8) 

-1.2  

(1.5) 

-0.9            

(1.7) 

-1.2 

(1.7) 

-0.8               

(1.7) 

-1.6  

(1.6) 

SF-12 PCS n 59 10 42 27 55 14 58 11 

 Factor 

effect (p) 

0.28) 0.90 0.03* 0.02* 

 Interaction 

effect (p) 

NS NS NS NS 

 Time 

effect (p) 

0.0001
 a,b

 0.0001
 a,b

 0.0001
 a,b

 0.0001
 a,b

 

 Baseline 

Mean (SD) 

38.9  

(10.1) 

43.3 

(11.3) 

39.7  

(10.3) 

39.4 

(10.4) 

40.9  

(10.4) 

34.4 

(8.1) 

40.3  

(9.9) 

35.8 

(11.8) 

 6 month 

Mean (SD) 

48.7 

(18.6) 

50.6 

(6.8) 

48.7 

(8.6) 

49.4 

(7.9) 

49.3 

(8.1) 

47.7 

(9.3) 

49.7 (7.9) 44.9 

(9.5) 

 4 year 

Mean (SD) 

49.9 

(8.4) 

51.3 

(8.3) 

50.1 

(9.1) 

50.2 

(7.1) 

51.1 

(7.9) 

46.2 

(8.9) 

51.1 (7.7) 45.2 

(9.8) 

SF-12 MCS n 59 10 42 27 55 14 58 11 

 Factor 

effect (p) 

0.20 0.01* 0.03* 0.38) 

 Interaction 

effect (p) 

NS NS NS NS 

 Time 

effect (p) 

0.11 0.02
c
 0.004

 a,c
 0.06 

c
 

 Baseline 

Mean (SD) 

51.1 

(11.2) 

55.8 

(6.5) 

50.0 

(10.9) 

54.6 

(9.8) 

53.0 

(9.7) 

46.9 

(13.3) 

51.3 

(10.5) 

54.4 

(11.7) 
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 6 month 

Mean (SD) 

54.9 

(6.6) 

57.1 

(3.3) 

54.3 

(5.9) 

56.7 

(6.7) 

55.6 

(6.1) 

53.8 

(6.9) 

54.9 (6.0) 56.9 

(7.4) 

 4 year 

Mean (SD) 

51.6 

(8.7) 

53.50 

(9.9) 

49.8 

(9.0) 

55.1 

(7.6) 

52.8 

(8.2) 

48.1 

(10.4) 

51.8 (8.6) 52.5 

(10.4) 

 

PRWE, Patient Rated Wrist Evaluation; RAPA, Rapid Assessment of Physical Activity; MFES: Modified Fall Efficacy Scale; SF-12 

PCS, 12-item Short Form-Physical Component Summary scores; SF-12 MCS, 12-item Short Form-Mental Component Summary 

scores; BMD, bone mineral density; LS, lumbar spine; TH, total hip; NS, non-significant; p, level of significance; *, p< 0.05; a: 

significant change from baseline to 6 months; b: significant change from 0 to 4 years; c: significant change from 6 months to 4 years 
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Fig.  1. Flowchart of patient recruitment and retention 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

At 4 years after distal radius fracture, 191 

Patients were invited to participate (by mail) 

94 Patients provided informed 

consent and were included 

(Participants) 

97 Patients did not respond to mailed 

package and could not participate on phone 

call invitation (Non participants) 

Didn’t pick 

the phone call 

(n=36) 

Phone call 

didn’t go 

through (n=23) 

Refused to participate 

(n=34) 

Reasons: time constraint, 

comorbidities, other 

commitments, secondary 

fracture, visceral 

surgery, privacy issues 

 

                       

 

Expired                

(n=4) 
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Fig. 2a. Longitudinal changes (mean±SD) in self-reported outcome measures at baseline, 6 months and at 4 years after distal radius 

fracture  
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Fig. 2b. Longitudinal changes (mean ±SD) in bone mass at baseline, 6 months and at 4 years after distal radius fracture 

 

 

BMD, bone mineral density (≥ -1 normal); TH, total hip; LS, lumbar spine 
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Fig. 3. Longitudnal changes (mean ±SD) in SF12-Physical component summary scores at baseline, 6 months and at 4 years after distal 

radius fracture 

 

                 

*, significant change from baseline to 6 months; #, significant change from baseline to 4 years; SF-12, 12-item Short Form Health 

Survey 
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Fig. 4. Longitudnal changes (mean ±SD) in SF12-Mental Component Summary scores at baseline, 6 months and at 4 years after distal 

radius fracture 

 

 

 

                 

 

*, significant change from baseline to 6m; ^, significant change from 6 months to 4 years; SF-12, 12-item Short Form Health Survey 
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CHAPTER 3 

 

ASSOCIATION OF MODIFIABLE RISK FACTORS WITH BONE MINERAL 

DENSITY AMONG PEOPLE WITH DISTAL RADIUS FRACTURE: A CROSS-

SECTIONAL STUDY 
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ABSTRACT 

Purpose: Distal radius fracture (DRF) in people >50 years is an early and independent 

predictor of future osteoporotic fractures.  Currently, there are no studies demonstrating the 

extent to which modifiable risk factors explain bone mineral density (BMD) in people with 

DRF. Thus, the purpose of this study was to determine the extent to which modifiable risk 

factors such as balance, muscle strength, and physical activity can explain variability in BMD 

among people with DRF. 

Methods: This cross-sectional study included 190 patients, 50-80 years old with a DRF. 

Participants were assessed for balance, muscle strength (unaffected hand grip, knee extensor, 

and plantar-flexor), physical activity and fracture-specific pain and disability using reliable 

and validated measures. Areal BMD at the femoral-neck (BMD-FN) and total-hip (BMD-TH) 

were assessed. Correlation and multiple linear regression was used to determine the 

contribution of modifiable risk factors to BMD. 

Results: The mean age of the patients (163 females, 27 males) was 62±8 years. There was a 

weak positive correlation (r=0.25-0.40; p<0.05) between balance and muscle strength with 

BMD at both sites. Grip strength was an independent predictor explaining 17% (F(1,78) = 

15.19, p=0.0002) and 12% (F(1,79) = 10.80, p=0.001) of total variability in BMD-FN (n=80) 

and BMD-TH (n=81), respectively. When stratified by age; balance (R
2
 =0.10, F(1,40) = 4.57, 

p=0.04) and grip strength (R
2
 =0.32, F(1,23) = 10.78, p=0.003) were independent significant 

predictors of BMD-FN among women aged 50-64 years (n=42) and 65-80 years (n=25), 

respectively. 

Conclusions: Unaffected hand grip strength is an independent predictor of BMD in people 

with DRF.  Since muscle strength and balance are modifiable predictors, future studies must 

investigate the role of muscle strength and balance in osteoporosis risk factor screening or for 

interventions following DRF. 
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Key Words: distal radius fracture, risk factor, bone density, muscle strength 

 

INTRODUCTION 

Osteoporosis, defined as a reduction in bone mineral density (BMD) and increased 

bone resorption, is a public health concern resulting in 8.9 million fractures per year 

globally.
1,2

 Both the incidence and prevalence of osteoporosis is expected to increase with the 

rapid rise of our aging population. This raises an alarming need to identify people who are at 

risk of low BMD and bone fragility leading to osteoporotic (OP) fractures. 

Distal radius fracture (DRF) is well documented to be an early sentinel event for 

secondary OP fractures.
3–5

 Studies have reported that persons 50 years or older with DRF 

seem to have a preferential bone loss at the distal forearm and generalized low bone mass 

indicating a state of poor bone health.
6–8

 A study by Ingel et al. demonstrated a significant 

decrease in BMD at 6 weeks, with a mean loss of 9% (P < 0.001); this remained decreased at 

one year following the DRF.
9
 BMD is reported to be lower in 70-80% of patients with wrist 

fracture, predisposing people with DRF towards a greater risk of secondary fractures.
10–12

 

Cohort data from Rochester, Minnesota suggest a DRF is associated with an increased risk of 

vertebral fractures, five-fold for women and ten-fold for men
13

 and a two-fold increase in hip 

fracture in women >70 years of age.
14

 Future OP fractures of the hip and spine as sequelae of 

DRF results in a marked impact on morbidity, mortality and health care costs.
15–17

 Twenty-

eight percent of women and 37% of men who suffer a hip fracture die within the following 

year.
18

 Given the substantial burden of OP fractures secondary to DRF, it is extremely 

important to investigate the modifiable risk factors associated with bone fragility in this 

population. 

BMD testing using dual energy X-ray absorptiometry (DEXA) is considered the gold 

standard to predict the risk of OP fractures.
19

 BMD is often reported to be less among seniors 
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and females with DRF.
4,10,20

 Well-known risk factors such as age
21–25

 and sex
24,26

 are non-

modifiable, although they are important in the stratification of people who will be at higher 

risk of low BMD and future OP fractures after an episode of DRF. However, it might be a 

useful approach to investigate the modifiable factors which could influence BMD among 

patients with DRF. Two studies from Canada suggest that only 10-20% of patients with DRF 

have been assessed for BMD and treated for secondary fracture prevention.
27,28

 This 

emphasizes an important need to determine modifiable predictors of BMD which can be 

targeted in routine physical therapy practice. Recently, studies have reported a transition to a 

physically inactive lifestyle
29–31

, muscle weakness
32

 and postural imbalance
31,33,34

 among 

patients with DRF. Several studies have identified the association of modifiable risk factors 

with BMD among a variety of populations such as stroke
35

, Parkinson
36,37

, liver cirrhosis
38

, 

Crohn’s disease
39

, kidney disease
40

, diabetes
41

, healthy post-menopausal women
42

 and older 

adults
43

 who are identified at risk of secondary OP fractures. Nevertheless, there are no 

studies investigating the modifiable determinants of BMD among people with DRF. 

Unlike patients with spine or hip fractures, relatively healthy people with DRF have 

been noted to neglect preventive screening of bone health.
27,28,44–46

 Also, it is not uncommon 

that therapists working in busy fracture clinic have often missed the opportunity to refer 

patients with DRF for BMD testing.
47–49

 A 2010 narrative review published on hand therapy 

management of DRF suggests therapists hold unique training skills and opportunity to screen 

and intervene for modifiable risk factors related to postural balance, muscle weakness and 

physical inactivity among patients with DRF with a significant bone fragility.
50

 However, 

over the course of specialization, therapists might not have continued to use these skills to 

identify patients at risk of secondary OP fractures.
49–51

 Thus, the purposes of this study were 

to determine the following in people with DRF 

1. whether modifiable risk factors and BMD vary by age and sex. 
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2. the extent to which modifiable risk factors alone or in combination explain variation in 

BMD and whether the strength of explanation is modified, when age and sex are 

controlled for. 

3. the independent predictors of BMD among an age-stratified sample of women with 

DRF. 

METHODS 

Overview of the study 

This study is a cross-sectional investigation of baseline data collected at 1-2 weeks 

post-injury as part of a larger cohort study evaluating change in activity and participation at 

one year following DRF. 

Study Subjects 

Patients (n=190) were recruited from a single tertiary hospital in London, Ontario 

between January 2010 and December 2013. Patients aged 50-80 years old with a DRF were 

eligible for inclusion. Patients with multiple fractures, previous known history of hip or 

vertebral fracture, neurological/cognitive impairments limiting the ability of a patient to give 

informed consent were excluded. All participants provided written informed consent and the 

study was approved by Research Ethics Board of the University of Western Ontario. 

Study Variables 

Outcome measure (dependent variable) 

BMD: Currently, BMD assessment using DEXA is considered the gold standard for 

identifying individuals at risk of OP fractures.
52,19 

Each standard deviation reduction in BMD 

is found to be associated with at least a 2-fold increase in age-adjusted fracture risk.
53

 We 

measured areal BMD at the femoral neck (FN) and total hip (TH) (g/cm
2
). We selected BMD 

assessment at both FN and TH as widely cited studies suggested these two sites be strong 
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predictors of OP fractures.
53,54

 As recommended by others, we expected that BMD assessment 

done at two sites would support the diagnostic sensitivity of our analysis.
52

 

Independent Variables 

Patients were assessed for balance, physical activity (PA), muscle strength of knee 

extensors (KE) and plantar flexors (PF), grip strength of unaffected hand, and fracture-

specific pain/disability at baseline using reliable and validated measures as discussed in Table 

1. The grip strength of the unaffected hand was evaluated at 3-months post-fracture. The 

details on assessment of these independent variables have been described in Chapter 4 

Table 1 List of independent variables and outcome assessed at the baseline 

 

Statistical Analyses 

Statistical analyses were carried out using STATA/SE 12.0 software. Statistical 

significance was set at p< 0.05. 

 Variable Measure 

D
E

P
E

N
D

E
N

T
 

V
A

R
IA

B
L

E
 Bone strength - areal BMD was 

measured as g/cm
2
 at femoral neck 

and total hip 

# Dual energy X-ray absorptiometry (DEXA) using  

"Biodex System 3 Pro" Biodex Medical Systems, Inc., 

Shirley, NY, USA
19,52

 

IN
D

E
P

E
N

D
E

N
T

 

V
A

R
IA

B
L

E
 

1. Balance # Biodex Balance system SD" Biodex Medical 

Systems, Inc., Shirley, NY, USA
55–57

 

2. Physical activity *Rapid Assessment of Physical Activity (RAPA)
58

 

3. Hand-grip strength (unaffected hand) #Hand-held dynamometer (Jamar hydrolic)
59

 

4. Knee extensor muscle strength (right) #Biodex-Isometric peak Torque
60–62

 

5. Plantar flexor muscle strength (right) #Biodex-Isometric peak Torque
60,62

 

6. Fracture-specific pain and disability *Patient rated wrist evaluation (PRWE)
63,64

 

* self-reported measure 

# standardized measure 

BMD=bone mineral density; NY=New York; USA=United States of America 

All measures were assessed at baseline except for hand grip strength which was evaluated at 3 months 

after distal radius fracture 
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Descriptive statistics and t-test 

The mean and standard deviation (SD) were used to summarize the quantitative 

variables stratified by age and sex. Counts and percentages were used for describing 

categorical data. Normality testing of dependent variables was performed using the Shapiro 

Wilk test. BMD at FN (BMD-FN) and BMD at TH (BMD-TH) were the primary outcomes 

and were treated as continuous variables. We used independent Student t-tests to investigate 

age and sex-based differences in modifiable risk factors and BMD. 

Correlation and simple linear regression analysis 

Bivariate correlations were used to look for the strength and direction of relationships 

between the dependent variables (BMD-FN & BMD-TH) and potential predictors (balance, 

PA, hand grip strength, KE and PF muscle strength) and to consider the presence of 

multicollinearity among the predictor variables. The correlation coefficient (r) of 0.00 to 0.19 

was defined as very weak, 0.20 to 0.39 as weak, 0.40 to 0.69 as moderate, 0.70 to 0.89 as 

strong and 0.90 to 1.00 as very strong.
65

 The partial correlation coefficient (rp) was used to 

investigate the relationship between BMD and an independent variable while controlling for 

all other independent variables. Simple linear regression was then used to explore the strength 

of association between BMD and individual modifiable and non-modifiable risk factors. 

Multiple regression analysis 

For subsequent analyses, modifiable risk factors were simultaneously considered in a 

multiple linear regression model to determine the extent of variability explained in BMD 

while adjusted and unadjusted for age and sex. Only a significant bivariate predictors were 

selected for multiple linear regression to avoid model overfitting. We computed the variance 

inflation ratio (VIF) to look for multicollinearity among independent predictors and VIF of 

below 10 was considered acceptable. However, among two similar measures of lower 
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extremity muscle strength explaining similar bivariate associations with BMD, we included 

only KE muscle strength in our prediction model to a) limit the number of independent 

variables b) reflect the use of KE muscle strength as a modifiable risk factor to predict BMD 

in previous literature
66

 and c) to support knowledge translation, as we felt it might be easier to 

assess KE muscle strength in routine clinical practice. Further, we followed our analysis with 

formal regression diagnostics including tests for homogeneity (Breusch-Pagan/Cook-

Weisberg test) and linearity of residuals (histogram, Shapiro-Wilk test, pnorm, qnorm plots) 

and ensured that there was no violation of the assumption of multicollinearity, homogeneity, 

normality, and linearity.
67

 Residual versus fitted plots, leverage plots and Cook’s distance 

were used to identify observations with high influence. 

Stepwise multiple linear regression analyses were performed for the whole study 

sample as well as in the age-stratified female sample. The p-value for predictors to enter was 

≤ 0.05 and p-value to remove was initially set at ≥ 0.06. However, p-value to remove was 

adjusted to 0.10 (less stringent) for BMD-TH for the age-stratified female sample to arrive at 

the most robust model. These prediction models generated coefficients of determination (R
2
) 

as a measure of the extent of variability in the outcome, explained by the regression. To 

confirm the sensitivity of the prediction model obtained from the stepwise method, forward 

and backward selection regression methods were also used to determine if all methods 

resulted in the same set of predictors. 

Power analysis: We used the G*Power software program to examine whether we were fully 

powered to determine a significant relationships/association for our bivariate correlation and 

multiple regression analysis.
68

 This considers the sample size and number of predictors to 

correctly identify the existing relationships. 

RESULTS 

Participant characteristics 
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Our study sample consisted of 163 females and 27 males with DRF (mean 

age=62.11±7.68 years). About 93% of our sample was right-hand dominant; 40% injured their 

dominant hand. The age and sex-stratified descriptive statistics are presented as 

mean±standard deviation in Tables 2 and 3, respectively.  As shown in Table 2, the majority 

were in the age group of 50-64 years, and predominantly females. While we had more female 

participants, the proportion of males and females within the two age groups was similar. 

Individuals in the 64-80 year old category with DRF had a significantly lower (p<0.05) BMD-

FN, grip strength and PF muscle strength than 50-64 year old (see Table 2). Though not 

statistically a significant, we noticed BMD-TH, balance, PA, KE muscle strength, fracture 

specific pain/disability were comparatively poor among the small sample of 64-80 year old 

patients with DRF (see Table 2). Among males and females, females had a significantly 

(p<0.05) lower BMD-FN, BMD-TH, balance, grip strength, PF and KE muscle strength than 

males (see Table 3). 

Table 2 Descriptive characteristics (age-based) of studied variables among people with distal 

radius fracture (n=190) 

 

 50-64 yr old (n=121) 

Males: 17 (14%) 

Females: 104 (86%) 

65-80 yr old (n= 69) 

Males: 10 (15%) 

Females: 59 (85%) 

p value 

Variable N Mean (SD) N Mean (SD) 

BMD-FN 79 0.870 (0.103) 51 0.821 (0.133) 0.01* 

BMD-TH 80 0.906 (0.131) 51 0.879 (0.139) 0.27 

Balance 103 2.1 (1.2) 55 2.3 (1.1) 0.33 

Grip strength                   

(unaffected hand) 

83 26.7 (7.7) 45 23.4 (7.3) 0.02* 

Plantar flexor  muscle 

strength (right) 

98 67.8 (37.5) 63 57.06 (33.2) 0.06 
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Knee extensor muscle 

strength (right) 

100 90.6 (39.9) 63 74.9 (29.7) .008* 

Physical Activity 103 4.0 (1.3) 66 3.9 (1.8) 0.74 

Fracture-specific pain and 

disability 

108 70.5 (18.4) 64 67.03 (21.8) 0.26 

*a significant at p<0.05                                                                                                 

SD=standard deviation; BMD=bone mineral density; FN= femoral neck; TH= total hip; 

yr=year 

 

 

Table 3 Descriptive characteristics (sex-based) of studied variables among people with DRF 

(n=190) 

 

 Males (n=27) 

50-64 yr old: 17 (63%) 

65-80 yr old: 10 (37%) 

Females (n= 163) 

50-64 yr old: 104 (64%) 

65-80 yr old: 59 (36%) 

p value 

Variable N Mean (SD) N Mean (SD) 

BMD-FN 20 0.949 (0.134) 111 0.833 (0.105) 0.0001** 

BMD-TH 20 1.009 (0.142) 112 0.875 (0.122) 0.0001** 

Balance 20 3.2 (0.9) 140 2.0 (1.1) 0.0001** 

Grip strength 

(unaffected hand) 

18 37.5 (9.9) 111 23.5 (5.2) 0.0001** 

Plantar flexor  muscle 

strength (right) 

23 92.2 (40.6) 140 58.6 (33.1) 0.0001** 

Knee extensor muscle 

strength (right) 

24 123.6 (51.4) 141 78.0 (29.3) 0.0001** 

Physical Activity 25 3.9 (1.4) 146 4.0 (1.5) 0.70 
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Fracture-specific pain 

and disability 

25 74.4 (12.6) 149 68.1 (21.0) 0.14 

**a significant at p<0.001                                                                                                

SD=standard deviation; BMD=bone mineral density; FN= femoral neck; TH= total hip; 

yr=year 

 

Correlation and Simple linear regression 

Relationship and Association between BMD and individual predictors 

BMD-FN showed a moderate to weak positive correlation (r ranging from 0.25-0.40) 

but a significant (p<0.05) linear relationship with hand grip strength, PF strength, KE 

strength, and balance (see Table 4.) BMD-TH presented a weak but statistically a significant 

relationship with grip strength (r=0.35, p=0.0006) and balance (r=0.28, p=0.002) (see Table 

4.) On controlled correlation analysis as represented by partial r (rp), none of the modifiable 

risk factors were a significantly related with BMD-FN and BMD-TH. Simple linear 

regression analysis revealed that balance, grip strength, PF strength, KE strength, and age 

were each a significantly associated with BMD-FN. However, only balance and grip strength 

showed a significant (p<0.05) association with BMD-TH (see Table 4).
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Table 4 Bivariate correlation and univariate association between individual modifiable risk factors and bone mineral density (BMD-Femoral neck 

and BMD-Total hip) 

 BMD-FN BMD-TH 

Variable N r rp B (p-value) R
2
 N r rp B (p-value) R

2
 

Balance 116 0.25* 0.07 0.02 (0.007) * 0.06* 118 0.28* 0.11 0.03 (0.002) * 0.08* 

Grip strength 92 0.40** 0.10 0.006 (0.0001) * 0.16** 92 0.35** 0.13 0.006 (0.001) ** 0.12** 

PF muscle 

strength (rt) 

119 0.26* 0.15 0.0008 (0.005) * 0.07* 120 0.13# 0.06 0.0005 (0.14) 0.02 

KE muscle 

strength (rt) 

120 0.27* -0.01 0.0009 (0.003)* 0.07* 122 0.17# -0.09 0.0006 (0.06) 0.03 

Physical 

activity 

122 -0.04 0.04 -0.003 (0.69) 0.001 122 -0.08 -0.04 -0.008 (0.35) 0.007 

Fracture-

specific pain 

and disability 

124 -0.02 -0.03 -0.0001 (0.85) 0.0003 124 0.04 0.02 0.0003 (0.62) 0.002 

p=level of significance; SD=standard deviation; BMD=bone mineral density; FN= femoral neck; TH= total hip; yr=year; rt=right; PF=plantar 

flexor; KE=knee extensor; R
2
= coefficient of determination; B=unstandardized regression coefficient; r=Pearson correlation coefficient;                      

* p <0.05, ** p <0.001, # p <0.15 
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Multiple Regression 

Variability in BMD as explained by modifiable risk factors 

Regression diagnostics done to determine the appropriateness of data for multiple 

regression suggested the mild violation of the assumption of normality for residuals (BMD-FN 

p=0.04, BMD-TH p=0.02). ID 119 was identified as one of the influential observations with 

cooks distance of 0.22 (quite large in comparison to 4/n=0.05) and was removed, with no change 

in the overall fit of the model (R
2

change = 0.0097 for BMD-FN, R
2

change= 0.0154 for BMD-TH). In 

our final prediction model for BMD-FN and BMD-TH, there was no multicollinearity (VIF < 

10), homogeneity assumption was fulfilled (p>0.05), and residuals were normally distributed 

(p>0.05). When adjusted for non-modifiable risk factors such as age and sex (data not shown in 

table), none of the risk factor independently explained variability in BMD but the modifiable risk 

factors collectively accounted for 20% and 16% of variability in BMD-FN (F(5,74) = 3.67, 

p=0.005, n=80) and BMD-TH (F(5,75) = 2.92, p=0.02, n=81) respectively. The overall fit of the 

regression line and beta weights are presented in Table 5a. There was no significant interaction of 

age and sex with any of the modifiable risk factors. We were not powered to test the interactions 

among the modifiable risk factors and thus these were not tested. When unadjusted for age and 

sex (see Table 5), grip strength of the unaffected hand explained a small but a significant amount 

of the variability in BMD-FN (R
2
 =0.17, F(3,77) = 5.20, p=0.002,n=81) and BMD-TH (R

2
 =0.14, 

F(3,78) = 4.23, p=0.008, n=82). The actual percent change in the regression coefficient of grip 

strength on the unadjusted analysis was 1.5 %. 
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Table 5 Unadjusted linear regression modelling of the association of modifiable risk factors on 

BMD 

 

Variable BMD-Femoral neck (n=81) BMD-TH (n=82) 

Model summary R
2
 Unadjusted 

R
2
 

Standard 

error 

R
2
 Unadjusted 

R
2
 

Standard 

error 

 0.17* 0.14 0.11 0.14* 0.11 0.13 

Coefficients Β (95% CI) β Β (95% CI) β 

Constant 0.69(0.60, 0.77)  0.72(0.62,0.82)  

Balance 0.007 (-0.01,0.03) 0.07 0.02 (-0.008,0.04) 0.14 

Grip strength 0.005 (0.0008,0.009)* 0.34 0.006 (0.001,0.01) * 0.35 

Knee extensor 

strength 

0.0002 (-0.0007,0.001) 0.06 -0.0003 (-0.001,0.0007) -0.08 

*p <0.05 

CI=confidence interval, rt=right; BMD=bone mineral density; PF= plantar flexion muscle; R
2
= 

coefficient of determination; B=unstandardized regression coefficient; β=standardized 

regression coefficient 

 

Stepwise multiple linear regression 

Independent predictor of BMD (see Table 6): The results showed that grip strength was 

the only independent predictor explaining 17 % and 12% of total variability in BMD-FN (F(1,78) 

= 15.19, p=0.0002) and BMD-TH (F(1,79) = 10.80, p=0.001), while all other modifiable risk 

factors were removed from the model. Mathematically, the final prediction model for full sample 

was presented as: BMD-femoral neck = 0.69+0.006 (grip strength) and BMD-total hip = 

0.73+0.006 (grip strength). 
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Table 6 Independent predictors of bone mineral density: Results from stepwise multiple linear 

regression for full sample 

 

Variable BMD-Femoral neck (n=80) BMD-total hip (n=81) 

Model 

summary 

R
2
 Adjusted R

2
 Standard 

error 

R
2
 Adjusted 

R
2
 

Standard 

error 

 0.17* 0.16 0.11 0.12* 0.10 0.12 

Coefficients B 95% CI B 95% CI 

Constant 0.69 0.003,0.008 0.73 0.64, 0.82 

Grip 

strength 

0.006* 0.62, 0.77 0.006* 0.002, 0.009 

*p <0.05 

CI=confidence interval; BMD=bone mineral density; B=unstandardized regression coefficient; 

R
2
= coefficient of determination                                                                                                                                                      

BMD-femoral neck = 0.69+0.006 (grip strength)                                                                      

BMD-total hip = 0.73+0.006 (grip strength) 

 

The age-stratified stepwise regression analysis done to explore the association between 

BMD and modifiable risk factors among two different age groups of women with DRF is 

presented in Table 7. The regression analysis revealed that balance alone explained 10% (R
2
 

=0.10, F(1,40) = 4.57, p=0.04) of total variability in BMD-FN among 50-64 year old women with 

DRF. Hand grip strength was identified as the independent predictor explaining 32% (R
2
 =0.32, 

F(1,23) = 10.78, p=0.003) of the total variability in BMD-FN among 65-80 year old 

postmenopausal women with DRF. However, modifiable risk factors were omitted from the 

regression model at pe=<0.05 and pr = >0.06 and were not able to explain variability in BMD-TH 

when the sample of women with DRF was stratified by age. On using pe=<0.05 and less stringent 
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pr >0.1, we noted similar findings between the two bone testing sites; both balance (R
2
 =0.07, 

F(1,41) = 3.48, p=0.069) and hand grip strength (R
2
 =0.14, F(1,23) = 3.79, p=0.063) were 

revealed as independent predictors of BMD-TH in 50-64 year old and 65-80 year old women 

with DRF, respectively (data not presented in table). We were underpowered to conduct age-

stratified stepwise regression analysis for a male-only sample. 

Table 7 Independent predictors of bone mineral density at femoral-neck: Results from stepwise 

multiple linear regression in age-stratified female sample 

 

 BMD-FN (n=42) 

if age 50-64 

BMD-FN (n=25) 

if age 65-80 

Model 

summary 

R
2
 Adjusted 

R
2
 

Standard 

error 

Model 

summary 

R
2
 Adjusted 

R
2
 

Standard 

error 

 0.10* 0.08 0.09  0.32* 0.29 0.10 

Coefficient B 95% CI Coefficient B 95% CI 

Constant 0.78 0.71, 0.84 constant 0.45 0.23,0.67 

Balance 0.03* 0.001, 0.06 Grip 

strength 

0.02* 0.006, 0.03 

*p <0.05 

CI= confidence interval, BMD-FN= BMD-femoral neck, B= unstandardized regression coefficient; 

R
2
= coefficient of determination 

Age group (50-64 year old): BMD-FN=0.78+0.03 (balance) 

Age group (65-80 year old): BMD-FN=0.45+0.02 (grip strength) 

 

The post hoc power analysis suggested that on correlation analysis, the power of our study 

ranged from 83-99% for all variables except for the relationship of BMD with RAPA (power 

=10%) and PRWE (power=7%). For multiple regression analysis, we were fully powered to 
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provide conclusive evidence for independent predictor of BMD-FN (power=87%) but fell below 

the target level of 80% for BMD-TH (power= 69 %). Also, we were not fully powered to 

investigate independent predictor of BMD-FN for age stratified women only sample with DRF. 

(Power for 50-64 year old=37%, 65-80 year old=22 %). For a fully powered (0.80) study with 

moderate effect size (0.15), we were in need of 92 subjects for the whole sample and 77 subjects 

for each age-stratified women only sample.  

DISCUSSION 

In this study, we found that unaffected hand grip strength was an independent modifiable 

risk factor associated with BMD in people with DRF. Both reduced hand grip strength and poor 

postural balance were associated with low BMD among women with DRF. Grip strength has 

shown correlation with both overall muscle strength and fitness in previous studies.
69–72

 Also, 

postural balance is seen to be related with BMD in previous studies.
42,73

 Postural balance may be 

either a predictor or consequence of physical activity
74,75

; and weight-bearing physical activity is 

known to be a modifier of bone density.
76

 Thus, we expect these predictors act indirectly on bone 

density.  Our results not only support recently published papers suggesting that patients with DRF 

tend to have lower contra-lateral grip strength
30,31

 and poor postural balance
33,34

, but also add 

clinical implications of these findings in predicting BMD. Our study adds to the literature since 

we had a larger sample, and we used a stratified regression models to determine independent 

modifiable determinants of BMD. 

In consistency with other studies,
77–79

 we identified that advancing age results in reduction 

in muscle strength and BMD. We dichotomized our participants to 50-64 and 65-80 year age 

groups as the substantial bone loss usually occur at around 50 years in women and 65 years in 

men. When compared with males, females presented significantly lower BMD, muscle strength, 
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and postural balance. Similar to our findings, studies have shown that bone strength, muscle 

strength and balance to be lower in women with DRF.
32,33

 The reduction in estrogen and changes 

in muscle architecture (increase in non-contractile tissue such as intramuscular fat, increase 

muscle atrophy especially of type 2 muscle fibers) with the onset of menopause could be one of 

the reasons for the sex based differences.
80,81

Among all modifiable risk factors, hand grip 

strength, lower extremity strength and balance presented a significant relationship with the BMD. 

Our results were consistent with other studies confirming the importance of muscle strength to 

BMD.
42,82

 In 117 physically active women aged 50 years or older, Marin et al. noted a high 

correlation of hand grip strength and BMD, irrespective of the site of BMD, while static balance 

exhibited a weakly positive, but a significant correlation with spinal bone density.
42

 While 

previous studies have shown leg extensor muscle strength as a predictor of BMD among patients 

with Parkinson disease
36

, we did not find such relationship in our study. This may be because our 

sample was healthier, that grip is highly correlated with leg strength, or that grip strength has less 

measurement error to diffuse the observable correlation. 

Physical activity was not found to be associated with BMD.  This was in agreement with 

Stewart et al. who reported no a significant relationship between routine physical activity with 

BMD among 55-75 year old healthy sample of men and women.
78

 Our results were contradictory 

to the literature which suggest that skeletal loading produced during physical activities by either 

weight-bearing against gravity or due to the traction forces applied by the muscles on the bone 

results in dynamic stress on the bone tissue.
83,84

 As a subsequent biologic response, the stress 

results in increased BMD due to osteoblastic activity.
85–89

 But in most of these studies, PA levels 

were confined to either of adolescent girls or young adult men except the one study
88

 done in 

elderly women. Bergstrom et al. have reported that physically active individuals have higher 
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BMD than those with sedentary lifestyles.
90

 Similarly, a recent study has identified that 60 

minutes of daily moderate to vigorous recreational physical activity results in increased BMD at 

femoral and spinal sites in adolescent girls but not in the older women.
91

 Instead, the increased 

amount of sedentary time was found to be associated with the lower BMD in older women.
91

 

Though we did not evaluate the amount of sedentary time in our study, it might be an interesting 

area to consider in future research. We must acknowledge that the outcome measure  used to 

evaluate physical activity in our study has been estimated to exhibit lower reliability estimates 

(ICC= 0.68)
92

 and has not been validated for people with DRF. Furthermore, RAPA is a 9 item 

short questionnaire which might not reflect a wide range of PA engaged in by older adults with 

DRF which might have also biased our findings. 

Similarly, it was interesting to note a lack of a significant relationship between fracture-

specific pain/disability and BMD. While pain and disability are important outcomes, they do 

resolve within 6-months for the majority of patients with DRF
93

; this may be why they do not 

show an impact on BMD. Overall, we found that hand grip strength was the only risk factor 

which independently explained variability in BMD in a complete sample of people with DRF. 

This finding was similar to previous studies.
23,94,95

 Interestingly, there was no difference in the 

modifiable determinant of BMD irrespective of whether site was at femoral neck or TH. We 

could not control for confounding effect exhibited by age and sex prior to the study. So, we 

stratified our sample to control for known confounders identified in our study.  

Age and sex stratified analyses in our study revealed that balance and hand grip strength 

respectively explained 10% and 32% of the variability in femoral BMD in 50-64 and 65-80 year 

old women sample of people with DRF. The postural balance could explain variability in BMD 

based on the fact that postural imbalance might cause shifting of body weight away from the 
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center of gravity which can lead to less weight bearing on the bones. Future studies must 

investigate if postural balance stays as an independent predictor of BMD in a body weight 

adjusted sample of people with DRF. Abreu et al. suggest that the aging process among elderly 

women with osteoporosis results in impaired sensory functions, posture and muscle imbalance 

which then interferes with both mediolateral and anteroposterior static balance stability.
96

 

Previous research has identified the association of balance impairment with low BMD among 

postmenopausal women suggesting the relationship between the bone disorder and balance 

impairment but not vice versa as noted in our study which limited our ability to compare it further 

with the existing literature.
73,96

 Recently, Mehta et al. have established high reliability for “Timed 

up and go” (TUG) test for assessment of functional balance among patients with DRF (age range 

62.6±7.6).
92

 Based on results from our study, we advise that therapists consider evaluating 

postural balance using TUG to screen if their patients are at risk of low BMD and need a referral 

for BMD testing. 

Similar to the findings seen in our study, Monaco et al. reported that hand grip strength 

explained 33% of the variability in distal radius BMD among 51-80 year old sample (n=102) of 

postmenopausal women.
94

  In other studies, hand grip strength has been identified to be an 

independent predictor of hip,
95,97

 femoral or spine BMD,
23,42,95,97,98

 among women. On the 

contrary, Zimmerman et al. did not find any association between grip strength and BMD-TH 

among postmenopausal women.
98

 However, they were underpowered to confirm a significant 

association.  Although muscle forces have a positive influence on building bone
99

, the size, and 

location of the grip muscles makes it unlikely to directly impact BMD at the hip or femoral neck. 

Rather grip strength may be an indicator of overall muscle strength and fitness
69–72

, or 

confounding the relationship between activity and BMD. Conversely, better grip strength may 
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allow people to engage in a more active lifestyle or occupational tasks that involve weight-

bearing and thus indirectly could be related to better bone health. As per our understanding, due 

to the distant location of the site of BMD testing used in our study, this relationship is not due to 

the direct force of muscles on the bone as increased joint reaction force could be expected as a 

result of muscle contraction. Our data did not explain the mechanism or direct cause-effect 

relationship between wrist/hand muscle force and BMD reported at distal sites i.e. whether the 

relationship could be related to common genes
100

 or due to some other unexplained reasons. 

Probably, we might explain this association as increased compensatory physical stress or muscle 

contraction on unaffected hand could have resulted in localized bone formation which could have 

improved the overall bone metabolism and had its effect on the distant skeleton.
101

 Moreover, in 

many studies, hand grip strength is determinant of functional limitation, frailty, functional 

decline, and mortality among older adults.
102–105

 

 It was not uncommon that grip strength of the unaffected hand was evaluated in our study 

at 3 month of follow-up. The hand grip strength of the unaffected hand has been used previously 

as a reference value.
5,31,106,107

 Moreover, in this study we aimed to evaluate the extent of 

variability explained in the BMD and not to estimate the recovery pattern of hand function.  

Overall, the findings from the present study must be considered within the context of the 

strengths and limitations. This study has addressed a novel issue and provided an important 

perspective to physical therapists evaluating hand grip strength as part of the routine clinical 

assessment of patients with DRF. Therapists might consider evaluating grip strength of 

unaffected hand and comparing it with the norms to identify those who might benefit with a 

referral for BMD testing. However, due to the cross-sectional nature of evidence, the association 

between hand grip strength and BMD cannot be interpreted as causal. Future prospective research 
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should investigate the causal relationship between wrist-hand muscle and bone interaction to 

determine if strengthening of hand grip strength could improve BMD among patients with DRF.  

Our age-stratified results are limited to females with DRF which facilitates internal validity of 

our findings. We strongly recommend that subsequent studies should be focused on identifying 

modifiable determinants of BMD among males. Also, future studies must be conducted on a large 

sample to validate the preliminary findings established in this study and to determine the cut off 

value for grip strength and actual balance scores which could identify patients at risk of 

secondary OP after DRF. 

CONCLUSIONS 

Unaffected hand grip strength (assessed at 3 months post DRF) and postural balance can 

be considered as modifiable factors associated with BMD among people with DRF. Since hand 

grip strength and balance are modifiable factors that are related to bone health, they may 

represent useful preventive screening approaches for secondary OP fractures.  

KEY MESSAGES 

What is already known on this topic 

DRF is an early and independent predictor of secondary OP fractures and majority of 

older people with DRF present with low BMD. Modifiable risk factors such as muscle strength, 

balance and physical activity which can be easily evaluated in the physical therapy practice can 

predict BMD in a variety of patient population with musculoskeletal and neurological disorders 

or among healthy elderly. 
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What this study adds 

This study adds that unaffected hand grip strength evaluated at 3-months post fracture 

predicts BMD at the time of DRF. Postmenopausal women with low grip strength should be 

considered at higher risk and may need more detailed bone health assessment and secondary OP 

fracture prevention. 
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Abstract  

Purpose: To determine the extent to which modifiable risk factors alone or in combination with 

bone mineral density (BMD) and non-modifiable risk factors could predict subsequent falls (at 6 

months prior to 4-year follow-up) and osteoporotic (OP) fractures after DRF. 

Methods: We assessed a cohort of patients (n=191; mean age=62±8 years; female=88.5%) 

shortly after DRF (baseline) and again at four years to identify subsequent falls (in last 6 months) 

or OP fractures. Baseline predictors collected included: age, sex and prior history of multiple 

(≥2) falls; and modifiable predictors such as balance, muscle strength, physical activity, fear of 

falling, BMD, fracture-specific pain/disability, and general health status (HS). Univariate, 

multivariate and stepwise logistic regression analysis was conducted to compute odds ratio (OR) 

with 95% CI to express the extent of association between the risk factors and outcome 

(subsequent falls and fracture). 

Results: Among 113 respondents, 24% reported ≥1 subsequent fall and 19% reported >1 

subsequent fracture at a mean four years after DRF. The significant predictors of subsequent falls 

included: poor balance (OR=3.3, 95% CI=1.1, 10.5), low BMD at total hip (OR=3.3, 95% 

CI=1.1, 10.3), high scores of fracture-specific pain/disability (OR=3.0, 95% CI=1.1, 7.8) and 

prior falls (OR= 3.4, 95% CI=1.3, 8.8). When adjusted for BMD, age, and sex, only prior falls 

(OR= 4.1, 95% CI=1.1, 15.8) remained significant. None of the modifiable or non-modifiable 

risk factors were significantly associated with subsequent fractures.  Although the point estimate 

of the odds of subsequent fracture in patients with osteopenia or osteoporosis was elevated, 

confidence intervals were wide and nonsignificant (OR= 4.5, 95% CI=0.7, 29.3). The probability 

to predict subsequent falls ranged from 64% to 90% with our adjusted regression models, while 

the probability to predict subsequent fractures ranged from 10% to 44%. Our prediction model 
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consisting of modifiable risk factors such as postural balance, fracture-specific pain/disability 

and BMD showed acceptable (AUC=0.70) discriminative ability to identify patients who might 

be at risk of subsequent falls and OP fractures after DRF. 

Conclusion:  Prior history of multiple falls (≥2) is an independent predictor of subsequent falls 

in patients with DRF. In clinical practice, screening of patients for balance, fracture-specific 

pain/disability, BMD and prior falls can be a useful strategy to identify those who might be at 

risk of subsequent falls after their first DRF. 

Key words: wrist fracture, osteoporosis, falls, bone density, risk factors 

Conflict of Interest: NA 

 

 

 

 

 

 

 

 

 



Ph.D. Thesis - N. Dewan; McMaster University - Rehabilitation Science
   

116 
 

Mini Abstract  

In a prospective cohort of 113 patients followed up at 4 years after DRF, 24% of patients’ 

experienced a subsequent fall and 19% experienced a subsequent fracture. People with poor 

balance, greater fracture-specific pain/disability, osteopenia or osteoporosis and a prior history of 

multiple falls had nearly a 3 times higher odds of subsequent falls.  People diagnosed with 

osteopenia or osteoporosis had 4 times higher odds of a subsequent fracture. 
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Introduction 

Distal radius fracture (DRF) is the most common low energy fracture caused by a fall on 

an outstretched hand from a standing height or lower [1]. In males and females over the age of 

50 years, the lifetime risk of DRF is estimated to be 6% and 33%, respectively [2,3]. In the 

United States [US), the annual cost of 1.1 billion is attributed to the treatment of DRF associated 

with osteoporosis [4].  

Patients with fall-related DRF have been identified to be at high risk of subsequent falls 

[5–7]. Reduced physical activity (PA) due to pain, disability and fear of falling (FOF) after fall-

related DRF is theorized to increase the risk of future falls and osteoporotic (OP) fractures by 

increased bone loss and decreased effectiveness of protective responses through the deterioration 

of muscular strength, balance, coordination, and reaction time [6–13].  

High-quality evidence suggests that DRF is an early and independent predictor of future 

OP fractures at other skeletal sites [14,15]. In a 3 year follow-up of 158,940 postmenopausal 

women (PMW), aged 50-98 years, in the National Osteoporosis Risk Assessment (NORA) study, 

it was reported that a prior wrist fracture increased future fracture risk three-fold for the wrist and 

two-fold for OP fractures at other skeletal sites [14]. In another large clinical cohort from 

Manitoba, Hodsman et al. showed that although the risk of subsequent fracture at ten years after 

DRF was substantially lower than after OP fracture at other skeletal sites but overall risk was 

significantly higher by 11% (p<0.001) than those without a prior fracture [16]. 

Currently, BMD assessment using dual energy X-ray absorptiometry (DEXA) is 

considered the gold standard for identifying individuals at risk of OP fractures [17,18]. However, 

the NORA study and meta-analysis of international data demonstrate that BMD is a minor risk 
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factor given clinical risk factors such as prior fragility fracture [14,19]. In a very recent study, 

PMW with a wrist fracture who were followed over a period of 11.8 years experienced 1.5 fold 

higher risk of subsequent hip fractures in comparison to healthy controls without fracture [15]. 

Interestingly, this association between wrist fracture and subsequent fractures was independent 

of other OP risk factors and baseline BMD [15]. Considering that BMD alone could 

underestimate the risk of subsequent fractures, multiple studies have suggested the need to 

address clinical risk factors for secondary prevention of subsequent fractures among patients 

with DRF [6,15,20,21]. 

High quality studies have addressed screening [22–27] and physical therapy management 

[28–31] to mitigate multiple modifiable risk factors as a means of reducing  the burden of  falls 

and OP fractures in community-dwelling elderly [22,23,26], PMW women [27] and people with 

hip fractures [24,25]. However, there is limited evidence to quantify which of these modifiable 

risk factors are early and sensitive indicators of subsequent falls and OP fractures in the fall-

related DRF population who are relatively young and potentially healthier than the hip or 

vertebral fracture population. The most widely cited fracture risk prediction tools such as the 

Garven model [32] and fracture risk assessment tool (FRAX) [33] assess 5-10 year absolute 

fracture risk but do not include modifiable risk factors related to physical functioning such as 

balance, muscle strength, PA and FOF which can be easily targeted in rehabilitation for future 

falls/fracture prevention. The non-modifiable factors such as age [34–37], sex [38–40] and prior 

fall history [22,23,35,37,41] are well accepted predictors of falls and fractures. Exploring and 

understanding the modifiable factors which can predict subsequent falls and fractures after DRF 

could help to address the existing knowledge to practice gap for subsequent fall/fracture 

prevention for people with DRF. Also, we consider it to be a crucial step in the identification of 
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patients at risk and to design appropriate treatment strategies. The objectives of our study were to 

determine i) the extent to which modifiable clinical factors such as balance, lower extremity (LE) 

muscle strength, grip strength, PA, FOF, fracture-related pain and disability, general HS and 

BMD present at time of a DRF predict subsequent falls and osteoporotic fractures at 4-years after 

DRF ii) the association of modifiable risk factors with subsequent falls and osteoporotic fractures 

after controlling for BMD and non-modifiable factors (age, sex, and prior history of multiple 

falls). 

Methods 

Study design and Participants 

This was a prospective cohort study conducted at Roth-McFarlane Hand and Upper Limb 

Centre (HULC), London, Ontario. Patients aged 50-80 years old and diagnosed with DRF who 

had previously consented for baseline and follow-up assessments were considered eligible to 

participate in this longer term follow-up study. Patients with poor English comprehension, 

unable to provide informed consent, unable to be scheduled for BMD assessment and those with 

neurological/cognitive impairments were excluded. This study was approved by Research Ethics 

Board of University of Western Ontario. 

Study Procedure 

The patient’s age, sex, prior history of multiple (≥2) falls, occupation, hand dominance, 

mechanism of fracture, side of fractured hand, type of treatment, work status, worker 

compensation claim, smoking, alcohol intake, and education were recorded shortly after 

sustaining the DRF. These values constitute the baseline values used in the present study. 

Eligible patients (n=191) were invited by mail to participate in a 4-year follow-up. A package 
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consisting of the letter of invitation, a patient information sheet, a consent form, a short 

questionnaire and a pre-paid envelope was mailed. The short questionnaire included a question 

on incidence of subsequent falls in the last 6 months (n≥1; yes/no), presence of a new fracture at 

any site (n≥1; yes/no), location/site of fracture and a question to rule out if fracture was caused 

by a fall from a standing height or by a high energy trauma such as motor vehicle accident.  

Patients were requested to return the completed questionnaire with the signed consent form in the 

stamped self-addressed envelope within two weeks. Two reminder phone calls were made to all 

non-responders when there was no response at 5 weeks after the first mailing. The primary 

investigator had phoned non-responder patients (n=99) to obtain information regarding any 

subsequent fall in the last 6 months (n≥1; yes/no) or fracture at any site (n≥1; yes/no).  

Study Measures 

Dependent/Outcome variable 

Incident fall (occurred in last 6 months prior to 4-year follow up) and incident OP 

fractures (occurred any time after first DRF): A fall was defined as “an unintentional change in 

position resulting in coming to rest at a lower level such as a chair or on the ground” [42]. 

Incident OP fractures were defined as any new fracture at sites which are age-dependent and 

have shown a graded relationship with BMD such as the proximal femur, vertebral, forearm, 

humerus, pelvis, clavicle, scapula, sternum, ribs, and ankle [43,44].Fractures of distal tibia and 

fibula were considered as OP fractures only in females but not in males. Fracture of any other 

bones such as ankle, hands, fingers, feet, toes, patella, face and skull were not considered as OP 

fracture [43,44]. 

Potential Predictors 
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The predictor variables were assessed at the baseline using performance measures for 

balance, lower-extremity muscle strength and hand grip strength. Self-reported outcome 

measures were used to evaluate PA, FOF, fracture-specific pain and disability, and general HS. 

DEXA was used to assess BMD. 

A. Performance measures 

Balance was assessed using the "Biodex Balance system SD" (BBS, Biodex Medical 

Systems Inc., Shirley, NY, USA) a multiaxial railed perturbation device that provides the 

objective recording of an individual’s ability to stabilize the joint to withstand dynamic stress 

[45,46]. A standardized procedure was followed according to the manufacturer instruction to 

evaluate the fall risk test (FRT) scores [47]. BBS SD program provides age specified norms for 

FRT which we used to categorize our participants as having an average (normal) or worse than 

average (above normal) scores. Recently, good and acceptable test-retest reliability (intraclass 

correlation coefficient (ICC)=0.69) has been established for the FRT among physically active 

older adults [48]. 

LE isometric muscle strength was measured using the "Biodex System 3 Pro dynamometer" 

(Biodex Medical Systems Inc., Shirley, NY, USA). Each patient was tested for knee extension 

(KE) and ankle plantar flexion (PF) muscle strength in both the legs using standardized 

procedures as described in the literature [49]. The leg dominance was determined based on the 

preference of leg to kick a ball. The Biodex system has shown good reliability (ICC=0.58-0.93) 

for assessment of knee and ankle muscle strength/peak power in the elderly population [50,51]. 

Hand grip strength was determined using a hand-held dynamometer (NK Digit-grip device). 

Hand-held dynamometer is one of the most reliable (ICC=0.95) and a valid measures for the 

assessment of hand grip strength [52,53]. The grip strength was assessed 3 month post-DRF for 
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both injured and uninjured hand using standardized methods recommended by American Society 

of Hand Therapists [54]. The hand grip strength was reported as an average of two trials and the 

peak force was measured in kilograms.  

To ease the clinical interpretation of muscle strength assessment done among both dominant 

and non-dominant (ND) extremities, we computed strength deficit for both LE muscle strength 

as well as hand grip strength. The strength deficit for LE muscle strength was computed as the 

deficit in the strength of non-dominant LE normalized to the dominant one, using the formula 

[55,56]: 

LE muscle strength deficit = 100 - (ND/D*100) 

Similarly, hand grip strength deficit was computed as the deficit in the strength of injured hand 

normalized to the non-injured one, using the formula [55,56]: 

Hand grip strength deficit = 100 – (injured/non injured*100) 

B. Self-reported measures 

PA was evaluated using the 10-item Rapid Assessment of Physical Activity (RAPA) 

questionnaire [57]. Each question is answered as a yes/no response and a score of ≥6 suggests a 

good level of PA. RAPA has proven reliability and validity for PA assessment particularly in the 

older people [57,58]. 

FOF was assessed using the Modified Fall Efficacy Scale (MFES), a 14-item 

questionnaire that evaluates confidence in one’s ability to perform activities of daily living 

without falling [59]. Subjects are asked to rate their confidence in performing each activity 

without falling, on a scale ranging from 0 (not confident) to 10 (completely confident). The total 
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score is computed as an average score across all 14 items, and a score of less than 8 indicates a 

high FOF [59,60]. The reliability (ICC=0.93, Cronbach’s alpha=0.95) and validity of the MFES 

has been well-established in the older adult population [60]. 

Fracture-specific pain and disability was assessed using the Patient-Rated Wrist 

Evaluation (PRWE), a standardized 15-item questionnaire [61]. The PRWE consist of 2 

subscales evaluating pain and disability, respectively, at the wrist and hand. The total score can 

vary from 0-100 with a higher score indicating more pain and functional disability. The PRWE is 

a reliable (ICC>0.90) [61]and valid outcome measure (Standardized response mean=2.27) used 

to evaluate pain and disability in DRF population [62]. An improvement by 11.5 points and 11 

points is respectively considered as the minimal clinically important difference (MCID) and 

minimal detectable change in PRWE scores for patients with DRF [63]. 

General health was evaluated using 12-item Short Form (SF-12v2) Health Survey, an 

improvised 12-item version of the 36-item Short Form (SF 36) Health Survey. SF-12v2 is a 

generic self-report measure with well-established reliability and validity [64–66]. The 12 items 

of the SF-12v2 measure 8 health domains of original 36-item questionnaire: physical functioning 

(2 items), role physical (2 items), bodily pain (1 item), general health (1 item), vitality (1 item), 

social functioning (1 item), role emotional (2 items), and mental health (2 items) [66]. These 

domains can be categorized into a physical component summary (PCS) score and a mental 

component summary (MCS) scores. The total score varies from 0 to 100, with a higher score 

indicating better functioning, well-being or general health. A score of 50 or more indicates a 

positive perception of health and a score below 50 indicates a negative perception [66]. 

C. Dual Energy X-ray Absorptiometry (DEXA) 
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BMD was measured at the lumbar spine (L2-L4) and hip (left/non dominant) using 

DEXA by a trained health professional at the HULC. Based on the recommendation from 

previous studies, we selected T-score assessments from the lumbar spine  (LS) and total hip (TH) 

as the two sites for fracture risk prediction [18,67]. The World Health Organization (WHO) 

definition for osteoporosis was used to categorize the patients as normal with a T-score of -1 or 

higher, osteopenia with a T score between -1 and -2.5 and osteoporosis with a T-score of -2.5 or 

lower [68]. 

D. Non-modifiable predictors as control variable 

The baseline data on the patient’s age, sex and prior history of multiple falls (≥2) was 

extracted from the existing database. 

For clinical interpretation, we dichotomized (2 categories) the continuous and categorical 

variables to represent low and high risk categories. We selected cut-off points according to the 

clinical normative standard for variables such as balance-FRT (36-53 year old:1.23-3.03, 54-71 

year old: 1.79 to 3.35, 72 to 89 year old: 1.90 to 3.50 as normal; > normal as impaired balance) 

[47], general HS (>50 points as normal; ≤ 50 points as poor HS) [66,69], BMD (-1 and above as 

normal; -1.1 and below as osteopenia or osteoporosis) [68] or based on the pre-established 

optimal point suggested in the literature such as for RAPA (6 points and above as normal; <6 

points as inactive) [57] and MFES (8 points and above as normal; <8 points as high FOF) 

[59,60]. For variables such as PRWE, we dichotomized by first grouping the scores into quartiles 

(25
th

, 50
th

 and 75
th

 percentile) and selected 75
th

 percentile value as the optimal cut off point based 

on our clinical expertise and the point with the smallest log likelihood value (best fit) [22,70]. 

For muscle strength deficit, we tested 3 cut-off points as recommended in the literature [49]: 0-

10% (no deficit), 11-25% (mild weakness) and >25% (marked weakness). Similar to PRWE, we 
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had chosen optimal cut-off point for the muscle strength deficit based on the recommendations 

from the literature [71], our clinical expertise and the point with the smallest log likelihood value 

[70]. We selected >10% deficit between dominant and ND extremities as weakness for LE 

muscle strength [49]. However, considering that hand grip strength (both injured and uninjured 

hands) was assessed at three-months post-DRF, we considered >25% deficit as weak grip 

strength [49]. 

Statistical analysis 

We analyzed our data using SPSS version 23 (IBM SPSS Inc., Chicago, Ill., USA) and 

statistical significance was set at p < 0.05. Mean and standard deviation were used to describe the 

continuous variables. Number and percentages were used to describe the categorical variables. 

Chi square tests were used to test if the modifiable risk factors were associated with subsequent 

falls and fractures; however, Fisher exact test was substituted, when the expected cell count was 

less than 5 [70,72]. Bivariate logistic regression analysis was conducted to compute odds ratio 

(OR) with 95% CI to express the extent of association between the modifiable risk factors and 

the outcome (subsequent falls and fracture). The significant univariate predictors with p<0.05 for 

falls and p< 0.25 for fractures on Wald test were used for multivariate logistic regression 

modeling to determine the independent predictor of subsequent falls and fractures respectively. 

We selected a less restrictive significance level of <0.25 for selection of independent variables 

for prediction of subsequent fractures [70]. This is due to the exploratory nature of this study in 

which we did not wish to discard potentially clinically significant risk factors. We conducted 

multiple logistic regression analysis for 3 models to predict subsequent falls and fractures: model 

1 consisted of significant modifiable predictors unadjusted for BMD and non- modifiable risk 

factors; model 2 consisted of significant modifiable predictors adjusted for BMD but unadjusted 
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for non-modifiable risk factors; model 3 consisted of significant modifiable predictors adjusted 

for BMD and non-modifiable risk factors. We tested for multicollinearity among dichotomous 

predictors using phi coefficient [73–75]. In case of high correlation (phi>0.30), [75,76] only one 

of the clinically important variables was selected for the regression model. We also computed the 

variance inflation factor (VIF) as an additional measure to look for multicollinearity among the 

independent predictors and a VIF below 10 was considered acceptable. 

The Hosmer and Lemeshow test was used to evaluate the goodness of fit for our model. 

The omnibus test was used to look for the significance of the model coefficient. The deviance or 

-2 log likelihood (LL) statistic defines the unexplained observation, and it was used to check if 

there was any improvement with additional explanatory variables in our new models over the 

baseline model [76]. To evaluate the model fit to our sample, diagnostic statistics was performed 

for each of the multivariate logistic regression model using parameters such as standardized 

residual, cooks distance, leverage and DF Beta [70]. Due to our small sample, we were unable to 

analyze for potential interactions between the independent variables. The clinical significance of 

risk factors was reported using the effect size for a given OR. Cohen’s d convention used for a 

small (0.2), medium (0.5) and large (0.8) effect size were considered equivalent to OR of 1.49 

(weak association), 3.45 (moderate association) and 9 (strong association) respectively [74]. 

Furthermore, we computed probability as explained by our prediction model using the 

formula: Pfall or Pfracture=e 
(β
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where Pfall or Pfracture = 

probability of subsequent falls or OP fracture respectively, β0 is the constant and β1, β2 and βn 

represent the regression coefficients for each of the predictors x1, x2, xn. The threshold used to 

describe the probability that a person will have subsequent falls/fractures after DRF were as 

follows [77]: <1% almost certainly not; <5% very unlikely; <25% unlikely; <50% possibly not; 
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>50% possibly; >75% likely; >95% very likely; >99% almost certain. The predicted probabilities 

from each model were then used to construct a Receiver-Operator Characteristic (ROC) curve, in 

which sensitivity is plotted against 1-specificity. The area under the ROC curve (AUC) was used 

to explore discriminative ability of our model (i.e., the extent to which the model will correctly 

discriminate among those who will have the outcome (falls/fractures) from those who will not). 

The AUC of 1.0 indicates that model has the perfect predictive ability [23] and SPSS produces a 

default cut point at 0.5 reflecting no predictive ability. We followed Hosmer and Lemeshow 

guidelines for interpreting AUC (≥0.9 is outstanding, 0.8≤AUC<0.9 is excellent, 0.7≤AUC<0.8 

is acceptable, < 0.7 is no predictive power) [76].  

Results 

Descriptive characteristics 

At follow-up period of 4 ± 1 years, 113 participants (mean age=62.5±7.7 years, 

females=100) responded to our follow-up questions on incident falls and fractures secondary to 

DRF. We noted that nearly 55% of participants responded between 2-4 years of follow-up and 

45% participants responded between 4-6 years of follow-up. The flowchart presenting the details 

of participant recruitment and retention is outlined in Fig. 1. Among 113 patients, 27 (24%) 

patients reported incident falls (≥1) in the last 6 month period, and 21 (19%) patients reported 

incident OP fractures during 4 year period post-DRF. The most prevalent site of subsequent 

fracture was at the opposite wrist (n=6), humerus/arm (n=3), elbow (n=3), tibia (n=2), same side 

wrist (n=1), scaphoid (n=1), radial head (n=1), hip (n=1), ankle (n=1), foot/heel (n=1), rib (n=1) 

(Fig. 2) Two of the patients reported subsequent fractures at metatarsal and little finger, but 

fracture at these bones were not considered as OP fractures and were not counted. The details on 

the demographics and injury characteristics of patients are given in Table 1. The majority of 
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participants with DRF was females, 50-64 year old, right-hand dominant, retired, non-smokers, 

occasional drinkers, injured their non-dominant hand and had no worker compensation. One-

quarter of our patients had a prior history of multiple falls. 

Univariate Association of modifiable risk factors with subsequent falls and fractures 

Table 2 presents association of the modifiable risk factors with secondary incident falls. 

The bivariate logistic regression analysis suggests that people with poor balance, high scores on 

fracture-specific pain/disability, osteopenia or osteoporosis and prior falls had significantly 

(p<0.05) higher odds of falling (nearly 3 times more likely) in comparison to those with good 

balance, low scores on fracture-specific pain/disability, normal BMD and no prior falls (Table 2). 

Though, not statistically significant at p<0.05, people with physically inactive lifestyles 

(OR=5.6, 95% CI: 0.7 to 44.9) and poor physical HS (OR=6.9; 95% CI: 0.88 to 55.11) had 

clinically significant (medium effect size, OR>3.45) and higher odds for subsequent falls than 

those with an active lifestyle and good physical HS. Similarly, females had clinically significant, 

4.2 times higher odds of subsequent falls than males (Table 2).  

Table 3 presents the associations of modifiable risk factors to secondary incident 

fractures. The univariate logistic regression analysis did not suggest a significant association 

between the modifiable risk factors and subsequent fractures at p<0.05. (Table 3.) Despite 

p<0.25 for both total hip and spinal sites for T scores, we selected T scores TH for multivariate 

analysis to mirror our findings with the predictor of subsequent falls. 

Multivariate association of modifiable risk factors with subsequent falls and fractures 

The results of multivariate logistic regression and related statistics with respect to 

subsequent falls and fractures are presented in Table 4 and Table 5, respectively. The Hosmer-
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Lemeshow goodness of fit test was not significant (p>0.05) for the 3 regression models, 

suggesting good fit of our models to predict subsequent falls and OP fractures. 

Multiple logistic regression model predicting subsequent falls (Table 4): The unadjusted 

multivariate logistic regression analysis indicated fracture-specific pain/disability as an 

independent predictor of subsequent falls in model 1. However, on adjusting for BMD in model 

2 or other non-modifiable risk factors as in model 3, none of the modifiable risk factors stayed as 

a significant independent predictor of subsequent falls. In model 3, the prior history of multiple 

falls (OR=4.1; 95% CI: 1.1 to 15.8) was found to be the independent significant predictor of 

subsequent falls. Though not statistically significant in our small sample, people with poor 

balance were reported to have a 4 times higher odds of falling (OR=4.4; 95% CI: 0.8 to 25.4) 

independent of BMD and other non-modifiable risk factors (Table 4). Furthermore, the OR for 

poor balance suggests a moderate (OR>3.45=medium effect size) clinically significant 

association with subsequent falls. The omnibus test of model coefficient suggests a significant 

(p<0.05) contribution of predictors included in the regression model 1 and 3 for predicting 

subsequent falls. The estimates of -2 log likelihood statistics for model 1 (-2LL=98.8) and 3 (-

2LL=63.6) suggests that the addition of non-modifiable risk factors resulted in the reduction in 

unexplained variance and thus showed their contribution to the model. The results of the 

diagnostic analysis are detailed in Table 4. Despite of IDs with the high leverage and residual for 

model 2, there were no influential IDs (Cooks distance and DF beta were <1) for either of the 

models suggesting near good fit of our models to predict falls for a given sample of patients with 

DRF. 

Multiple logistic regression model predicting subsequent fractures (Table 5): The unadjusted 

(model 1) and adjusted analysis (model 2 and model 3) of modifiable risk factors did not reveal 
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any significant predictor of subsequent fractures. Though not statistically significant, people with 

osteopenia/osteoporosis (low BMD) presented 4 times higher odds of subsequent fractures (OR, 

4.5; 95% CI, 0.7 to 29.3) independent of other non-modifiable risk factors. The OR for low 

BMD suggests moderate (OR>3.45=medium effect size) clinically significant association with 

subsequent fractures.  The omnibus test of model coefficient suggests that explanatory variables 

did not significantly (p<0.05) contribute to the prediction model. However, there was a trend of 

significance for model 1 and 2 at p<0.2. Although our prediction models for subsequent fractures 

were not significant at p<0.05, the estimates of -2 LL statistics for model 1 (-2LL=85.4) and 2 (-

2LL=45.9) suggests that with the addition of BMD in model 2, there was a marked reduction in 

unexplained variability in comparison to that in model 1. This further suggests that BMD carried 

a trend of contribution towards prediction of subsequent fractures. However, the non-modifiable 

risk factors in model 3 did not contribute much to the prediction of subsequent fractures. The 

results of the diagnostic analysis are detailed in Table 5 and suggest the presence of two 

influential cases (ID 3 and 74). 

Probability and discriminative ability of our prediction models 

Table 6 shows the predictive probability and discriminative ability of our prediction 

models to predict subsequent falls and fractures. The model 1, 2 and 3 can predict 64% 

(possibly), 76% (likely) and 90 % (likely) probability of subsequent falls. Fig. 3 shows the ROC 

curve for the prediction model 2 and 3 for predicting subsequent falls, respectively. The AUC for 

prediction model 2 (AUC=0.70) and 3 (AUC=0.79) were within acceptable limits. This indicates 

that using these models 2 and 3, 70% and 79% of people with DRF can be classified correctly for 

prediction of subsequent falls respectively. In comparison, the model 1, 2 and 3 can predict 10% 

(unlikely), 39% (possibly not) and 44% (possibly not) probability of subsequent fractures, 
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respectively. Fig. 4 shows ROC curves for the prediction model 2 and 3 for predicting 

subsequent fractures. The AUC for prediction model 2 (AUC=0.70) and 3 (AUC=0.74) were 

within acceptable limits. This indicates that using these prediction models 2 and 3, 70% and 74% 

of people with DRF can be classified correctly for prediction of subsequent fractures 

respectively. In comparison to the prediction model 2 and 3 with AUC within the acceptable 

limits, the AUC for model 1 exhibited poor discriminative ability to predict subsequent falls and 

fractures. (Table 6) 

Discussion 

In this study, we found that a prior history of multiple falls (OR=4.1, p=0.03) was the 

only risk factor which could independently predict subsequent falls among patients with DRF. 

None of the modifiable risk factors could independently predict subsequent incident falls or 

fractures after DRF. People with poor balance (OR=4.41, p=0.09) and low BMD (OR=2.9, 

p=0.11) showed a trend for higher odds of subsequent falls irrespective of their age, sex and fall 

history. Similarly, people with low BMD (OR=4.51, p=0.11) and prior history of multiple falls 

(OR=3.01, p=0.19) clinically showed higher odds of subsequent fractures. At the 4 year follow-

up, nearly one-quarter (24%) of our patients with DRF experienced subsequent falls during the 

period of the last six months. Our findings were similar to one of the cohort study of 52 patients 

with DRF, 24% of those patients reported two or more new falls over a period of 4 months after 

DRF.[5] Previous studies have shown strong association between falls, fall-related fractures and 

functional decline [78,79]. This suggests a strong need to consider fall-related DRF as an early 

sign to identify the risk factors and implementing interventions to prevent subsequent falls, 

fractures and functional decline after DRF. 
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During the four years of follow-up, about one-fifth (19%, n=21 out of 113) of patients 

with DRF experienced secondary OP fractures. About, 6% of the fractures were at the wrist, and 

13 % were non-wrist OP fractures. In another recent study, 39.7% of subsequent non-wrist 

fractures were reported among patients within 11 years of prior wrist fractures [15]. It was 

interesting to note that the majority (15 out of 21) of secondary OP fractures in our patients with 

DRF were in the bones of the upper extremity. These findings were consistent with a recent 

study which reported the upper extremity as the commonest location of subsequent OP fracture 

at 11 years of wrist fracture [15]. Our findings were, however, contrary to previous studies 

suggesting hip and vertebral fractures as the most prevalent subsequent fracture site after DRF 

[14,80,81]. Studies have shown that many times, vertebral fractures are not visible clinically and 

require radiographic diagnosis[82,83]. There is possibility that self-reporting of subsequent 

fractures might have resulted in missed cases of secondary vertebral fractures in our study. 

We noted that people with poor balance, PRWE scores >81 and those with the osteopenia 

and osteoporosis were at high risk of subsequent falls at four years after DRF. This suggests that 

screening of these modifiable factors can assist clinicians to identify a subgroup of people who 

might be at risk of subsequent falls after DRF. Few studies have shown that multiple risk factor 

targeted intervention strategies including balance training such as Tai Chi, muscle strengthening 

exercises and behavioral instructions can reduce the risk of falling by 10-25% [29,84,85]. We did 

not find any other studies evaluating the role of post-fracture pain on incident falls which limited 

our ability to compare our findings. We believe that high levels of fracture-specific 

pain/disability might limit the ability of a patient to perform all the functional activities of daily 

living or at work. This can result in functional decline which has known to be related with 

falls[78]. Our findings on the significant association between balance and subsequent falls were 
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consistent with few previous studies which have identified impaired balance as a major predictor 

of falls [12,75] among older adults. Our results were contradictory to another study in which 

balance was not significantly associated with falls among patients with DRF [8]. However, the 

author acknowledged that one leg rise test used for balance assessment was difficult to perform 

by their patients with DRF and the only small sample of their patients could complete the 

balance assessment. 

It was interesting to note that our patients with low T scores-TH (osteopenia or 

osteoporosis) had nearly 3 times higher odds of falling than those with normal BMD. We could 

not find any studies evaluating the association of BMD with falls. We believe weakness in bone 

strength could limit its ability to withstand weight distribution under uneven circumstances 

which could make the person prone to falls. Future research on evaluating the role of bone 

strengthening exercises on the risk of falls may validate these findings. In our study, people with 

a physically inactive lifestyle and poor physical HS had nearly 6-7 times higher odds of falling 

than those with a physically active lifestyle and good HS. Although, this was not a statistically 

significant finding at p<0.05, it was noted to be clinically significant and consistent with 

previous studies in which physical inactivity [77,86] and poor HS [87] have been identified with 

an increased risk of falls among seniors. When adjusted for BMD and other non-modifiable risk 

factors, only a prior history of multiple falls was identified as a significant independent predictor 

of subsequent falls. Likewise, longitudinal studies done among elderly have also reported that 

prior history of multiple falls was an independent and significant predictor of subsequent falls 

[22,36,88]. Other than a prior history of multiple falls, we noted a statistically nonsignificant but 

clinically significant association between balance and subsequent falls. This finding was in 

alignment with another study done among older adults [75].  
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In our study, none of the modifiable or non-modifiable risk factors were the significant 

predictor for subsequent fractures. Our findings were contradictory to a study which followed 

healthy PMW over five years and found that prior history of multiple falls (in last 12 months), 

BMD, PA and grip strength were independent predictors of subsequent fractures [37]. However, 

one of the reasons for non-significance of our prediction models for subsequent fractures could 

be because we had a small number of people with subsequent fractures. Nevertheless, we noticed 

that TH-BMD at total hip showed a trend of significant (p=0.08) association with subsequent 

fractures on multivariate analysis. Previously, a few studies have shown that ≥50 year old 

patients with DRF had low BMD and were at elevated risk of 10-year fracture rates [15,89–91]. 

Currently, BMD evaluation is recommended by the International Society for Clinical 

Densitometry (ISCD) for women ≥65 years of age, men ≥70 years of age and high-risk women 

under 65 years of age [92]. Women with low BMD are known to have seven-times and four-

times increased the risk of the proximal humerus and distal forearm fracture respectively [93]. 

Massey et al. showed that younger patients with low BMD are at a higher lifetime risk of 

fractures [90]. Considering that the majority of DRF patients as reported in our study were from 

middle-aged and healthy, we believe early screening for BMD and appropriate treatment can 

have a significant impact on prevention of subsequent fractures in this group of patients. There 

are some studies suggesting that patients with DRF who are older than 50 years should be 

referred for bone densitometry [7,89,90]. One of the surprising findings of our study was that 

non-modifiable factors such as age and sex were not statistically significantly associated with 

subsequent falls or OP fractures. Smee et al. had similar findings in older adults that sex was not 

associated with the fall risk [77]. This was contradictory to many of the previous studies which 
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identified older age [34–37] and female sex [22,39,40] as a significant predictor of subsequent 

falls and fractures among older adults. 

Overall, our probability analysis suggests that modifiable risk factors such as balance, 

fracture-specific pain/disability and BMD together are likely (P=75%) to predict the probability 

of subsequent falls but possibly not (P=39%) the subsequent fractures. The addition of non-

modifiable factors increased the probability of subsequent falls and fractures identification 

indicating the importance of evaluating both modifiable and non-modifiable risk factors to screen 

at-risk people. Furthermore, our prediction model of modifiable risk factors adjusted for BMD 

and non-modifiable risk factors showed acceptable discriminative ability indicating that the 

assessment of these clinical risk factors might help the therapists to correctly identify nearly 70-

75% patients who might be at risk of subsequent falls and fractures after DRF. 

Strength and Limitations 

There were a few limitations in our study. Firstly, we had a relatively small number of 

people who reported subsequent falls and OP fractures. This limited our ability to conduct 

sufficiently powered analysis to identify all significant risk factors for secondary OP fractures. 

Falls are well known to the significant predictor of fractures [37,41,94]. We believe that 

identifying patients at risk of subsequent falls would play an important role in preventing 

subsequent fractures. Future studies might consider a longer follow-up period to determine the 

significant predictors or target multicenter clinical settings so that a large sample could be 

attained to conduct a fully powered analysis. Secondly, although much of our data was collected 

prospectively, our falls and fractures were reported based on recall of past 6 months. There is the 

possibility that retrospective self-reporting of falls might have resulted in recall bias and thus 
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reporting error in our study [95–97]. To lessen recall bias, we asked our participants to inform us 

about the falls in last 6 months instead of over last 4 years. Similarly, we could not confirm self-

reported fractures using radiographs. Moreover, the retrospective self-reporting of falls has been 

previously used in many other studies to report falls [77,98,99] and fractures [37,100–102] as an 

outcome. Also, nearly one-half of our respondents were followed at 2-4 years and another half 

was followed at 4-6 years after DRF. This could have further resulted in underestimation or 

influenced the accuracy regarding the reporting of a number of subsequent falls and OP fractures 

after DRF. For accuracy in reporting, future studies should consider using a weekly or monthly 

reporting for falls and use of medical records for reporting of fractures. 

Thirdly, the response rate to participate in our study conducted at a single center clinical 

setting was nearly 60%. This limits our ability to generalize the findings. However, the response 

rate reported in our study was not uncommon to another similar study [103].  Fourthly, due to 

previously collected baseline data and the small sample, we were not able to control our analysis 

for few other risk factors such as medication intake, hormone replacement therapy, vitamin 

D/calcium intake, family history of falls and fracture, comorbidities, environmental hazards etc. 

which limited our ability to exclude the effect of residual confounding. Nevertheless, we were 

able to conduct our analysis adjusted for BMD and non-modifiable risk factors as proposed in 

the objective. Fifthly, due to the small sample size, we could not include interaction in our 

models.  

Despite these limitations, our study had strengths. It provided prospective evidence for 

assessing baseline balance, fracture-specific pain/disability scores, BMD and prior falls to 

identify the subgroup of individuals who might be at risk of subsequent falls after DRF. We have 

used reliable and valid measures for assessment of measures used in this study. In cases of 
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statistical non-significant findings related to the small sample size, we have discussed clinical 

significance of our results by comparing the OR statistics with respect to the ES. Furthermore, 

our study results provide an important preliminary data on the association of risk factors with 

subsequent falls and fractures which can be used for sample size calculation required to conduct 

fully powered future studies. 

Overall our study findings have clinical implications that support subsequent fall and OP 

fracture prevention among people with DRF. The risk factors such as fracture-specific 

pain/disability, balance, and prior falls can be easily evaluated in physical therapy practice using 

simple measures such as PRWE for pain, Timed Up And Go Test (TUG) for balance and by 

asking a single question on prior history of falls. Both PRWE and TUG test have been found to 

be reliable and valid for assessment of fracture-specific pain/disability and balance among 

patients with DRF [61,62,104]. Our study findings support the recent position statement from 

National Bone Health Alliance working group that patients with DRF should be screened for 

BMD [105]. In future, the prediction models developed to identify patients with DRF who are at 

risk of subsequent falls or fractures require prospective validation on a large sample and cut off 

values for individual modifiable risk factors need to be validated to provide conclusive evidence 

on external validity and feasibility.  

Conclusions 

Based on the data studied in a 4-year prospective cohort study, the prior history of 

multiple falls is an independent predictor of subsequent falls in patients with DRF. Our study 

provided preliminary evidence that the modifiable risk factors such as fracture-specific 

pain/disability, balance, and BMD were associated with the subsequent falls. We suggest that 

modifiable risk factors such as balance, fracture-specific pain/disability, and BMD should be 
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included in the clinical assessment of patients with DRF to identify those who might be at risk of 

subsequent falls and fractures. Future research is needed on a large sample of people with DRF 

to determine modifiable independent predictors of subsequent falls and fractures. 
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Table 1 Demographics and injury characteristics of the participants (n=113) 

Variable N/Percentage of 

Participants 

Mean Age in years 

50-64 year old 

65-80 year old 

*62.5 (SD=7.7) 

69/61.1% 

44/38.9% 

Mean follow-up period 

In months 

In years 

 

*47 (SD=16) 

*4 (SD=1) 

Sex 

Male 

Female 

 

13/11.5% 

100/88.5% 

Prior history of multiple (≥2) falls 

Yes 

No 

 

25/22.7% 

85/77.3% 

Injured hand 

Left 

Right 

 

64/57.2% 

48/42.9% 

Hand dominance 

Left 

Right 

 

10/9% 

101/91% 

Dominant Hand injury 

Yes 

No 

 

29/34.5% 

55/65.5% 

Surgical treatment 

Yes 

 

13/23.6% 
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No 42/76.4% 

Work Status 

Full time regular duties 

Part-time regular duties 

Full time light duties 

Part-time light duties 

Unable to work because of injury 

Unemployed, Inability to find a job 

Home maker 

Retired 

 

16/15.1% 

5/4.7% 

1/0.9% 

5/3.8% 

16/15.1% 

1/0.9% 

3/1.9% 

61/57.5% 

Worker Compensation involved 

No 

Yes 

 

95/93.1% 

7/6.2% 

Highest Education level 

Some grade school 

Finished grade school 

Some high school 

Finished high school 

Some college/technical/diploma program 

Finished college/technical/diploma program 

Some university 

Finished University 

Some graduate work at university 

Finished graduate work at university 

 

2/1.9% 

1/1.0% 

7/6.7% 

17/16.2% 

15/14.3% 

22/21% 

10/9.5% 

17/16.2% 

5/4.4% 

9/8.6% 

Smoker 

Yes 

No 

 

8/7.4% 

65/60.2% 
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* mean, SD standard deviation; FU, follow up 

 

 

 

 

 

 

 

 

 

I quit 35/32.4% 

Alcohol 

Never 

Occasionally 

1-6 drinks/week 

7-14 drinks/week 

15 plus drinks 

 

16/15% 

60/56.1% 

20/18.7% 

10/9.3% 

1/0.9% 

Mechanism of Fracture 

Fall on snow 

During sports 

Other falls 

Other 

 

26/30.6% 

3/3.5% 

46/54.1% 

10/11.8% 

Any falls in last 6 months prior to 4-year FU 

Yes 

No 

 

27/23.9% 

86/76.1% 

Any subsequent fracture after first wrist 

fracture 

Yes 

No 

 

21/18.6% 

92/81.4% 
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Table 2 Univariate association of risk factors with subsequent incident falls: Results from 

logistic regression modelling                                                                                                                                                                                                                                                                                                                                                                                  
 

 

 Univariate association between risk factors and Falls 

Variable n Fallers Non 

Fallers 

P value OR (95% CI) 

Balance-fall risk test 

Average or above 

Worse than average 

 

82 

15 

 

17 

7 

 

65 

8 

 

 

0.04
F
* 

 

reference 

3.3 (1.1, 10.5) 

Physical Activity 

RAPA ≥6 

RAPA <6 

 

16 

88 

 

1 

24 

 

15 

64 

 

 

0.10
F
# 

 

reference 

C
5.6 (0.7, 44.9) 

Fear of falling 

MFES ≥8 

MFES <8 

 

84 

25 

 

20 

6 

 

64 

19 

 

 

0.98 

 

reference 

1.0 (0.3,2.8) 

T score-LS 

-1 and above 

-1.1 and below 

 

44 

39 

 

10 

9 

 

34 

30 

 

 

0.97 

 

reference 

1.0 (0.4, 2.8) 

T score-TH 

-1 and above 

-1.1 and below 

 

38 

42 

 

5 

14 

 

33 

28 

 

 

0.03* 

 

reference 

3.3 (1.1, 10.3) 

Knee extension strength 

≤10% deficit 

>10% deficit 

 

39 

59 

 

9 

14 

 

30 

45 

 

 

0.94 

 

reference 

1.0 (0.4, 2.7) 
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Plantar flexion strength 

≤10% deficit 

>10% deficit 

 

31 

66 

 

10 

13 

 

21 

53 

 

 

0.17 

 

reference 

0.5 (0.2, 1.3) 

Hand Grip strength 

≤25% deficit 

>25% deficit 

 

13 

51 

 

2 

16 

 

11 

35 

 

 

0.32
F
 

 

reference 

2.5 (0.5, 12.7) 

Fracture-specific 

pain/disability 

≤81 points 

>81 points 

 

 

79 

28 

 

 

14 

11 

 

 

65 

17 

 

 

0.02* 

 

 

reference 

3.0 (1.1, 7.8) 

SF-12 Physical 

≥50=good 

<50=poor 

 

19 

86 

 

1 

24 

 

18 

62 

 

 

0.04
F
# 

 

reference 

C
6.9 (0.9, 55.1) 

SF 12 Mental 

≥50=good 

<50=poor 

 

64 

41 

 

12 

13 

 

52 

28 

 

 

0.13 

 

reference 

2.0 (0.8, 4.9) 

Age 

50-64 

65-80 

 

69 

44 

 

18 

9 

 

51 

35 

 

 

0.49 

 

reference 

0.7 (0.3, 1.8) 

Gender 

Males 

Females 

 

13 

100 

 

1 

26 

 

12 

74 

 

 

0.18
F
 

 

reference 

C
4.2 (0.5, 34.0) 

Prior history of 

multiple (≥2) falls 

No 

Yes 

 

85 

25 

 

16 

11 

 

69 

14 

 

 

0.01* 

 

reference 

3.4 (1.3, 8.8) 
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* significant at p<0.05 on Wald test, # significant at p<0.10 on Wald test, 
C
 clinically significant 

with medium effect size of 0.5 (OR>3.45), OR odds ratio, RAPA Rapid Assessment of Physical 

Activity, MFES Modified Fall Efficacy Scale, LS lumbar spine, TH Total Hip, PRWE Patient 

Rated Wrist Evaluation, SF 12 12-item Short Form Health Survey, 
F
 Fisher exact test value 

 

Table 3 Univariate association of risk factors with subsequent incident osteoporotic fractures: 

Results from logistic regression modelling 

 

Variable Univariate association between risk factors and subsequent 

fractures 

n Fracture 

present 

No 

Fracture 

P value OR (95% CI) 

Balance-fall risk test 

Average or above 

Worse than average 

 

82 

15 

 

17 

1 

 

65 

14 

 

 

0.29
F
 

 

reference 

0.3 (0.03, 2.2) 

Physical Activity 

RAPA ≥6 

RAPA <6 

 

16 

88 

 

3 

14 

 

13 

74 

 

 

0.72
F
 

 

reference 

0.8 (0.2, 3.2) 

Fear of falling 

MFES ≥8 

MFES <8 

 

84 

25 

 

16 

4 

 

68 

21 

 

 

0.56
F
 

 

reference 

0.8 (0.2, 2.7) 

T score-LS 

-1 and above 

-1.1 and below 

 

44 

39 

 

3 

8 

 

41 

31 

 

 

0.06# 

 

reference 

C
3.5 (0.9, 14.4) 

T score-TH 

-1 and above 

-1.1 and below 

 

38 

42 

 

2 

8 

 

36 

34 

 

 

0.09F# 

 

reference 

C
4.2 (0.8, 21.3) 

Knee extension strength 

≤10% deficit 

 

39 

 

9 

 

30 

 

 

 

reference 
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>10% deficit 59 9 50 0.33 0.6 (0.2, 1.7) 

Plantar flexion strength 

≤10% deficit 

>10% deficit 

 

31 

66 

 

7 

11 

 

24 

55 

 

 

0.48 

 

reference 

0.7 (0.2, 1.9) 

Hand Grip strength 

≤25% deficit 

>25% deficit 

 

13 

51 

 

2 

10 

 

11 

41 

 

 

1.00
F
 

 

reference 

1.3 (0.2, 7.0) 

Fracture-specific 

pain/disability 

PRWE ≤81 points 

PRWE >81 points 

 

79 

28 

 

12 

7 

 

67 

21 

 

 

0.26
F
 

 

reference 

1.9 (0.6, 5.3) 

SF-12 Physical 

≥50=good 

<50=poor 

 

19 

86 

 

3 

15 

 

16 

71 

 

 

1.00
F
 

 

reference 

1.1 (0.3, 4.4) 

SF 12 Mental 

≥50=good 

<50=poor 

 

64 

41 

 

13 

5 

 

51 

36 

 

 

0.28 

 

reference 

0.4 (0.1, 1.3) 

Age 

50-64 

65-80 

 

69 

44 

 

14 

7 

 

55 

37 

 

 

0.56 

 

reference 

0.7 (0.3, 2.0) 

Gender 

Males 

Females 

 

13 

100 

 

1 

20 

 

12 

80 

 

 

0.46
F
 

 

reference 

3.0 (0.4, 24.4) 

Prior history of multiple 

(≥2) falls 

No 

Yes 

 

85 

25 

 

14 

7 

 

71 

18 

 

 

0.24
F
 

 

reference 

1.9 (0.7, 5.6) 
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* significant at p<0.10 on Wald test, # significant at p<0.10, 
C
 clinically significant with medium 

effect size of 0.5 (OR>3.45), OR odds ratio, RAPA Rapid Assessment of Physical Activity, 

MFES Modified Fall Efficacy Scale, LS lumbar spine, TH total hip, PRWE Patient Rated Wrist 

Evaluation, SF 12 12-item Short Form Health Survey, 
F
 Fisher exact test value 

 

Table 4 Multivariate logistic regression model of risk factors for subsequent falls among patients 

with distal radius fracture 

 

 Model 1 (N=94) Model 2 (N=70) Model 3 (N=69) 

Unadjusted analysis
 

                                                 

Constant= -1.60 

Adjusted for bone mass
 

                                                      

Constant= -2.25 

Adjusted for non-modifiable risk 

factors
 

Constant = -22.15 

Variable Beta OR                   

(95% CI) 

P value Beta OR                         

(95% CI) 

P value Beta OR                      

(95% CI) 

P value 

Balance-FRT 

Worse than 

average 

1.1 3.0 

(0.9,9.8) 

0.06# 1.2 3.5
C
 

(0.75, 16.13) 

0.11 1.5 4.4
C
 

(0.8, 25.4) 

0.09# 

PRWE 

>81 points 

1.1 2.9 

(1.1,8.4) 

0.03* 0.9 2.5 

(0.70, 8.79) 

0.15 0.5 1.6 

(0.4, 6.3) 

0.51 

T score TH
 

-1.1 and 

below 

   1.2 3.5
C
 

(0.99, 12.10) 

0.05# 1.0 2.9 

(0.8, 10.6) 

0.11 

Age
 

65-80 year 

      0.1 1.1 

(0.3, 3.9) 

0.89 

Gender
 

Female 

      19.8 4138E8 

(NA) 

0.99 

History of 

multiple (≥2) 

falls 

Yes
 

      1.4 4.1
C
 

(1.1,15.8) 

0.03* 

Diagnostic 

testing 

No outliers or influential Ids standardized residual of > 3 SD: 

ID3, ID32, ID59 

No outliers or influential Ids 
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High leverage: ID36 and ID67 

-2 LL 98.8 72.3 63.6 

OTMC p=0.02 (df=2) p=0.06 (df=3) p=0.02 (df=6) 

* significant at p<0.05, # significant at p<0.10, 
C
 clinically significant with medium effect size of 

0.5 (OR>3.45), FRT Fall Risk Test, PRWE Patient Rated Wrist Evaluation, TH Total Hip, LL 

Log Likelihood, OTMC Omnibus Test of Model Coefficient, df degree of freedom 

 

 

Table 5 Multivariate logistic regression model of risk factors for subsequent fractures among 

patients with distal radius fracture 

 

 Model 1 (N=94) Model 2 (N=70) Model 3 (N=69) 

Unadjusted analysis
 

Constant = -1.57
 

Adjusted for bone mass
 

Constant = -3.22 

Adjusted for non-modifiable 

risk factors
 

Constant= -2.35 

Variable Beta OR                  

(95% CI) 

P value Beta OR                    

(95% CI) 

P value Beta OR                  

(95% CI) 

P value 

Balance-FRT        

Worse than 

average 

-1.4 0.2                 

(0.03, 2.1) 

0.20 0.10 1.1                 

(0.1, 10.9) 

0.92 0.001 1.001 

(0.1,10.1) 

0.99 

PRWE                    

>81 points 

0.7 2.11    

(0.7,6.7) 

0.20 1.32 3.7
 # C

                     

(0.8, 17.2) 

0.09 1.03 2.8                       

(0.5, 14.8) 

0.22 

T score TH
 
                    

-1.1 and 

below
 

   1.35 3.9
 C

                

(0.7, 21.6) 

0.12 1.5 4.5
 C

                       

(0.7, 29.2) 

0.11 

Age
 
                             

65-80 year
 

      -0.3 0.70                           

(0.1, 3.7) 

0.70 

Gender
 
    

Female
 

      -1.2 0.3                

(0.02, 3.9) 

0.36 

History of 

multiple (≥2) 

falls          

Yes 

      1.1 3.01                        

(0.6, 15.9) 

0.19 

Diagnostic 

testing 

standardized residual of > 3 

SD: ID 74                                            

High leverage: ID 10, 13, 20, 

36                                                      

standardized residual of > 3 SD: 

ID 3, 74                                                       

High leverage: ID 36, 67                            

standardized residual of > 3 SD: 

ID 3, 8, 74                                                                   

Cook’s distance >1: ID 3, 74 
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Cook’s distance >1: ID 74 Cook’s distance >1: ID 74  

-2 LL 85.4 48.5 45.9 

OTMC p=0.17 (df=2) p=0.15 (df=3) p=0.28 (df=6) 

# significant at p<0.10, 
C
 clinically significant with medium effect size of 0.5 (OR>3.45), FRT 

Fall Risk Test, PRWE Patient Rated Wrist Evaluation, TH Total Hip, LL Log Likelihood, OTMC 

Omnibus Test of Model Coefficient, df degree of freedom 

 

Table 6 Probability and discriminative ability of our prediction model 

 

Parameter Model 1 (N=94) 

Unadjusted analysis 

Model 2 (N=70) 

Adjusted for bone mass 

Model 3 (N=69) 

Adjusted for non-

modifiable risk factors 

Model contribution for prediction of subsequent falls 

Predicted 

probability 

64.28% 75.96% 89.94% 

Area under 

ROC Curve 

0.65 (95% CI: 0.51, 0.78) 0.70 (95% CI: 0.55, 0.84) 0.79 (95% CI: 0.67, 0.90) 

 Model contribution for prediction of subsequent fractures 

Predicted 

probability 

9.9% 39.02% 44.4% 

Area under 

ROC Curve 

0.63 (95% CI: 0.48, 0.78) 0.70 (95% CI: 0.50, 0.90) 0.74 (95% CI: 0.57, 0.91) 

Model 1 PRWE and Balance-fall risk test as predictors, Model 2 PRWE, Balance-fall risk test, T-

score at total hip as predictors, Model 3 PRWE, Balance-fall risk, T-score at total hip, age, 

gender and prior history of multiple (≥2) falls, ROC Receiver-Operator Characteristic (ROC) 

curve 
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Fig. 1 Flowchart of patient recruitment and retention 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

191 Patients were invited to participate (by mail) 

Included (113) 

 

78 Patients did not respond to mailed package 

and could not participate on phone call 

invitation 

Didn’t pick the 

phone call 

(n=36) 

Phone call 

didn’t go 

through (n=23) 

Refused to participate 

(n=15) 

Reasons: time 

constraint, 

comorbidities, other 

commitments, 

secondary fracture, 

visceral surgery, 

privacy issues 

 

                       

 

Expired                

(n=4) 

Responded to 

mailed 

questionnaire 

(n=92)  

Responded on 

phone invitation 

(n=21) 
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Fig. 2 Description of site of subsequent osteoporotic fracture 
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Fig. 3 ROC curve for prediction model 2 and 3 to predict subsequent incident falls in patients with distal radius fracture 

 

 
Model 2 PRWE, Balance-fall risk, T-score TH as predictors, Model 3 PRWE, Balance-fall risk, T-score TH, age, gender and prior 

history of multiple (≥2) falls, ROC Receiver-Operator Characteristic (ROC) curve 
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Fig. 4 ROC curve for prediction model 2 and 3 to predict subsequent incident osteoporotic fractures in patients with distal radius 

fracture 

 

 

 

Model 2 PRWE, Balance-fall risk, T-score TH as predictors, Model 3 PRWE, Balance-fall risk, T-score TH, age, gender and prior 

history of multiple (≥2) falls, ROC Receiver-Operator Characteristic (ROC) curve
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CHAPTER 5. 

DISCUSSION AND CONCLUSIONS 

 

This chapter provides an overview of the content covered in the thesis and the main 

findings from each manuscript presented in this thesis. The specific contribution of individual 

study findings has been described within the manuscript chapters. In this section, the overall 

thesis contribution to the existing literature and clinical practice is discussed along with the 

potential limitations and future research recommendations. 

Contextual Overview 

Hip and vertebral fractures have gained marked attention for secondary fall and 

osteoporotic (OP) fracture prevention. However, this unique opportunity has not received 

priority and is noticeably missed for patients with distal radius fracture (DRF). Often, the 

underlying mechanism of DRF in healthy older adults is related to falls rather than osteoporosis, 

and the focus of assessment and treatment is primarily limited to recovery in wrist hand pain, 

grip strength, and hand function. There is substantial evidence stating that a history of a fall is a 

strong predictor of secondary falls
1–3

 and OP fracture
4–6

. Furthermore, there are reliable and valid 

measures which can be used to assess secondary fall and osteoporotic fracture risk in DRF 

population.
7,8

 Despite this, the majority of the patients with fall-related DRF are not assessed for 

fall risk factors or OP fracture risk.
9–12

 This evidence to practice gap in the context of subsequent 

fall and osteoporotic fracture prevention in the rehabilitation of patients with a DRF formed the 

basis of this thesis. 

In recent decades, research has focused towards a holistic assessment and treatment 

approach for rehabilitation of patients with DRF.
13–15

 This includes early identification of 
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clinical, fall-related risk factors such as postural balance, muscle strength, physical activity (PA), 

fear of falling (FOF), health status (HS) and subsequent OP fracture risk assessment such as use 

of fracture risk assessment tool, Canadian Association of Radiologists and Osteoporosis Canada 

Risk Assessment tool and referral for bone mineral density (BMD) assessment.
8,14,16–23

 Due to a 

lack of objective data, the extent to which clinical risk factors play a role in predicting 

subsequent falls and fractures in people with wrist fracture is still a mystery. This thesis provides 

a first attempt for in-depth insight to explore this mystery. 

It is well recognized that patients with a fall-related DRF are often paradoxically healthy 

adults with silent osteoporosis. Yet, low trauma fractures in this patient group have not gained 

serious attention for a call to action as is the case with other OP fractures. Also, not all patients 

with DRF will suffer subsequent falls and OP fractures. So, we needed a greater depth of 

understanding and knowledge on the role of individual risk factors which can be reliably used to 

identify those patients who are at risk of subsequent falls and OP fractures. Furthermore, we 

were interested in exploring the role of modifiable risk factors, independent of non-modifiable 

risk factors, so that therapists can have an opportunity to intervene for subsequent fall and 

fracture prevention during the rehabilitation of patients with DRF. 

Overall, this thesis provides therapists with contextual objective/quantitative data which 

would facilitate their understanding in the following areas during rehabilitation of patients with 

DRF: i. Changes which can normally be expected in wrist hand pain, PA, FOF, HS and BMD 

over the course of four years after DRF ii. The extent to which modifiable risk factors are 

associated with bone mineral density (BMD) at baseline and iii. The role of modifiable risk 

factors to predict subsequent falls and OP fractures at 4-years after DRF. 
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Overall summary of thesis results 

The results presented in this thesis were derived from a prospective cohort of 191 patients 

who were followed over 4-years after the first episode of DRF. 

The first manuscript (chapter 2) was a descriptive study and has provided longitudinal 

characteristics of recovery patterns in modifiable risk factors among patients with DRF over a 

follow-up period of 6 months (6m) and 4 years (4y). Our results demonstrated that patients with 

DRF showed both short-term (6m) and long-term (4y) improvement in wrist hand pain, PA, 

FOF, bone mass and general health status; the majority of the recovery is achieved at six months 

after DRF. We further compared the recovery patterns by stratifying the sample on gender, age, 

incidence of subsequent falls or OP fractures. When stratified, there were no significant 

differences in wrist hand pain/disability, PA, FOF, and bone mass at baseline, six months and 4 

years after DRF. Patients with subsequent falls and fractures after DRF had significantly lower 

scores on physical component of HS. Patients with subsequent falls and those in the 50-64 year 

old age group reported significantly lower scores on the mental component of HS. 

The second manuscript (chapter 3) presented cross-sectional relationships and the 

contribution of modifiable risk factors such as postural balance, muscle strength, PA and FOF to 

BMD. We found that postural balance, hand grip strength, and lower extremity muscle strength 

were correlated with BMD. In the whole study sample, hand grip strength was identified as an 

independent predictor of BMD explaining 17% and 12% of total variability in BMD at the 

femoral neck and total hip, respectively. However, among age-stratified women with DRF, 

balance and hand grip strength were identified as independent determinants of BMD explaining 

10% and 32% of total variability in BMD-FN among 50-64 year and 65-80 year old, 

respectively. 
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The third manuscript (chapter 4) explored the role of various modifiable risk factors such 

as postural balance, muscle strength, PA, FOF, HS and BMD in predicting subsequent falls and 

OP fractures at four years after DRF. Our study results revealed that nearly 24% of our patients 

reported one or more subsequent falls (in last six months) and 19% of patients reported at least 

one subsequent OP fracture after DRF. The patients with poor balance (compared to age-

matched normal adult), low BMD (clinically diagnosed as osteopenia and osteoporosis), 

fracture-related pain/disability scores of >81 points on patient rated wrist evaluation (PRWE) 

questionnaire and presence of prior history of multiple falls (≥2) had three times higher odds of 

subsequent falls. When adjusted for BMD and other non-modifiable risk factors such as age and 

gender, only prior history of multiple falls (≥2) was identified as a significant independent 

predictor of subsequent falls. We were not fully powered to explore association of various 

modifiable and non-modifiable risk factors with subsequent fractures. However, we found that 

patients with osteopenia or osteoporosis showed a trend of association (OR= 4.51, 95% CI=0.69, 

29.28, p=0.11) with subsequent OP fractures. Furthermore, we have determined that using our 

prediction models, the probability of subsequent falls and OP fractures ranged from 64% to 90% 

and 10% to 44% respectively. Our prediction model, consisting of modifiable risk factors such as 

postural balance, fracture related pain/disability and BMD, showed acceptable (area under 

curve=0.70) predictive ability to identify patients who might be at risk of subsequent falls and 

OP fractures. 

Contribution of the thesis to the literature and clinical practice 

The three manuscripts included in this thesis provide deeper insight on the role of 

individual modifiable risk factors which can be used to identify patients who might be at risk of 

poor BMD, subsequent falls and OP fractures at four years after DRF.  Furthermore, results 
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presented in this thesis provided novel quantitative data which can convince therapists’ to 

implement subsequent fall and osteoporotic fracture prevention in the rehabilitation of patients 

with DRF. Yet, the identification of various modifiable and non-modifiable risk factors 

responsible for subsequent falls and OP fractures have gained substantial attention for patients 

with hip fractures
24–26

 but not for patients with DRF. 

Indeed, our thesis work builds on previous literature and has several implications for 

clinical practice.  Previous studies have discussed the importance of evaluating subsequent fall 

and osteoporotic fracture risk factors such as postural balance
20,22

, PA
20,23

, muscle strength
19,20,27

, 

HS
28

 or BMD
19,21

 in patients with DRF. However, most of the research done on modifiable risk 

factors is either cross-sectional
22,23

 or limited to short-term follow-up such as at 6 months to one 

year of follow-up.
20

 The strengths of this thesis work is the long-term prospective cohort design 

in which patients were followed up at 6 months and 4 years (manuscript 1 and 3), age and gender 

stratified analysis (manuscript 1 and 2) and use of reliable and valid standardized self-reported 

measures (all manuscripts) to evaluate variety of important outcomes related to various 

modifiable fall and osteoporotic fracture risk factors in a single dataset of patients with DRF.  

This thesis has provided therapists with the concrete quantitative data on both short-term 

and long-term changes in various fall and OP fracture risk factors. (Chapter 2, Manuscript 1) The 

majority of the change in the fall and OP fracture risk factor was seen during the initial six 

months; this must encourage therapists to evaluate fall and OP risk factors early in the phase of 

rehabilitation so that those at risk can be identified and timely intervention can be implemented. 

This data can be used as a benchmark by clinicians as the scores (for various risk factors) of any 

particular patient with DRF can be compared to these average scores to determine if the patient 

scores are following the anticipated recovery pattern or whether patient is at risk of subsequent 
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fall or fracture. There are reviews supporting the knowledge creation of evidence-based reliable 

and valid screening tools,
8,14

 clinical decision tools
7
 for fall and fracture risk assessment and 

high-quality trials
29–33

 on subsequent fall and osteoporotic fracture prevention strategies specific 

to patients with DRF. However, therapists have not consistently demonstrated their active roles 

and motivation to use these screening tools and interventions for subsequent fall and osteoporotic 

fracture prevention in clinical practice.
34,35

 This could be because despite the use of reliable and 

valid screening tools, there are few research studies supporting the clear evidence on the role of 

various modifiable and non-modifiable risk factors in predicting BMD, subsequent falls and OP 

fractures among DRF population. In chapter 3 (Manuscript 2) of our thesis, we have addressed a 

novel issue on association of modifiable risk factor with BMD in DRF population and provided 

cross-sectional objective evidence on the contribution of modifiable risk factors to BMD in age 

and gender stratified sample. To explore the role of modifiable risk factors in subsequent falls 

and OP fractures after DRF, we prospectively followed our patients with DRF over four years 

(Chapter 4, Manuscript 3) and found that nearly 24% had subsequent falls and about 19% had 

subsequent clinical fractures. At baseline, nearly 50% of our sample had BMD-T scores of -1.1 

and below suggesting osteopenia or osteoporosis. In this chapter, we have provided preliminary 

quantitative evidence on the extent to which each modifiable risk factor can alone or in 

combination with non-modifiable risk factor can predict subsequent falls and OP fractures.  

In all 3 chapters of this thesis, we have directed the focus of therapists’ attention towards 

modifiable risk factors for subsequent fall and osteoporotic fracture prevention which can be 

assessed and managed within the scope of routine physical therapy practice during rehabilitation 

of people with DRF. Given this concrete evidence, we expect that therapists might now be 

convinced to screen their patients with DRF to identify those subgroups who might be at risk of 
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subsequent falls/OP fractures and can be benefited with risk reduction strategies or referral for 

detailed bone health assessment including BMD. Unlike patients with hip and vertebral fracture 

who present with significant disability post fracture, patients with DRF are often healthy, 

offering a unique reasonable opportunity to conduct an assessment of postural balance, muscle 

strength, PA, FOF, HS, and BMD, early in the phase of rehabilitation. 

In North America, falls are the most common cause of hospital admission and have 

resulted in a direct medical cost of about $ 30 billion annually.
22,36

 Furthermore, DRF are the 

most common fall-related OP fractures which are well recognized to be sentinel events, 

increasing the risk of subsequent hip and vertebral fractures by 2 to 5 times.
37–39

 Given that we 

have high quality evidence from Cochrane systematic review suggesting the effectiveness of 

various exercise programs including combining balance, muscle strengthening and physical 

activity or tai chi programs,
40–43

 it is crucial that patients with DRF be identified for subsequent 

fall and osteoporotic fracture risk early in the rehabilitation phase so that intervention can be 

started on a timely basis. 

The 2009 position statement from American Academy of Orthopedic Surgeons (AAOS) 

encourages orthopedic surgeons to “Advise patients with fragility fractures that an osteoporosis 

evaluation may lead to treatment which can reduce the risk of future fractures.”
44

 However, 

currently, clinical practice guidelines on the treatment of DRF from AAOS
45

 have not stated 

conclusive recommendation to implement subsequent fall and osteoporotic fracture prevention 

(SFOFP) in routine clinical practice for treating patients with DRF. Similar findings have been 

mirrored in our recent survey of therapists’ clinical practice patterns in SFOFP for patients with 

DRF.
35

 The findings suggested that majority of therapists believed that they had the knowledge 
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and considered the evaluation of subsequent falls/OP fracture risk factors as their responsibility 

but often did not conduct the screening in their routine clinical practice. 

Overall, our thesis work was the first of its kind to provide the causal relationship 

between modifiable risk factors and subsequent falls/OP fractures among DRF population. Our 

work builds on the previous research done by Mehta et al.
13

 and Nordvall et al.
18

 and has taken 

an important step in establishing predictive ability of various subsequent fall and osteoporotic 

fracture risk factors to predict BMD, subsequent falls/OP fractures in patients with DRF. 

Furthermore, the study finding from our thesis work support the opinion of various other 

authors,
22,23,39,46,47

 that patients aged 50 years or older presenting with a history of fragility 

fracture such as DRF must be evaluated for subsequent fall and osteoporotic fracture risk and 

referred for detailed bone health assessment including BMD testing. Our work is also in favor of 

recent position statement from the National Bone Health Alliance working group that patients 

with DRF should be screened for BMD.
48

 If our preliminary study findings can be replicated in a 

large fully powered multicenter sample of men and women with DRF, this might inform changes 

in legislation and policy frameworks that can encourage early implementation and referral for 

subsequent fall and osteoporotic fracture prevention in rehabilitation of patients with DRF. 

Limitations 

The limitations specific to individual studies have been discussed in each of the 

manuscript chapters. In this section, we describe the overall methodological limitation of our 

thesis work. One of the major limitations was the small percentage of the people who 

experienced subsequent falls and OP fractures at four-year follow-up. This limited our ability to 

conduct a fully powered analysis needed to provide the conclusive evidence on the issues 

discussed in this thesis. Also, our study was a single center based which further limited the 
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sample size as well as the generalizability of our study findings. Another limitation in our overall 

thesis was the retrospective self-reporting of falls and OP fractures which might have resulted in 

recall bias, underestimation of falls and thus reporting error in our study findings. Nevertheless, 

the self-reporting of falls in the past one year or six months was also previously used in many 

other studies to report falls
49–51

 and fractures
5,52,53

 as an outcome. In further work, these 

limitations can be overcome by either collecting a large sample of patients with DRF which can 

be possible by targeting multi-center clinical settings or by conducting follow-up at a period 

longer than four years. Both the response rate and accuracy/validity of self-reporting can be 

improved by using a weekly or monthly reporting for falls and use of medical records for 

reporting of fractures. 

Future Recommendation 

The recommendations for future research have been noted in the individual manuscripts. 

In this section, we mention a few general but important research directions which can be 

undertaken to promote future research in the areas of knowledge creation, implementation, and 

translation. Firstly, future prospective studies are needed in a large sample of men and women to 

establish a causal relationship between modifiable risk factors and BMD. This will also guide the 

next step to conduct the future intervention trials to determine if a change in modifiable risk 

factors can improve the BMD in patients with DRF. Secondly, future researchers must replicate 

these findings in a large prospective sample of age and sex-stratified patients with DRF in a 

multicenter study to provide conclusive evidence on external validity and feasibility of these 

findings. Thirdly, considering that not all people with DRF present with subsequent fall and 

osteoporotic fractures. Thus, future prospective research must be targeted in a fully powered 

sample to establish validity of cut off scores for individual modifiable risk factors to identify 
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patients who might be at risk of poor bone health, subsequent falls and fractures. Fourthly, it 

might also be interesting to conduct a mixed-method research study in which patient perspectives 

on subsequent falls, and osteoporotic fracture prevention can be evaluated to determine if we 

patient education program and community partnerships are needed to promote patient awareness 

and knowledge on this important issue raised in this thesis work. Lastly, another potential and 

important avenue for future long-term research could be to examine if assessing and intervening 

the modifiable risk factors discussed can reduce the risk of subsequent falls/OP fractures in at 

risk DRF population and whether it has any impact on the overall socio-economic burden. 

Conclusions 

This thesis work has established novel evidence on recovery patterns in modifiable risk 

factors and predictive ability of individual modifiable risk factors which can be used to identify 

patients with DRF who are at risk of low BMD, subsequent falls and OP fractures. Moreover, the 

modifiable risk factors discussed in this thesis can be targeted in routine physical therapy 

assessment and thus those patients who are at risk can be considered for intervention or referred 

for detailed bone health assessment including BMD testing or community-based fall and 

osteoporotic fracture prevention programs. Though our findings were not fully powered in this 

thesis work, we have provided preliminary objective evidence which has deepened our 

understanding on the specific risk factors which must be evaluated to promote the 

implementation of subsequent fall and osteoporotic fracture prevention in patients with DRF. 

Furthermore, the knowledge creation done in this thesis work guides the future steps and 

methodological design which must be undertaken to translate conclusive research in this area. 
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                                Covering letter 

 

Hand and Upper Limb Centre 

Clinical Research Laboratory 

St. Joseph's Health Centre 

P.O. Box 5777 

London, Ontario, Canada 

N6A 4L6 

Tel: (519) 646-6100 ext 64875 

Fax : (519) 646-6049 

Dated:            July 16, 2015 

TO:   

FROM: Neha Dewan, PhD Candidate 

RE:  Distal Radius fracture Research 

_____________________________________________________________                                        

Dear XYZ 

I am a graduate student writing to you with regard to the wrist-fracture study in which 

you have participated earlier. Your time and willingness to participate in that research study was 

highly appreciated by us. We are currently conducting a 3 year follow-up of all our participants 

and would like to know whether you would be interested to participate. We would like to follow-

up with you to know your current health status. Please find enclosed questionnaires for the 

current study. I would really appreciate and be greatly thankful if you can complete the enclosed 

questionnaires and mail them back along with the signed consent form within 3 weeks in the 

postage-paid envelope provided. 

 

Additionally, you will receive a phone call in the next few weeks to schedule a lab visit 

for your bone mineral density (BMD/bone scan) at the Hand and Upper Limb Centre (HULC). 

You can always decline to participate in a lab visit at HULC, but can still fill and mail the 

questionnaires enclosed herewith. 

 

Your participation will not only help our research cause, but will also help you to notice 

any functional improvement while completing the questionnaires and BMD test reports given at 

HULC will help you know if your bone health is well maintained after an episode of wrist 

fracture 

  

If you have any questions, please do not hesitate to call me at +1 2896983281 (anytime between 

8:00am-8:00pm, at your convenience).  Thank you very much for your dedication to the study.  

 

Best Regards 

 

Neha Dewan, PhD Candidate 
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Patient Information Sheet and Consent Form 

 

Project Title: Role of modifiable clinical risk factors on future falls/fractures, bone mass and 

quality of life after distal radius fracture: 3-year prospective cohort study 

 

Investigators: Dr. Joy MacDermid, PhD (Principal Investigator, HULC) 

 

Co-investigator:      Dr.  Ruby Grewal, MD (Co-Investigator) 

                                  Neha Dewan MPT (Graduate Student)  

            Dr. Norma MacIntyre, PhD(Co-Investigator) 

                                               

What is the purpose? 

You are being invited to participate in a research study conducted on patients with distal radius 

fracture (DRF) at the Hand and Upper limb Centre (HULC). In North America, DRF are so 

commonly seen injuries. DRF often happens after a fall from a standing height and are often not 

serious injuries but do indicate a higher risk for future fractures including more serious ones such 

as hip fractures. After a DRF, people may change their activity and develop muscle weakness, 

balance problems, and fear of falling. This can lead to bone loss, higher risk of falls, future 

fractures, other health problems and loss of quality of life. 

This study will determine the risk factors which can be used to identify who is most likely to 

have problems with falls, fractures, low bone mass and poor quality of life at 3 years after their 

first DRF. 

 

In order to decide whether or not you want to be a part of this research study, you should 

understand what is involved. This letter of information gives you detailed information about the 

research study.  

 

Study procedures 

If you decide to be part of the study, you will be asked to answer some questions over the phone, 

and make a visit to the Hand and Upper limb center (HULC) for bone mineral density (BMD) 

testing. Your lab visits will be scheduled at a later date but within next 2 months after the phone 

interview.  

 

Note: We will attempt to schedule your phone interview and lab visits on a day and time of our 

mutual convenience. You can decline to participate in a lab visit, but still do the phone interview. 

 

Phone interview at 3 year follow-up will take about 15-20 minutes of your time. We will be 

contacting you to:  

 Find out if you had any “new” falls, fracture or hospitalization since your last one. You will 

receive two additional similar phone calls. These two additional calls will last for about 3-4 

minutes to ask you about any new injuries.  

 We will ask you about your injury, physical activity, fear of falling, confidence, and general 

health. For your convenience, we can also mail you questionnaires, before the phone 

interview. 

 We will ask your views about your opinion on fall/fracture prevention for patient with similar 

fracture like yours. 
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Lab Visit at HULC 

Bone density testing is the one of the accurate method available for the diagnosis of osteoporosis. 

This assessment is a simple, painless, quick (5-10 min) and non-invasive procedure which will 

be done using dual-energy x-ray absorptiometry (DEXA) scan by highly skilled health 

professional at HULC. If you recently had this testing done, please inform us and we will request 

the result (with your permission) from your family doctor’s office.  

 

Voluntary Participation 
Your participation in this study is voluntary.  

 

Withdrawal from Study 

You may refuse to answer any questions or withdraw from the study at any time with no effect 

on your future quality of care. You will receive a copy of the letter of information and consent 

form for your records.  You do not waive any of your legal rights by signing the consent form. 
 
Potential risk or discomforts associated with this study 
There are no known risks associated with the study. However, you may feel a little tired or might 

find some questions uncomfortable to answer on a phone interview. You do not need to answer 

questions that make you feel uncomfortable or that you do not want to answer.  

The risks involved in participating in the lab visit for bone mineral density testing are minimal. 

The Bone Density test involves a dual energy x-ray absorptiometry (DEXA) scan. DEXA scans 

use high- and low-energy x-ray beams to measure the calcium content in bone (less than the 

radiation received with the chest x-ray). The amount of radiation that you will be exposed to 

during the scan (0.5-6.0 μSv) is approximately equal to the amount of radiation acquired over 

one day from natural sources of background radiation if you were walking outside for a day. This 

amount of radiation is considered to be a negligible individual dose by the National Council on 

Radiation Protection and Measurements (NCRP), thus the risks are considered to be minimal. 

There are certain individuals who should not have DEXA scan done such as if there is possibility 

of pregnancy. To ensure that it is safe for you to have a DEXA scan, you will complete a brief 

questionnaire with me on a 2 minutes of phone conversation prior to the scheduling the date of 

scan. There is always a slight chance of cancer from excessive exposure to radiation. Although 

the risk of cancer increases with exposure to x-rays, this is less likely to occur in an older person 

because of the length of time required for radiation to exert the effect after the “natural 

radiation.” 

Potential benefits of participating in this study 

You may not personally benefit from participation in this study. However, the results from the 

study will provide a better understanding about the risk to the physical therapists and hand 

therapists. We hope that the results from our study will result in developing better preventive 

strategies against secondary falls, fractures and poor bone health in patients with distal radius 

fracture.   

 

 

How many people will be in this study 

 

There will be 193 local participants in this study.   
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Other than Phone interview and lab visit 
No additional testing for research purposes other than that stated above will be performed.  
 
Will your results be kept confidential? 

The overall results of the study will be available to you upon request. Your individual 
results will be held in strict confidence.  No person, other than the study team will have access to 
your study related records without your permission.  Your data will have no personal identifiers. 
Information (your age, gender weight, height) kept on a password protected hospital computer.   
Information collected during the study may be presented to other doctors in a presentation or 
paper. Your results would be part of a group of de-identified data, and would not identify you in 
any way.  Representatives of The University of Western Ontario Health Sciences Research 
Ethics Board may contact you or require access to your study-related records to monitor the 
conduct of the research. 
 

Compensation 

There is no monetary reimbursement for participating in this study.  If needed, we can arrange to 

provide parking passes on the day of lab visit. 

 
Whom may you contact to find out more about this study? 
You will be given a copy of this letter and the signed consent form. Now or later, If you have any 
questions about this study or would like more information, you can contact: 
 
Neha Dewan, IAHS 402, School of Rehabilitation Sciences,  
1400, Main street west, McMaster University, Hamilton, ON L8S 1C7 
Email: dewann@mcmaster.ca 

Tel: +1 2896983281, 905-5259140 x 26410  

 

Or  
 
Dr. Joy MacDermid, Principal Investigator, can be contacted at 519-646-6000 ext 64636 
 
Dr. Ruby Grewal, co-investigator at 519-646-6286, at the Hand and Upper Limb Centre, St. 
Joseph's Health Centre, Suite D0-209, 268 Grosvenor Street, London, Ontario, N6A 4L6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:dewann@mcmaster.ca
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CONSENT to participate in the study: 

  

Role of modifiable clinical risk factors on future falls/fractures, bone mass and quality of life 

after distal radius fracture: 3-year prospective cohort study 

 

 

Written consent 

 

 

I have read the letter of information, have had the nature of the study explained to me and I agree 

to participate. All questions have been answered to my satisfaction 

 

 

 

             

Signature of Participant  Print Name    Date 

 

 

 

 

             

Signature of person   Print Name of person   Date 

Obtaining consent   obtaining consent    
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Telephone Script for Recruitment 

 

Hi, {XYZ} this is Neha, calling from the office of Hand and Upper limb center.  

May I please speak with {XYZ}.  

 

*If the potential participant is not home ask if there is a better time to call.  

* Voice Message: Hi, This is Neha, calling from the office of Hand and Upper limb center. If you 

get time, kindly call me back at 2896983281 at your convenience.  

Do not leave a message as it may be a confidential matter you are calling about that may not be 

apparent to you 

*If they are at home, continue with the conversation* 

 

I am calling you today as you have previously participated in a wrist fracture study. We really 

appreciated your time and willingness for your participation.  

I would like to talk to you in regard to the DRF study which would take 8-10 minutes of your 

time and wondering if it is the good time for you to receive my call. 

Yes, 

Continue ahead 

No 

Is there any convenient date and time in this 

week or next, you would like me to call you 

back 

 

Ok…now I will brief you about this study.  

Research studies have reported that patients with DRF are often at risk of future falls, fractures 

or low bone mass. We are currently conducting a 2-5 year follow-up of all our participants to 

know their current health status and to understand if there are any factors which may be 

associated with the risk of future falls, fracture and low bone mass in patients with DRF. The 

study is being conducted by me under supervision of my PhD supervisor, Dr. Joy MacDermid 

who is a co-director of HULC. This study is approved by the Research Ethics board of Western 

University. We notice that you can be eligible to participate in our study. Your participation in 

our study will allow us to identify and plan preventive intervention to reduce the risk for future 

falls, fractures, improve bone health and quality of life of wrist fracture patients. Recently, we 

have mailed you a few questionnaires along with the written consent form and the details of this 

study. We were just wondering if you would be interested to continue your participation by 
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completing those questionnaires and mailing them back to us in the postage-paid envelope 

enclosed with the mailed package.  

Yes No 

Category 1: Yes 

interested, who 

already mailed 

 

Thank you for your 

time to complete 

the questionnaires. 

Now, as per the 

study procedure 

mentioned in the 

patient information 

form, I would like 

to know if you 

would be interested 

in scheduling an 

appointment for 

BMD testing at the 

Hand and Upper 

limb center 

(HULC). If you 

recently had this 

testing done, please 

inform us and we 

will request the 

result (with your 

permission) from 

your family 

doctor’s office. or 

We can schedule 

the lab visits on a 

day and time of our 

mutual 

convenience. 

Currently, we 

would be happy to 

schedule your 

appointments on 

any of the 

following days: 

Monday, Tuesday, 

Wednesday, 

Thursdays : 10 am - 

Category 2: Yes interested 

but Not yet received the 

mail. 

 

Would you be able to mail 

the completed responses to 

me in the next 2 weeks. 

 

Ok. I appreciate your honest response 

but wondering whether you would have 

some time to answer those 

questionnaires over this phone call 

which will take approximately another 

15-20 minutes to complete.  

 

Yes, 

 

Ok…I 

appreciate your 

time and 

willingness to 

return the mail 

in coming 2 

weeks of time. 

Also, we are 

interested to 

schedule your 

appointment for 

BMD testing at 

the Hand and 

Upper limb 

center (HULC).  

Once, we 

receive your 

mailed package, 

We can 

schedule the lab 

appointment on 

a day and time 

of our mutual 

convenience. 

Is it ok if I call 

you back to 

schedule the 

appointment for 

your BMD 

testing?   

 

No, 

Need 

more 

time  

 

Ask their 

preferred 

time for 

the return 

mail. 

Then, see 

yes…….. 

Yes 

Ok. Thank you 

Can you please 

have your package 

mailed by us in 

front of you while 

we go through the 

questions. 

I will read the 

patient information 

form related to this 

study now 

As you have 

heard/read the 

study details, Can 

you please give me 

your verbal 

consent whether 

you would like to 

continue your 

participation as 

Yes/No response. 

 

Open 

questionnaire 

package,  

After completion 

of questionnaires,  

 

Follow category 1 

instructions for a 

scheduling of lab 

appointment 

 

No 

That’s alright. 

Thank you for 

your time. Have a 

good day….  

1. You  
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3 pm, 

Fridays: 10 am -12 

noon. 

Among these dates, 

is there any day or 

time which works 

best for you for the 

BMD testing at 

HULC? 

If yes…schedule 

and  

Thank them and 

inform them that 

you will receive a 

reminder phone call 

from me a day or 2 

prior to your 

scheduled 

appointment.  

 

Reminder phone 

call: Inform them 

about the 

appointment 

date/timings 

Yes 

 

Follow 

Category 

1 

No   

Do you have any questions? 

{Answer any questions they may have} 

*If no, thank them for their time and say good-bye 

 

*In case patient says that they have NOT received the mailed package, ASK THEM: 

Is it ok if will re-mail a new package of questionnaires with the study details and consent form to 

you. I mean whether you will be able to fill the questionnaires and return the completed package 

within next 2 weeks?  

Yes, 

Can you please inform me your current 

mailing address so that I can make sure that 

you will be able to receive it this time. 

No 

THANK THEM FOR THEIR TIME and say 

goodbye… 

 

 


