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Background: Sublesional declines in hip and knee region bone mass are a well-established consequence of motor complete 
spinal cord injury (SCI), placing individuals with SCI at risk for fragility fracture, hospitalization, and fracture-related morbidity 
and mortality. Objectives: To describe the 1-year incidence of fracture and osteoporosis prevalence in a community cohort of 
Canadians with chronic SCI. Methods: As part of the SCI Community Survey, consenting adult participants with chronic SCI 
completed an online or telephone survey regarding their self-reported medical comorbidities, including  fracture and osteoporosis, 
in the 12 months prior to survey conduct. Survey elements included sociodemographic and impairment descriptors and 4 
identified risk factors for lower extremity fragility fracture: injury duration ≥ 10 years, motor complete and sensory complete (AIS 
A or A-B) paraplegia, and female gender. Results: Consenting participants included 1,137 adults, 70.9% were male, mean 
(SD) age was 48.3 (13.3) years, and mean (SD) time post injury was 18.5 (13.1) years. Eighty-four participants (7.4%) reported 
a fracture in the previous 12 months and 244 (21.5%) reported having osteoporosis in the same time period, with corresponding 
treatment rates of 84.5% and 64.8%, respectively. The variables most strongly associated with fracture were osteoporosis (odds 
ratio [OR], 4.3; 95% CI, 2.72-6.89) and having a sensory-complete injury (OR, 2.2; 95% CI, 1.38-3.50) or a motor complete 
injury (OR, 1.7; 95% CI, 1.10-2.72). Conclusions: The discordance between fracture occurrence and treatment and the 
strength of the association between osteoporosis diagnosis and incident fractures necessitates improved bone health screening 
and treatment programs, particularly among persons with complete SCI. Key words: fracture, health services, health surveys, 
osteoporosis, spinal cord injuries
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There are significant decreases in hip, distal 
femur, and proximal tibia region bone 
mass to 30% to 50% of matched able-

bodied controls in the first year following motor 
complete spinal cord injury (SCI). This excessive 
resorption occurs at a rate of approximately 4% 
per month in the subacute phase of SCI and 
results in adverse changes in bone architecture 
and an increased propensity for fragility fracture. 
Although a positive relationship between time 
post injury and declining bone mineral density 
has been reported,1,2 some authors have described 
a bone mass steady state that is achieved in the 
chronic phase of injury.3 Lower extremity bone 
mineral density is closely related to fracture risk, 
with a threshold for increased lower extremity 

fracture risk occurring when bone mineral density 
has declined by 36%.4 

Fragility fractures among individuals with 
SCI often occur in the absence of trauma and 
are caused by routine activities of daily living 
such as transferring to the car from a wheelchair, 
low velocity falls on a flexed knee, torsion of the 
distal extremity, or bumping unseen objects.5,6 
The presence of a fracture introduces a myriad of 
potential medical complications; 54% of patients 
with SCI who sustain a fracture have postfracture 
complications such as respiratory illness, pressure 
ulcers, cellulitis, urinary tract infections, and 
depression.7,8 This increased risk of complications 
persists for 12 months post fracture and results in 
hospitalization rates 7 times longer than those that 
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are not fracture related.7,9 Risk of mortality also 
increases following lower extremity fracture in 
men with SCI and adjusted hazard ratios (aHR) of 
1.38 (95% CI, 1.15-1.61) have been reported, with 
heightened risk among men over 50 years of age 
(aHR, 3.42; 95% CI, 2.75-4.25).10 

As many as 50% of individuals with SCI will 
experience a fracture during their lifetime.11 
Previous studies have identified 1-year incident 
fracture rates of 2.8% in a cohort of men with 
chronic SCI living in the United States and 
2.2% in a cohort of men with chronic or acute 
paraplegia living in Switzerland.2,7,10 Several factors 
limit the inferences that can be made from these 
studies, including sample size and the inclusion of 
predominantly male participants with traumatic 
motor complete paraplegia, which limits their 
applicability to persons in the SCI community 
with alternate gender, heritage, or impairment. 

Previously identified risk factors for fracture after 
SCI are female gender,4 family history of fragility 
fracture,12 and SCI-specific characteristics, including 
age younger than 16 years old at injury onset,13 
injury duration greater than or equal to 10 years,4,8 
motor complete injuries,5,8,9 and paraplegia.14 
Modifiable risk factors for fracture include alcohol 
intake greater than 5 servings per day,9 body mass 
index (BMI) less than 19,4 prescription opioid use,15 
and anticonvulsant therapy.16 

The purpose of this study was to report the 
1-year incidence of fracture and describe the 
prevalence of osteoporosis in a large community 
cohort of Canadians with chronic, traumatic SCI. 
In addition, we sought to report the associated 
rates of treatment and limitations of fragility 
fracture and osteoporosis on daily activities. 
A third objective was to enable fracture risk 
stratification in the absence of medical imaging 
(ie, dual-energy x-ray absorptiometry [DXA]) 
based on 4 previously identified fragility fracture 
risk factors: duration of injury, sex, completeness 
of injury (motor or sensory), and level of injury 
(paraplegia vs tetraplegia). 

Methods

This investigation was part of a community 
survey to identify current health care needs and 
utilization of Canadians living in the community 

with SCI. The survey was completed in a Web-
based or telephone format, in English or French, 
based on participant preference. The detailed 
survey methodology is published elsewhere.17,18 

Participants

Eligible participants were adults older than 
18 years of age with a traumatic SCI living in 
the community for at least 1 year. Participants 
were recruited through national and local media 
campaigns, and information was provided to 
relevant community stakeholder groups for 
distribution. 

SCI Health Questionnaire: Comorbidities

The SCI Health Questionnaire (SCI-HQ) was 
created as a comprehensive community follow-up 
questionnaire and includes 13 items referring 
to the most common comorbidities that may 
negatively influence health post SCI. The reliability 
and construct validity of this measure has been 
established in the SCI population.17 

Two comorbidities related to bone health are 
fracture and osteoporosis. For each question, 
participants were asked to indicate whether they had 
experienced fracture or osteoporosis in the previous 
12 months and, if so, whether they had received 
some form of treatment and to what extent the 
problem limited their activities, measured on a scale 
from not at all to completely.  Fracture incidence and 
osteoporosis prevalence were defined through self-
report and a positive response and were not verified 
by medical imaging. Previous literature in the able-
bodied population has validated the use of this 
approach for large public health surveys.19 

Ethical approval was obtained from a national 
review board (Institutional Research Board 
Services) in addition to relevant institution-
specific boards. Informed consent was obtained 
either via online form and electronic signature 
or verbally, if the survey was completed over the 
telephone. 

Data analysis

Data from the survey questions are presented 
as percentages (counts) or mean ± SD. Fracture 
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and osteoporosis cohorts were compared using 
a test for the equality of proportion (R software, 
version 3.0.0) for categorical variables and a 
2-way analysis of variance (ANOVA; Fracture 
x Osteoporosis) for continuous variables. 
Bivariate associations between fracture incidence, 
osteoporosis prevalence, and covariates (risk 
factors) were assessed using chi-square tests. Effect 
sizes are expressed as odds ratios (OR) with their 
95% confidence intervals. We considered P < .05 to 
be statistically significant. 

Results

Participants

A total of 1,137 participants (age 48.3 ± 13.3 
years) with chronic (18.0 ± 13.1 years post 
injury) traumatic SCI (C1-T12; American Spinal 

Injury Association Impairment Scale [AIS] 
A-D) completed the survey (Table 1). Gender 
distribution, impairment characteristics, and 
age of the reported sample are consistent with 
national averages.20 Based on interpretation of 
the International Standards for Neurological 
Classification of Spinal Cord Injury (ISNCSCI), 
we classified individuals according to the AIS 
and assumed those reporting a sensory-complete 
injury as AIS A and those reporting motor 
complete injury as AIS A or B. The majority of 
the sample (60%) lived in an urban environment 
with a population greater than 100,000 and were 
English speaking (77%). 

Fracture incidence and osteoporosis prevalence 

Overall, 7.4% and 21.5% of participants reported 
experiencing a fracture or having osteoporosis, 

Table 1. Characteristics of the survey respondents  

Variable Entire cohort Fracture cohort
Osteoporosis 

cohort P a

n 1,137 84 (7.4%) 244 (21.5%)

Gender
     Male 806 (71%) 57 (68%) 139 (57%) .1039
     Female 331 (29%) 27 (32%) 105 (43%)

Age, years 48.3 (13.3) 47.8 (11.4) 49.6 (11.7) .0514

Years post injury 18.5 (13.1) 19.6 (12.6) 23.4(13.1) .2356

First language
     English 877 (77%) 65 (77%) 209 (86%) .111
     French 260 (23%) 19 (23%) 35 (14%)

Location of residence (population)
     >100,000 673 (60%) 48 (60%) 157 (66%) .2959
     10,000-100,000 196 (18%) 13 (16%) 31 (13%) .6475
     <10,000 244 (22%) 19 (24%) 50 (21%) .7969

Location of residence (Canadian region)
     Atlantic 116 (10%) 9 (11%) 28 (11%) 1.000
     Quebec 275 (24%) 22 (26%) 35 (14%) .0212
     Ontario 245 (22%) 20 (24%) 71 (29%) .4281
     Prairies 274 (24%) 21 (25%) 53 (22%) .6393
     British Columbia 227 (20%) 12 (14%) 57 (23%) .1085

Type of lesion
     Complete tetraplegia 139 (12%) 21 (25%) 52 (21%) .5831
     Incomplete tetraplegia 426 (37%) 25 (30%) 79 (32%) .7578
     Complete paraplegia 305 (27%) 28 (33%) 71 (29%) .5542
     Incomplete paraplegia 267 (23%) 10 (12%) 42 (17%) .3292

Note:  Values are frequency (%) or mean (SD) for age and year postinjury variables. 
aCalculated from test for the equality of proportion or group interaction (Fracture x Osteoporosis) of analysis of variance (for age and years 
postinjury variables).
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respectively, over the previous 12 months (Table 
1). Corresponding rates of treatment were  84.5% 
for those with fracture and 64.8% for those 
with osteoporosis. Concerning the effects of the 
problem, 38.1% of respondents indicated activity 
limitations “to a great extent” following fracture, 
whereas the most frequent response (41.0%) 
was “not at all” among individuals reporting 
osteoporosis (Table 2). 

Fracture risk profiles

Table 3 displays the associations between 
fracture incidence and osteoporosis prevalence 
and previously identified risk factors. Osteoporosis 
was the most strongly associated with fracture 
incidence (OR, 4.3; 95% CI, 2.72-6.89; P < .00), 
followed by having a sensory (AIS A) and motor 
(AIS A or B) complete injury. 

Discussion

In this large community cohort of 1,137 adults 
with chronic, traumatic SCI, approximately 1 
in 10 (7.4%) individuals reported experiencing 
a fracture in the past 12 months and nearly 1 
in 4 participants reported having osteoporosis 
(21.5%).  Consistent with previous reports 

establishing the relationship between bone mineral 
density and fracture risk, the results of the present 
study identify osteoporosis as a strong correlate 
of fracture among adults with chronic SCI.21 The 
known risk factors for fragility fracture among 
men with motor complete SCI, including duration 
≥ 10 years and having motor or sensory complete 
injury impairment, were also noted correlates of 
self-reported osteoporosis among the population 
sample with gender, culture, and impairment 
heterogeneity.  These findings suggest that these 
fracture risk factors can help guide clinical decision 
making in the absence of or in conjunction 
with diagnostic imaging, specifically DXA, for 
diagnosing osteoporosis. 

Osteoporosis is largely asymptomatic; in the 
absence of proper screening practices, it is often 
undetected until a lower extremity fracture occurs. 
In the SCI population, there is an increased 
necessity for routine osteoporosis and fracture 
screening due to the observed high fracture-
related morbidity and mortality.7,10 Further, 
many individuals with complete injuries may not 
be aware of the occurrence of a fracture due to 
decreased or impaired cutaneous and deep tissue 
sensation. 

Despite self-reported bone health screening 
practices between 54% and 82% 22,23 among health 
care providers, a recent retrospective review of 
postfracture care across 4 Veterans Affairs Medical 
Centers in the United States revealed that less than 
5% of individuals with SCI had a DXA scan in the 
year before or after fracture.6 The lack of proper 
screening practices and awareness among health 
care providers suggests that current practices are 
likely failing to identify persons at high risk of 
fracture, thereby limiting the ability to prevent 
fracture occurrence.

The frequency of fracture observed in the current 
SCI survey is higher than what has been reported 
in the general Canadian population (1.3% in 1 
year),24 postmenopausal women (4.6% in 4 years),25 
and similar populations with neurological disease, 
including multiple sclerosis (2.4% in 4 years for all 
fractures; 1.6% in 4 years for fragility fractures).26  
Economic burden of incidence and prevalence 
fractures among Canadians older than 50 years 
has been estimated at $9.2 billion, with a cost ratio 

Table 2. Self-reported frequency of receiving 
treatment for fracture or osteoporosis and associated 
activity limitations 

Item

Fracture 
frequency 

(%)

Osteoporosis 
frequency 

(%)

Have experienced in last 12 months 84 (7.4) 244 (21.5)

Did you receive treatment for this 
problem?
     Yes 71 (84.5) 158 (64.8)
     No 13 (15.5) 86 (35.2)

To what extent did it limit your 
activities?
     Not at all 3 (3.6) 100 (41.0)
     Very little 16 (19.0) 79 (32.4)
     To some extent 18 (21.4) 49 (20.1)
     To a great extent 32 (38.1) 11 (4.5)
     Completely 15 (17.9)  5 (2.0)
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that is similar to episodes of coronary heart disease 
and stroke.24 In the SCI population, we would 
estimate the per-case cost to be much higher due 
to the increased risk of secondary complications, 
hospitalization, disability, and mortality.7,9,10 Thus, 
we believe bone health awareness has become an 
urgent and important public health issue for the 
SCI population. 

The discordance between participants who 
reported having osteoporosis and the percentage 
that reported receiving treatment, a finding that 
has been reported previously,8 identifies a gap in 
service provision for this high-risk population 
and likely indicates that the true prevalence of 
osteoporosis and incidence of fracture in the 
SCI population is underestimated by the current 
investigation. In a recent prospective cohort study 
completed by our research team, participants in 
Ontario who participated in regular bone health 
screening protocols and who reported adherence 
to therapy reported rates of fracture that were 
much higher at 26% (0.14 fractures/person-year) 
over a 2-year period, and only 39% reported 
osteoporosis diagnosis post fracture.27 

Although we have previously published clinical 
paradigms for diagnosis and management of 
sublesional osteoporosis to assist clinician decision 
making,28 we propose the REACT framework as 
a population health campaign and a necessary 
strategy to engage the individuals with SCI, their 
family, members of their support network, and 
relevant health care providers in prioritizing 
bone health (Figure 1). This model identifies a 

continuum of fracture prevention for persons at 
risk, persons with an osteoporosis diagnosis, and 
persons with a fracture. Health care providers 
should Recognize bone health status, Educate 
patients on the importance of maintaining good 
bone health, obtain an Annual assessment of 
bone status (including SCI-specific fracture risk 
assessment tools and DXA), Classify those who 
are at high risk, and provide therapy as indicated 
with routine assessment of Therapy adherence 
and effectiveness using Spinal Cord Injury 
Rehabilitation Evidence (SCIRE) as a guide (www.
scireproject.com/rehabilitation-evidence/bone-
health).29

Study limitations

A detailed discussion of general limitations 
of the SCI Community Survey is published 
elsewhere.18 The most relevant issue relating to 
this article is the self-reported nature of the data, 
specifically demographic-related correlates, recall 
of osteoporosis diagnosis, and fracture occurrence. 
Further, the timeline for self-report was 12 months, 
and the presence of osteoporosis is likely to span 
multiple years, with possible resolution and/or 
recurrence of fractures, information that was not 
captured. Similarly, it is not possible to clearly 
define the timeline for osteoporosis diagnosis and 
fracture occurrence, and it is possible that the 
strong relationship observed between osteoporosis 
and fracture is due to the diagnosis of osteoporosis 
concurrent with or after fracture onset. In a sample 

Table 3. Relationships between fracture and osteoporosis frequency and identified fracture risk factors. 

Variable
Fracture  

OR (95% CI) P
Osteoporosis 
OR (95% CI) P

Osteoporosis 4.3 (2.72 – 6.89) < .001 – –
Female gender 1.2 (0.72 – 1.88) .533 2.4 (1.74 – 3.17) <.001
Paraplegia 0.8 (0.51 – 1.25) .330 0.8 (0.62 – 1.09) .178
Having 3 or more risk factorsa 1.4 (0.90 – 2.23) .128 2.4 (1.78 – 3.18) <.001
> 10 years post injury 1.2 (0.76 – 1.99) .397 3.0 (2.10 – 4.23) < .001
Motor complete injury (AIS A or B) 1.7 (1.10 – 2.72) .017 1.9 (1.42 – 2.55) < .001
Sensory complete injury (AIS A) 2.2 (1.38 – 3.50) .001 2.0 (1.47 – 2.63) < .001

Note: AIS = American Spinal Injury Association Impairment Scale.
aAge at injury, duration of injury, motor complete injury, sensory complete injury, paraplegia, female.
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of able-bodied Canadians, Cadarette et al have 
reported that the self-report of a clinical diagnosis 
of osteoporosis was better among persons with a 
fragility or low trauma fracture, suggesting that 
the observed estimate of osteoporosis prevalence 
is likely an underestimate.19 Further, the survey 
method also precludes us from reporting true 
fracture incidence, as we did not verify fracture 
occurrence or the timeline for fracture occurrence. 
Further, the inability of the current routine practice 
of measuring lumbar spine and hip region bone 
mineral density and estimating fracture risk based 
on fracture risk assessment (FRAX) criteria may 
result in underdiagnosis, as the FRAX tool does 
not apply to men or premenopausal women under 
50 years of age and may not adequately predict 
lower extremity fractures following SCI.30 Thus, 
we believe the present SCI Community Health 
Survey data represent an underestimation of the 

current prevalence of osteoporosis and the annual 
1-year fracture incidence among the Canadian SCI 
population. It is also not possible for us to describe 
what treatment was received for either fracture or 
osteoporosis and whether it was effective.

Conclusions

The high incidence of self-reported fracture and 
prevalence of osteoporosis combined with a low 
frequency of routine bone health assessment and/
or treatment in the SCI community identifies an 
urgent need for screening and prevention strategies 
to combat the progression of declining sublesional 
hip and knee region bone mass, osteoporosis 
onset, and subsequent fragility fracture. Our 
findings indicate that osteoporosis occurred more 
frequently than fracture; however, treatment rates 
were higher and activity limitations were greater 

Figure 1. Model of care for the prevention of sublesional osteoporosis and fragility fracture in the spinal cord 
injury population according to the principles outlined in the REACT framework. 
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among those reporting a fracture. Diagnosis of 
osteoporosis at time of fracture is unacceptable; 
health service reforms that include primary and 
secondary prevention strategies are required. 
Given that osteoporosis or low bone mass was the 
variable most strongly associated with fracture, 
there is the theoretical potential to reduce fragility 
fracture in this population, with maintenance of 
sublesional bone mass. 
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