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Background. Physical activity is increasingly recognized as an important marker of 

functional recovery following fracture. 

Objective. The objectives of this study were to measure sedentary behavior and physical 

activity 2 weeks and 6 months following fracture and to determine associated demographic 

and injury factors. 

Design. This was an observational study. 

Methods. Two weeks and 6 months following fracture, 83 adults who were 18 to 69 years 

old and had upper limb (UL) or lower limb (LL) fractures wore an accelerometer and an 

inclinometer for 10 days. We calculated sitting time, steps, moderate-intensity physical 

activity (MPA), and vigorous-intensity physical activity and conducted linear mixed-effects 

multivariable regression analyses to determine factors associated with temporal changes in 

activity. 

Results. At 6 months versus 2 weeks after fracture, participants sat less, took more steps, and 

engaged in more MPA. Participants with LL fractures sat 2 hours more, took 66% fewer 

steps, and engaged in 77% less MPA than participants with UL fractures. Greater reductions 

in sitting time were observed for participants in the youngest age group and with LL 

fractures, participants with high preinjury activity, and participants who were overweight or 

obese. For steps, greater improvement was observed for participants in the youngest and 

middle-aged groups and those with LL fractures. For MPA, greater improvement was 

observed for middle-aged participants and those with LL fractures. 

Limitations. Although this study was sufficiently powered for the analysis of major 

categories, a convenience sample that may not be representative of all people with 

musculoskeletal trauma was used. 

Conclusions. Working-age adults with LL fractures had lower levels of physical activity 6 

months after fracture than those with UL fractures. Older adults showed less improvement 
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over time, suggesting that they are an important target group for interventions aimed at 

regaining preinjury activity levels. 
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Fractures are the most common type of hospitalized injury, accounting for approximately 

300,000 hospital admissions and 1 million bed days in Australia each year.1,2 In the United 

States, the lifetime risk of sustaining a fracture requiring orthopedic referral has been 

estimated to be 39% for women and 42% for men up to the age of 65.3 Many people do not 

fully recover from fractures and experience considerable long-term functional impairment 

and physical disability. Almost one-third of adults with a lower limb (LL) fracture fail to 

return to work 12 months after injury,4 and at 2.5 years after injury, one-third of these 

patients still report some degree of disability.5 

 

Activity levels are increasingly recognized as an important aspect of functional recovery in 

adults with fractures.6–8 In the general population, the adverse effects of physical inactivity 

(ie, failure to meet physical activity guidelines9) and prolonged periods of time spent in 

sedentary behaviors (ie, waking behaviors characterized by low energy expenditure while 

sitting or reclining10) are now well-established. The short-term effects of prolonged sedentary 

behavior include impaired glucose control and fat metabolism, reduced bone density, and 

muscle wasting.11-14  

In the long term, excessive sedentary behavior and physical inactivity have been associated 

with weight gain, diabetes, hypertension, certain types of cancer, cognitive decline, poorer 

mental health and all-cause mortality.12,15,16 

 

Although some patients recover well from fracture and eventually resume their preinjury 

levels of activity, this is not universally the case. In this context, there is a need to identify the 

attributes of patients who are most at risk of poor activity recovery. Considering preinjury 

characteristics or the circumstances of injury, has the potential to greatly assist in determining 

D
ow

nloaded from
 https://academ

ic.oup.com
/ptj/advance-article-abstract/doi/10.1093/ptj/pzz151/5581641 by Australian C

atholic U
niversity user on 14 O

ctober 2019



6 
 

which patients should be provided with enhanced rehabilitation initiatives aimed at regaining 

preinjury activity levels. Previous research examining activity recovery in patients with 

fractures has focused on older adults and adolescents, or has relied on self-reported measures 

of activity, which are susceptible to over-estimation.6,17 To date, there is no research 

examining predictors of recovery using device-based activity measurement in the working-

age musculoskeletal trauma population, a group with a high rate of fractures and high 

functional recovery demands. 

 

The 2 aims of this study were to describe changes in time spent in physical activity and 

sedentary behavior from 2 weeks to 6 months following musculoskeletal trauma and to 

determine demographic and injury-related factors associated with changes in physical activity 

and sedentary behavior during recovery from musculoskeletal trauma. 

 

[H1] Methods 

This prospective cohort study follows the Strengthening the Reporting of Observational 

Studies in Epidemiology (STROBE) checklist.18 

 

[H2] Participants 

All patients who were 18 to 69 years old and who were admitted to a major trauma center 

from February to September 2017 with a new isolated upper limb (UL) or LL) fracture 

(confirmed by radiography), including fractures/dislocations, a hospital length of stay of >24 

hours, and home discharge, were eligible for inclusion (n = 445). Patients were excluded if 

they had pathologic fractures, cognitive deficits, or less than conversational English-language 

capabilities. Ethics approval was obtained from the Monash University and Alfred Hospital 
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human research ethics committees. All participants were recruited during their inpatient 

hospital stay and provided written informed consent. 

 

[H2] Procedures 

Data collection was undertaken 2 weeks and 6 months after surgery (or after injury for those 

treated nonsurgically, n = 10). At both time points, the validated activPAL3 device19 (PAL 

Technologies Ltd, Glasgow, United Kingdom) was used to measure sitting time, time spent in 

sitting bouts of >30 minutes, sit-to-stand transitions, and steps.20–22 The ActiGraph GTX3+ 

triaxial accelerometer (ActiGraph LLC, Pensacola, FL, USA) was used to measure minutes 

of moderate-intensity physical activity (MPA) and vigorous-intensity physical activity 

(VPA).23 Both devices were worn for 10 consecutive days. The activPAL was worn 

continuously (24-hour monitoring) on the anterior thigh (of the unaffected limb for LL 

fractures), and the ActiGraph was worn on the right hip during waking hours only. 

Participants completed a diary to record sleep/wake times and any periods of device removal 

of >15 minutes. 

 

Additional details collected in-person via questionnaire at the 2-week time point included 

self-reported height and weight, self-reported physical activity for the week preceding injury 

(International Physical Activity Questionnaire, Short Form [IPAQ-SF]24), and current weight-

bearing status. 

 

All participants were automatically included in the Victorian Orthopaedic Trauma Outcomes 

Registry (VOTOR). This registry collects administrative and follow-up data on all adult 

orthopedic admissions of >24 hours from 4 trauma centers across the state of Victoria, 

including the study recruitment site.25,26 All registrants are followed up by telephone at 6 
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months after injury to collect a range of self-reported measures, including the preinjury 

measures included in this study. An opt-out consent process is used for the registry, with the 

current opt-out rate of <2%.27 With participant consent, data from VOTOR were linked with 

data from this study and were available for 81 of 83 included participants. The registry has 

ethics approval from the Victorian Department of Health and Human Services and each 

participating hospital. 

 

[H2] Data Processing 

ActivPAL data were downloaded from devices using activPAL3 software. ActiGraph data 

were sampled at 30 Hz, and counts per minute were determined using ActiLife software 

(Version 6.13.3). All device data were processed in SAS 9.3 (SAS Institute Inc, Cary, NC, 

USA). To be included at each time point, participants were required to have recorded >4 

valid days with >600 minutes of waking wear time per day.28,29 To determine activPAL valid 

days, we removed sleep periods and then applied the algorithm outlined by Winkler et al.30 

Considering the potential for very low activity levels in our sample, we removed the 

condition that participants could not be engaged in “any one activity that accounts for >95% 

of waking wear time” and lowered the threshold for invalid days from 500 to 100 steps per 

day. ActiGraph valid days were determined using the Choi algorithm.31 After applying this 

algorithm, heat maps of data (displaying activity counts for each day) were visually inspected 

for any potential classification errors (eg, sleep time as waking time). Finally, any potential 

errors were checked against the participants’ diaries, and the most plausible classification was 

chosen and applied.32 Hours of sitting, sitting in bouts of >30 minutes, steps, MPA (1952–

5724 counts per minute) and VPA (>5725 counts per minute) were standardized to a 16-hour 

day.33 Sit-to-stand transitions were reported per hour of sitting per day.34,35 Standardized 

values were totaled and then averaged across all valid days. 
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Data collected from VOTOR for this study included participant demographics (age, sex); 

level of education; principal diagnosis and cause of injury (coded using the International 

Statistical Classification of Diseases and Related Health Problems, 10th Revision, Australian 

Modification [ICD-10-AM]36); date of surgery (when relevant); date of injury; preinjury 

work status (“yes” or “no” and occupation); preinjury health status (European Quality of Life 

Visual Analog Scale, scored from 0 to 100, with endpoints defined as “worst” and “best” 

imaginable health state37); preinjury level of disability (self-reported as none, mild, moderate, 

marked, or severe disability and categorized for analysis as “yes” or “no” for disability); and 

comorbidities (defined using the Charlson Comorbidity Index, mapped from ICD-10-AM 

codes, and categorized for analysis as “yes”  or “no” for comorbidity38.) Body mass index 

(BMI) was calculated as weight (kg) divided by height (m2) and categorized according to 

accepted cutoff points.39 Preinjury physical activity data was reported as low, moderate and 

high, in accordance with IPAQ-SF scoring protocols.24 

 

[H2] Data Analysis 

Summary statistics were used to describe demographic and injury characteristics of 

participants: frequencies and percentages for categorical variables and medians and 

interquartile ranges for skewed continuous variables. Associations between variables were 

assessed using chi-square tests for categorical variables and Wilcoxon rank sum tests for 

continuous variables. These tests were also used to compare characteristics between those 

with and those without 6-month data. 

 

Outcomes at both time points were summarized using the mean and SD for normally 

distributed data (sitting) and median and interquartile range for skewed data (sitting bouts of 
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>30 minutes, sit-to-stand transitions, steps, MPA, and VPA). Scatterplots with an overlaid 

unadjusted line of best fit were created for each activity outcome to depict the change from 2 

weeks to 6 months. These changes were assessed further via dependent t tests for sitting time 

and Wilcoxon matched-pairs signed rank tests for all other outcomes. 

 

Predictors for the 3 main outcomes, sitting time, steps and MPA, were assessed using linear 

mixed models to account for the correlation between repeated measures from the same 

participant (random effects). As steps and MPA data were negatively skewed, a log 

transformation was applied prior to modelling. Based on previous literature, potential 

predictive variables included in the models were time (ie, 2 weeks versus 6 months), age, sex, 

fracture group (ie, UL versus LL fracture), cause of injury, BMI, preinjury physical activity, 

and highest level of education.7,40,41 Owing to insufficient variability across response 

categories, preinjury work status, disability, health status, and the Charlson Comorbidity 

Index were not included. Variables showing a significant (P < .25) association on univariable 

analyses were entered into each multivariable model.42 Nonsignificant variables were 

identified using Wald tests and were removed from the model individually in a backward 

stepwise approach (P < .05).42 The reduced models were compared with the initial model 

using likelihood ratio tests and the remaining variable coefficients assessed to ensure that 

they had not substantially changed, indicating potential confounding. This process was 

repeated until a parsimonious final model was achieved. Variables excluded from the initial 

model were then included to ensure that important variables had not been missed. Residual 

plots were inspected to evaluate model assumptions (ie, normal distribution of residuals and 

equal variances).43 The estimated models used 15 degrees of freedom. Thus, our final sample 

allowed for >5 participants per variable, exceeding the minimum number of participants per 
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variable required for accurate estimation of regression coefficients, CIs, and adjusted R2 

values.44 

 

Differences in magnitude of change in the outcome between participant subgroups (eg, men 

versus women) were explored using an interaction term between each variable and time (ie, 2 

weeks and 6 months), with the adjusted mean change or ratio of geometric means (for log-

transformed outcomes) representing the improvement in outcome in that group relative to the 

previous time point. All analyses were performed using Stata V.15 (StataCorp LLC, College 

Station, TX, USA). 

 

[H2] Role of the Funding Source 

This project was funded by a Monash University Faculty of Medicine Nursing and 

Health Sciences Strategic Grant. C.L. Ekegren was supported by a National Health 

and Medical Research Council of Australia (NHMRC) Early Career Fellowship (ref. 

no. 1106633). B.J. Gabbe was supported by an Australian Research Council Future 

Fellowship (ref. no. FT170100048). N. Owen was supported by an NHMRC Program 

Grant (ref. no. 569940), by a Senior Principal Research Fellowship (ref. no. 

1003960), and by the Victorian Government’s Operational Infrastructure Support 

Program. D.W. Dunstan was supported by an NHMRC Senior Research Fellowship 

(ref. no. 1078360) and by the Victorian Government’s Operational Infrastructure 

Support Program. The funder had no involvement in the study design, data 

collection, analysis and interpretation of data, the writing of the report, or the decision 

to submit the article for publication. 
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[H1] Results 

From the 445 eligible patients, 120 participants were recruited. At the 2-week time point, 83 

participants returned valid activPAL data (n = 81) and/or valid ActiGraph data (n = 78). At 

the 6-month time point, 63 participants returned valid activPAL data (n = 59) and/or valid 

ActiGraph data (n = 60). Reasons for attrition at 6 months included loss of interest (n = 16) 

and insufficient/invalid data (n = 4). Participants lost to follow-up at 6 months were more 

commonly men (P = .03), and a higher proportion had only a high school level of education 

(P = .04) (Suppl. Material, available at https://academic.oup.com/ptj). 

 

Characteristics of included participants are presented in Table 1. The majority were men, 

most had sustained LL fractures, and the mean age was 41 (SD = 14) years. The majority of 

participants were in paid employment prior to injury and were working in white collar 

professions, and approximately one-half were university educated. Approximately one-half of 

the participants had a BMI in the overweight or obese range, yet the majority scored zero on 

the Charlson Comorbidity Index. Participants reported mostly high levels of activity prior to 

injury, low levels of disability, and high self-rated health (European Quality of Life Visual 

Analog Scale). Approximately one-third of participants were injured via a low fall (<1 m). 

The most common LL fracture was an ankle fracture, and the most common UL fracture was 

a wrist/forearm fracture. Out of 83 participants, 6% (n = 5) had open fractures, 41% had 

intraarticular fractures, and 71% had comminuted fractures or fractures with multiple 

fragments. Ten of the 83 participants were treated nonsurgically. Of those treated surgically, 

71 underwent internal fixation and 2 received external fixation. The median length of stay 

was 2.3 (interquartile range = 1.9–4.2) days. Approximately two-thirds of participants with 

LL fractures were non–weight bearing on the affected limb at the 2-week time point. For 

participants with valid 2-week data, there was an association between age and fracture group 
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(P = .04), with younger participants sustaining more LL fractures (Tab. 1). For participants 

with valid 6-month data, participants with an LL fracture reported lower health status than 

those with a UL fracture (P = .03), although the median difference was only 3.5%. 

 

Time spent in sedentary behavior and physical activity at both time points are shown in the 

Figure and Table 2. Overall, participants spent less time sitting at 6 months than at 2 weeks 

(overall and in bouts of >30 minutes), had more sit-to-stand transitions, took more steps, and 

engaged in more MPA and VPA (P < .001). There were significant differences in outcomes 

by fracture group, with worse outcomes but greater improvement over time for participants 

with LL fractures than for those with UL fractures (Figure and Tab. 2). These differences 

were explored further via mixed linear multivariable models fitted for 3 main outcomes: 

sitting, steps, and MPA. 

 

After adjusting for confounders, participants with LL fractures sat on average 2 hours more 

per day overall than participants with UL fractures (Tab. 3). All participants spent less time 

sitting at 6 months than at 2 weeks (adjusted mean difference = −2.72 [95% CI = −3.26 to 

−2.17]; P < .001). However, the magnitude of change from 2 weeks to 6 months differed by 

age, injury, preinjury physical activity level, and BMI (Tab. 3). The magnitude of change in 

sitting time was greater for participants in the youngest age group than for those in the oldest 

age group. The magnitude of change in sitting time was greater for participants with LL 

fractures than for those with UL fractures. The magnitude of change in sitting time was 

greater for participants with the highest level of preinjury physical activity than for those with 

the lowest level of physical activity. The magnitude of change in sitting time was greater for 

participants who were overweight or obese than for those who were of normal weight or 

underweight. 
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For steps, LL fractures were associated with 66% fewer steps per day than UL fractures (Tab. 

4). Participants with an advanced diploma or certificate took 40% more steps per day than 

those who were university educated. Overall, participants took over 3 times more steps at 6 

months than at 2 weeks (adjusted ratio of geometric means = 3.44 [95% CI = 2.69 to 4.39]; P 

< .001). However, this change over time differed by age and injury (Tab. 4). The magnitude 

of change in steps from 2 weeks to 6 months was lower for participants in the oldest age 

group than for all other participants. The magnitude of change in steps was greater for 

participants with LL fractures than for those with UL fractures. 

 

For MPA, LL fractures were associated with 77% fewer minutes of MPA per day than UL 

fractures (Tab. 5). Participants in the middle-age and older age groups engaged in 47% and 

51% less MPA, respectively, than those in the youngest age group. However, those who did 

not complete high school engaged in 68% less MPA than those who were university 

educated. Overall, participants performed more MPA at 6 months than at 2 weeks (adjusted 

ratio of geometric means = 5.37 [95% CI = 3.82 to 7.54]; P < .001). However, the magnitude 

of change differed by age and injury (Tab. 5). The magnitude of change in minutes of MPA 

was greater for participants who were 35 to 49 years old than for participants in the oldest 

and youngest age groups. The magnitude of change in minutes of MPA was greater for 

participants with LL fractures than for those with UL fractures. 

 

[H1] Discussion 

This study aimed to describe changes in time spent in physical activity and sedentary 

behavior from 2 weeks to 6 months following musculoskeletal trauma and determine 

demographic and injury-related factors associated with these changes. The 3 main findings 

were as follows. Physical activity levels and sedentary behavior were significantly improved 
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at the 6-month time point. Participants with LL fractures had poorer outcomes for all 

measures at 6 months than those with UL fractures. Older participants had a lower magnitude 

of recovery than younger participants for sitting time, steps, and MPA. 

 

Two weeks after fracture, all participants engaged in high amounts of sitting, took few steps, 

and had low physical activity levels. At 6 months, these outcomes had improved but were 

still lacking in some groups relative to normative values. The AusDiab study, one of the few 

population-based studies to use the gold standard device (activPAL45) to measure sitting time, 

reported a mean value of 8.8 (SD = 1.8) h/d in 678 Australian community-dwelling adults 

who were 36 to 80 years old.46 Although these values were similar to daily sitting time at 6 

months for our UL group, participants in the LL group recorded over 1 hour more of sitting 

time per day at 6 months. Over extended periods, 1 extra hour of sedentary time is associated 

with a higher odds of developing type 2 diabetes and metabolic syndrome47 and, for those 

who sit >7 h/d, there is a 5% increased risk of all-cause mortality for each 1-hour increment 

in sitting time per day.48 Furthermore, in this study, almost 60% of participants’ sitting time 

was accumulated in bouts of 30 minutes or more at the 6-month time point, a pattern of 

behavior associated with higher BMI and waist circumference, less favorable high-density 

lipoprotein cholesterol and triglyceride levels, and a higher risk of all-cause mortality.49–51 

 

There have been few large studies using the activPAL device to assess step counts. One study 

of 164 UK office workers who were healthy and had a comparable mean age of 39 (SD = 

10.6) years reported a mean of 9737 (SD = 3517) steps per day, approximately double the 

steps measured in our study at the 6-month time point.52 For MPA, our 6-month values 

compare well with population norms. The National Health and Nutrition Examination Survey 
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(NHANES), which has collected ActiGraph data from 6329 American adults, reports MPA of 

12.3 to 41.3 min/d in those of a similar age, which is comparable to our 6-month values.53 

However, the majority of participants with LL fractures recorded no VPA whatsoever at the 

6-month time point. These findings are important given that, over the long term, failure to 

meet physical activity guidelines (at least 150 minutes of MPA per week or 75 minutes of 

VPA per week or any equivalent combination of the 2) has been associated with numerous 

chronic health conditions and all-cause mortality.15 

 

Further research is needed to determine whether the observed changes in physical activity 

patterns persist beyond the 6-month time point. In this study, many participants were injured 

during engagement in some form of physical activity, such as cycling. For these people in 

particular, fear of reinjury may play a strong role in preventing resumption of preinjury 

activity behavior.54 There is evidence of this fear in people who have experienced hip 

fracture, with fear of falling cited as a reason for reduced functional mobility after fracture.55 

People who have experienced an anterior cruciate ligament rupture also cite fear of reinjury 

as a reason to avoid or delay returning to sport.56 There is a need for further research to 

determine whether fear of reinjury, or post-traumatic stress, lead to physical activity 

restriction in working age adults following fracture. Considering the importance of habit in 

the maintenance of physical activity, loss of routine and loss of motivation may also 

contribute to long-term reductions in physical activity levels following musculoskeletal 

trauma.57 

 

Participants with LL fractures demonstrated greater improvement in all activity outcomes 

over time than those with UL fractures, most likely because of their very low 2-week activity 
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levels allowing greater room for improvement. A high proportion of participants with LL 

fractures were non–weight bearing on their fractured limb at the 2-week time point which 

may explain their low activity levels. Although our study was not powered for a subgroup 

analysis of this association in the LL fracture group, there is a need for a better understanding 

of the impact of weight-bearing restrictions in future research. Regardless, 6-month outcomes 

for those with LL fractures were still worse compared to UL fractures, which was unexpected 

given that bony consolidation and full weight bearing would be expected to have occurred by 

6 months for most LL fractures.58 These findings may relate to the increased severity of these 

injuries, with LL fractures leading to a greater loss of muscle mass and cardiovascular fitness, 

joint stiffness or pain, thereby increasing the challenge of resuming physical activity. A 

previous study using accelerometry to measure physical activity in adolescents aged 10 to 16 

years found that participants with LL fractures engaged in 23% less MPA per day 6 months 

after surgery relative to their peers who were healthy.40 This difference had worsened at the 

18-month time point, indicating an enduring reduction of MPA following LL fracture. 

 

By contrast, older participants (50–69 years old) had lower levels of activity and less 

improvement in activity over time than their younger and middle-aged counterparts, 

suggesting that older adults are more greatly affected by musculoskeletal trauma and find it 

more challenging to recover. Previous research demonstrated very low levels of physical 

activity and high amounts of sitting up to 6 months following hip fracture in older 

adults,7,41,59 with results worsening with every year of increased age.7,60 With greater 

comorbidity and reduced physical function, it is understandable that activity levels of older 

adults may be more greatly impaired by musculoskeletal trauma. In this study, it was notable 

that the impact of age on activity appeared to begin in those as young as 50 years. 
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Participants reporting higher levels of preinjury physical activity had greater improvements in 

sitting time at 6 months, suggesting an association between these 2 behaviors. More 

unexpected was our finding of greater improvements in sitting time for participants with a 

higher BMI. It is possible that having greater weight reserves may be beneficial in the 

fracture recovery process.61 Consistent with our findings, previous research has shown better 

self-reported physical activity recovery 12 months after sports-related musculoskeletal 

trauma in those with a university degree compared to those without.62 However, we also 

observed that those with a university education took fewer steps overall. One possible 

explanation for this is the tendency for university graduates to be employed in white-collar 

occupations (which are usually more sedentary63) but to also engage in more leisure-time 

physical activity.64 

 

This study had a number of limitations. First, although sufficiently powered for our analyses, 

our convenience sample was relatively small and, given participants’ high levels of preinjury 

physical activity, high health status, and high levels of educational attainment, the sample 

was likely not representative of all people with musculoskeletal trauma. Although this limits 

the generalizability of our findings, it suggests the possibility that activity recovery may be 

even worse in the wider musculoskeletal trauma population. Second, our use of activPAL 

rather than ActiGraph to measure steps was based on evidence of the higher accuracy of 

activPAL at slower walking speeds and when using gait aids.22 However, further research is 

needed to validate measurement of physical activity via ActiGraph under these conditions. 

Third, there were types of physical activity that we were not able to measure in this study, 

including swimming and cycling, 2 activities that may be popular with people recovering 

from musculoskeletal trauma. Fourth, we did not collect data on pain as a potential correlate 
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of physical activity and sitting time. Nor did we include data on fracture type and severity 

(eg, articular involvement, open/closed, degree of comminution) in our multivariable 

analyses. These factors may influence activity levels, particularly in the early stage of 

recovery, and therefore would be valuable to monitor in future research with larger samples. 

Furthermore, although understanding activity recovery requires accurate estimates of 

preinjury activity levels, currently the most feasible option for capturing these is via self-

report, which has poor agreement with device-based measurement in people with fractures.65 

To reduce potential recall bias for preinjury physical activity levels collected 2 weeks after 

injury, we collected data via the IPAQ-SF, a widely used, validated measure of self-reported 

physical activity66; we reported IPAQ-SF categories of physical activity rather than IPAQ-

SF–derived continuous physical activity data in Metabolic Equivalent of Task-minutes 

(providing better agreement with device-based measures63); and we collected preinjury 

physical activity data at a feasible, standardized time point following injury, allowing 

participants a reasonable period of recovery from their injuries. 

 

This study has demonstrated excessive and prolonged bouts of sitting and low physical 

activity levels in people with musculoskeletal trauma, persisting up to 6 months following 

injury. Although pain medication effects and mobility deficits may impede walking and 

physical activity in the early stage of recovery, there are numerous potential health benefits 

from simply reducing and breaking up prolonged bouts of sitting.32,46,67,68 This growing body 

of evidence supports the notion that advice commonly given to people with musculoskeletal 

trauma at hospital discharge about the need for rest could be supplemented with advice about 

the potential advantages of breaking up prolonged sitting with standing, stepping and light 

activity bouts, within their capacities and tolerability. Furthermore, interventions aimed at 

gradually increasing levels of MPA and VPA, targeted towards those at risk of poor activity 
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recovery, should be an integral part of trauma rehabilitation, recognizing the fact that a lack 

of clinical deficits does not necessarily mark the endpoint of recovery. More research is still 

needed however, to determine which interventions are safe and effective in this population 

and whether these interventions result in long-term health benefits. 
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Table 1. 

Demographics and Injury Characteristics for Participants With Valid Data After Hospital Discharge by Fracture Sitea 

 

Characteristic 2 wk 6 mo 
UL (n = 37) LL (n = 46) P UL (n = 26) LL (n = 37) P 

Sex   .59   .82 
Men 22 (59.5) 30 (65.2)  14 (53.9) 21 (56.8)  
Women 15 (40.5) 16 (34.8)  12 (46.1) 16 (43.2)  

Age group (y)   .04   .10 
18–34 13 (35.1) 23 (50.0)  9 (34.6) 16 (43.2)  
35–49 7 (18.9) 14 (30.4)  5 (19.2) 13 (35.2)  
50–69 17 (46.0) 9 (19.6)  12 (46.2) 8 (21.6)  

Education levelb   .81   .74 
University degree 17 (53.1) 21 (48.8)  13 (59.1) 16 (44.4)  
Advanced diploma, diploma, or certificate 8 (25.0) 15 (34.9)  7 (31.7) 15 (41.7)  
Completed high school 4 (12.5) 4 (9.3)  1 (4.6) 2 (5.6)  
Did not complete high school 3 (9.4) 3 (7.0)  1 (4.6) 3 (8.3)  

Worked prior to injuryb   .42   .72 
No 3 (9.4) 2 (4.7)  1 (4.5) 1 (2.8)  
Yes 29 (90.6) 41 (95.4)  21 (95.5) 35 (97.2)  

Occupation   .39   .42 
Managers, administrators, and professionals 21 (72.3) 22 (53.7)  16 (76.1) 20 (57.1)  
Tradespersons 6 (20.7) 10 (24.3)  4 (19.1) 9 (25.7)  
Clerical, service, and sales workers 1 (3.5) 5 (12.2)  1 (4.8) 4 (11.5)  
Laborers and production and transport workers 1 (3.5) 2 (4.9)  0 0  
Students 0 2 (4.9)  0 2 (5.7)  

Body mass index category   .48   .34 
Normal or underweight (<25 kg/m2) 21 (56.8) 20 (43.5)  16 (61.5) 16 (43.3)  
Overweight (≥25–<30 kg/m2) 12 (32.4) 19 (41.3)  6 (23.1) 14 (37.8)  
Obese (≥30 kg/m2) 4 (10.8) 7 (15.2)  4 (15.4) 7 (18.9)  
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Preinjury comorbidity (CCI score of ≥1)c   .45   .09 
No 34 (97.1) 43 (93.5)  25 (100.0) 33 (89.2)  
Yes 1 (2.9) 3 (6.5)  0 4 (10.8)  

Preinjury physical activity (IPAQ-SF category)   .30   .32 
Low 5 (13.5) 2 (4.4)  3 (11.5) 1 (2.7)  
Moderate 11 (29.7) 13 (28.3)  5 (19.2) 10 (27.0)  
High 21 (56.8) 31 (67.3)  18 (69.3) 26 (70.3)  

Preinjury disabilityb   .58   .57 
No 26 (81.2) 37 (86.0)  17 (77.3) 30 (83.3)  
Yes 6 (18.8) 6 (14.0)  5 (22.7) 6 (16.7)  

Preinjury health status (EQ VAS) (0–100)d   .58   .03 
Median (IQR) 90 (80–95) 90 (75–95)  93.5 (90–99) 90 (77.5–95)  
Range (minimum–maximum) 50–100 40–100  75–100 40–100  

Injury cause   .17   .49 
Low fall 14 (37.8) 18 (39.1)  10 (38.5) 17 (50.0)  
High fall 6 (16.2) 6 (13.0)  3 (11.5) 5 (13.5)  
Motor vehicle/motor cyclist 5 (13.5) 7 (5.3)  4 (15.4) 5 (13.5)  
Pedal cyclist 9 (24.3) 4 (8.7)  7 (26.9) 4 (10.8)  
Other external cause 3 (8.2) 11 (23.9)  2 (7.7) 6 (16.2)  

Fracture type       
Foot  6 (7.2)   3 (4.8)  
Ankle  23 (27.7)   22 (34.9)  
Tibia/fibula  10 (12.1)   6 (9.5)  
Patella  4 (4.8)   3 (4.8)  
Hip  3 (3.6)   3 (4.8)  
Forearm/wrist 15 (18.1)   8 (12.7)   
Elbow 3 (3.6)   2 (3.2)   
Humerus 8 (9.6)   7 (11.1)   
AC/scapula/clavicle 11 (13.3)   9 (14.3)   

Weight-bearing statuse N/A   N/A   
Non–weight bearing  30 (65.2)   23 (62.2)  
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Partial weight bearing/weight bearing as tolerated  16 (34.8)   14 (37.8)  
Days from surgery/injury to start of data collection   .26   .34 

Median (IQR) 15 (14–18) 16 (14–19)  182 (179–185) 182 (178–183)  
Range (minimum–maximum) 8–29 2–27  170–218 164–201  

 

aP values in bold type are significant. AC = acromioclavicular joint; CCI = Charlson Comorbidity Index; EQ VAS = European Quality of Life Visual Analog Scale; IPAQ-SF 
= International Physical Activity Questionnaire–Short Form; IQR = interquartile range; LL = lower limb fractures; N/A = not applicable; UL = upper limb fractures. 
bMissing data: for 2 wk, n = 8; for 6 mo, n = 5. 
cMissing data: for 2 wk, n = 2; for 6 mo, n = 1. 
dMissing data: for 2 wk, n = 11; for 6 mo, n = 7. 
eWeight-bearing status at hospital discharge: non–weight bearing means that the person is not permitted to bear any weight on the affected limb (ie, must use crutches to hop 
on the unaffected limb); partial weight bearing means that the person is allowed to bear some weight on the affected limb (ie, must use crutches to walk); weight bearing as 
tolerated means that the person is allowed to bear as much weight on the limb as he or she can tolerate (ie, can walk with or without crutches). 
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Table 2. 

Physical Activity and Sedentary Behavior Outcomes After Hospital Discharge in Participants With Fracturesa 

 

Activity or Behavior  Upper Limb Fracture Lower Limb Fracture Total Pb 
2 wk (n = 37) 6 mo (n = 26) 2 wk (n = 46) 6 mo (n = 37) 2 wk (n = 83) 6 mo (n = 63) 

Sitting time (h/d)       <.001 
Mean (SD) 10.6 (1.8) 9.1 (1.6) 13.6 (1.4) 9.9 (1.7) 12.2 (2.2) 9.6 (1.7)  
Range (minimum–
maximum) 

6.6–14.5 5.7–11.9 9.6–15.6 6.3–13.2 6.6–15.6 5.7–13.2  

Sitting bouts of ≥30 min 
(h/d) 

      <.001 

Median (IQR) 5.7 (4.5–6.9) 4.6 (3.3–6.0) 10.6 (8.8–12.3) 5.8 (4.0–6.9) 8.6 (5.7–11.0) 5.1 (3.7–6.5)  
Range (minimum–
maximum) 

2.7–12.6 0.9–7.0 4.7–15.3) 1.6–10.4 2.7–15.3 0.9–10.4  

% of total sitting/d 54 51 78 59 71 53  
Sit-to-stand transitions/h 
of sitting (n) 

      <.001 

Median (IQR) 5.0 (3.9–6.0) 5.8 (4.5–6.9) 2.5 (1.8–3.3) 4.9 (3.4–5.9) 3.5 (2.2–5.1) 5.1 (3.9–6.5)  
Range (minimum–
maximum) 

2.0–10.3 3.5–12.1 0.8–5.8 2.0–12.0 0.8–10.3) 2.0–12.1  

Steps/d (n)       <.001 
Median (IQR) 4066 (2833–4668) 5441 (4637–6458) 779 (436–1243) 4318 (3600–5422) 1751 (705–3857) 4786 (3937–6269)  
Range (minimum–
maximum) 

969–8251 3964–9131 86–2370 1770–7959 86–8251 1770–9131  

MPA (min/d)       <.001 
Median (IQR) 23.3 (10.5–51.7) 38.9 (28.0–49.8) 2.1 (0.7–5.5) 24.6 (14.9–44.5) 5.9 (1.5–26.2) 34.9 (21.8–49.3)  
Range (minimum–
maximum) 

0.4–76.7 5.7–87.0 0–41.5 0–114.7 0–76.7) 0–114.7  

VPA (min/d)       <.001 
Median (IQR) 0 (0–0.6) 0.5 (0–7.2) 0 (0–0) 0 (0–0.54) 0 (0–0) 0.1 (0–1.3)  
Range (minimum–
maximum) 

0–14.8 0–31.7 0–1.8 0–4.0 0–14.8 0–31.7  
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aIQR = interquartile range; MPA = moderate-intensity physical activity; VPA = vigorous-intensity physical activity. 
bP value for the difference between 2-wk and 6-mo values for all participants (univariable analysis). 
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Table 3. 

Predictors of Sitting Time and Change in Sitting Time From 2 Weeks to 6 Months, Determined by Linear Mixed-Effects Multivariable 
Regression Analysisa 

 

Parameter Mean (SD) h/d for: β (95% CI) for 
Adjusted Mean 

Difference in h/d 
Relative to 

Reference Group 

P β (95% CI) for 
Adjusted Mean Change 
in h/d From 2 wk to 6 

mo 

Pb 
2 wk 6 mo 

Sex    .22  .29 
Men 12.6 (1.9) 9.6 (1.5) Reference  −2.98 (−3.64 to −2.31)  
Women 11.7 (2.6) 9.6 (1.9) −0.41 (−1.08 to 0.25)  −2.39 (−3.26 to −1.51)  

Age group (y)    .42  .03 
18–34 12.7 (2.0) 9.4 (1.7) Reference  −3.41 (−4.14 to −2.68)  
35–49 12.4 (2.2) 9.7 (1.8) −0.47 (−1.24 to 0.29)  −2.80 (−3.84 to −1.75)  
50–69 11.5 (2.3) 9.6 (1.6) −0.39 (−1.14 to 0.36)  −1.86 (−2.76 to −0.96)  

Injury group    <.001  <.001 
Upper limb 10.6 (1.8) 9.1 (1.6) Reference  −1.48 (−2.17 to −0.79)  
Lower limb 13.6 (1.4) 9.9 (1.7) 2.02 (1.36 to 2.68)  −3.65 (−4.25 to −3.04)  

Preinjury physical activity    .29  .03 
Low 10.5 (2.8) 9.7 (2.1) Reference  −1.25 (−2.33 to −0.17)  
Moderate 12.4 (2.0) 10.0 (1.7) −0.12 (−1.78 to 1.54)  −2.35 (−3.33 to −1.36)  
High 12.4 (2.1) 9.4 (1.7) −0.69 (−2.33 to 0.94)  −2.97 (−3.64 to −2.30)  

Body mass index    .22  .02 
Underweight/normal 11.7 (2.2) 9.6 (1.7) Reference  −2.09 (−2.72 to −1.46)  
Overweight 12.9 (2.0) 9.3 (1.8) 0.43 (−0.28 to 1.13)  −3.73 (−4.73 to −2.73)  
Obese 12.5 (2.4) 9.9 (1.5) 0.82 (−0.16 to 1.81)  −2.55 (−3.83 to −1.27)  

Education level    .23  .05 
University degree 12.6 (2.3) 9.8 (1.8) Reference  −2.62 (−3.33 to −1.91)  
Diploma or advanced 
certificate 

12.3 (2.0) 9.3 (1.7) −0.63 (−1.32 to 0.07)  −2.99 (−4.03 to −1.95)  

Completed high school 11.2 (2.4) 10.3 (0.6) −1.06 (−2.50 to 0.37)  −1.29 (−2.27 to −0.31)  
Did not complete high school 12.2 (0.9) 9.2 (1.6) −0.56 (−1.92 to 0.80)  −3.16 (−4.56 to −1.75)  
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aP values in bold type are significant. 
bP value for the interaction of the variable with time. 
  

D
ow

nloaded from
 https://academ

ic.oup.com
/ptj/advance-article-abstract/doi/10.1093/ptj/pzz151/5581641 by Australian C

atholic U
niversity user on 14 O

ctober 2019



38 
 

Table 4. 
Predictors of Steps and Change in Steps From 2 Weeks to 6 Months, Determined by Linear Mixed-Effects Multivariable Regression Analysisa 
 
Parameter Median (IQR) Steps/d for: RGM (95% CI) P RGM for 6 mo/2 wk 

(95% CI) 
Pb 

2 wk 6 mo 
Sex    .52  .99 

Men 1626 (770–3213) 5268 (3897–6544) Reference  3.43 (2.52 to 4.68)  
Women 2042 (660–4144) 4498 (3937–5629) 0.93 (0.76 to 1.15)  3.44 (2.35 to 5.03)  

Age group (y)    .97  .03 
18–34 1508 (770–3213) 5413 (4451–6482) Reference  4.03 (2.87 to 5.66)  
35–49 1200 (660–2642) 4736 (3830–5634) 0.97 (0.72 to 1.30)  4.26 (2.59 to 7.01)  
50–69 2833 (913–4187) 4486 (3848–5451) 0.97 (0.75 to 1.26)  2.34 (1.69 to 3.25)  

Injury group    <.001  <.001 
Upper limb 4066 (2833–4668) 5441 (4637–6458) Reference  1.56 (1.34 to 1.82)  
Lower limb 779 (436–1243) 4318 (3600–5422) 0.34 (0.27 to 0.43)  6.12 (4.76 to 7.86)  

Preinjury physical activity    .70  .14 
Low 3346 (2892–4300) 4960 (3168–7380) Reference  2.02 (1.19 to 3.44)  
Moderate 2132 (720–2773) 4565 (4182–6054) 1.20 (0.78 to 1.84)  3.19 (2.07 to 4.93)  
High 1358 (660–4072) 4895 (3830–6269) 1.17 (0.77 to 1.77)  3.69 (2.74 to 4.98)  

Body mass index    .45  .19 
Underweight/normal 2151 (937–4072) 5404 (4318–6276) Reference  2.87 (2.07 to 3.98)  
Overweight 1229 (660–2892) 4786 (3964–6482) 0.89 (0.69 to 1.13)  4.52 (3.09 to 6.60)  
Obese 1026 (487–3926) 3615 (3037–4906) 0.83 (0.61 to 1.14)  3.34 (1.76 to 6.35)  

Education level    .03  .37 
University degree 1123 (389–4144) 4574 (3937–6458) Reference  3.92 (2.61 to 5.87)  
Advanced diploma or certificate 1339 (879–3213) 4895 (4479–6413) 1.40 (1.13 to 1.77)  3.15 (2.30 to 4.32)  
Completed high school 2042 (1229–3680) 3038 (3037–5132) 1.32 (0.87 to 2.01)  2.33 (1.48 to 3.67)  
Did not complete high school 2066 (1026–2893) 4359 (3453–4789) 1.28 (0.95 to 1.73)  3.19 (1.80 to 5.66)  

 
aP values in bold type are significant. IQR = interquartile range; RGM = ratio of geometric means. 
bP value for the interaction of the variable with time. 
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Table 5. 

Predictors of MPA and Change in MPA From 2 Weeks to 6 Months, Determined by Linear Mixed-Effects Multivariable Regression Analysisa 

 

Parameter Median (IQR) min/d for: RGM (95% CI) P RGM for 6 mo/2 wk 
(95% CI) 

Pb 
2 wk 6 mo 

Sex    0.17  .67 
Men 6.5 (1.8–33.0) 38.9 (23.1–51.1) Reference  5.03 (3.05 to 8.29)  
Women 4.7 (1.2–11.4) 26.1 (20.5–38.1) 0.76 (0.52 to 1.13)  5.88 (3.48 to 9.95)  

Age group (y)    .01  .01 
18–34 13.7 (2.83–33.7) 49.3 (35.6–53.4) Reference  5.01 (2.90 to 8.64)  
35–49 2.8 (0.7–7.9) 29.2 (20.5–40.9) 0.53 (0.29 to 0.95)  12.44 (5.94 to 26.05)  
50–69 5.9 (1.8–26.2) 24.0 (14.6–38.4) 0.49 (0.31 to 0.78)  2.85 (1.76 to 4.63)  

Injury group    <.001  <.001 
Upper limb 23.3 (10.5–1.7) 38.9 (28.0–49.8) Reference  1.95 (1.44 to 2.64)  
Lower limb 2.1 (0.7–5.5) 24.6 (14.9–44.5) 0.23 (0.14 to 0.40)  11.42 (7.21 to 18.10)  

Preinjury physical activity    .84  .58 
Low 3.8 (1.5–7.9) 27.0 (8.8–63.1) Reference  3.79 (2.07 to 6.95)  
Moderate 5.0 (1.2–26.2) 35.6 (11.8–44.5) 1.27 (0.41 to 3.94)  5.25 (2.98 to 9.22)  
High 6.3 (1.6–31.2) 34.3 (23.0–49.8) 1.36 (0.48 to 3.86)  5.62 (3.38 to 9.34)  

Body mass index    .65  .20 
Underweight/normal 11.0 (1.4–40.5) 38.3 (23.1–49.4) Reference  4.11 (2.51 to 6.71)  
Overweight 6.2 (1.5–26.2) 38.2 (22.4–62.1) 0.86 (0.53 to 1.39)  8.54 (4.46 to 16.37)  
Obese 2.7 (1.4–5.9) 24.7 (14.4–37.3) 1.09 (0.69 to 1.73)  4.96 (2.21 to 11.10)  

Education level    .01  .37 
University degree 12.4 (2.5–37.6) 38.2 (24.6–45.9) Reference  4.53 (2.60 to 7.88)  
Advanced diploma or 
certificate 

5.0 (1.5–13.9) 25.1 (20.5–51.1) 0.86 (0.54 to 1.36)  7.18 (4.19 to 12.30)  

Completed high school 4.7 (0.8–12.5) 24.7 (0.0–52.6) 0.56 (0.28 to 1.13)  8.26 (2.36 to 28.91)  
Did not complete high school 2.0 (1.5–2.5) 2.5 (1.7–14.8) 0.32 (0.15 to 0.66)  2.86 (0.95 to 8.55)  

 
aP values in bold type are significant. MPA = moderate-intensity physical activity; RGM = ratio of geometric means. 
bP value for the interaction of the variable with time. 
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Figure 1. 
Time spent in sedentary behavior and physical activity at both time points. 
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