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ABSTRACT
Purpose: The aim of this study was to ascertain the frequency of osteoporosis
and 10-year hip-fracture risk in patients with post-stroke hemiplegia using two
different assessment algorithms.
Method: Seventy-seven patients with post-stroke hemiplegia ≤1 year
who were admitted to the stroke unit of a tertiary rehabilitation hospital were
included in this cross-sectional study. All patients underwent bone density
assessment. Fracture risk assessment tool (FRAX) and QFracture were both
used to calculate the 10-year risk probability for hip fracture. Receiver operating
characteristic curves were investigated for FRAX and QFracture.
Results: Fifteen patients (19.5%) had osteoporosis, and 39 (50.6%) had
osteopenia based on dual-energy X-ray absorptiometry measurements. FRAX
hip scores were ≥ 3 in 7 patients (9.1%). Ten-year hip-fracture risk was high in 26
patients (33.8%) using QFracture. Six patients (7.8%) had low-energy fractures
after stroke. Fracture sites were hip in 2 patients, 1 humerus, 1 forearm, and 2
in lower extremities. The receiver operating characteristic area under curve was
0.804 (% 95 CI 0.665-0.943, p = 0.002) for FRAX and 0.758 (% 95 CI 0.615-0.901,
p = 0.009) for QFracture. Cut-off values for the estimation of hip osteoporosis
for FRAX and QFracture tools were 1.15 and 1.55, respectively.
Conclusion: Findings indicated that 70.1% of patients in this study had
osteoporosis or osteopenia within the first year following a stroke. Ten-year
hip-fracture risk was 9.1% by FRAX and 33.8% by QFracture. Results of FRAX
and QFracture assessment tools demonstrated a significant relationship
between ten-year hip-fracture risk and bone mineral density.
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INTRODUCTION
Fracture risk increases after stroke due to decreased
bone density and high fall tendency (1–3). Patients
with stroke have 1.4-2.4-fold increased hip fracture
risk (4). Advanced age, female gender, a history of
previous fractures or falls, having diseases that affect bone metabolism, diminished mental status,
and atrial fibrillation may all be risk factors for hip
fracture in stroke patients (2,3,5).
Although the fracture risk is high in people with
hemiplegia, there are no standardized screening
tests. Fracture risk assessment in hemiplegic patients is essential prophylactic prevention of fractures and in identifying the individuals who need
osteoporosis treatment. Bone mineral density
(BMD) assessment is helpful in recognizing patients
with osteoporosis and determining their fracture
risk. Usually, osteoporosis treatment is advised for
patients with BMD T-scores ≤ –2.5 at lumbar spine
and/or femoral neck. People with BMD T-scores
between –1 and –2.5 are diagnosed as having osteopenia and can be treated for increased fracture
risk. BMD measurement can be performed after
vital signs are stable in clinical practice, especially
for stroke patients at high risk of osteoporosis. Dual-energy X-ray absorptiometry (DXA) measurement
rate is very low among stroke patients (6). Stroke is
a serious health problem with various complications
other than osteoporosis (7). For this reason, importance of screening for osteoporosis and assessing
high fracture risk may be overlooked.
Fracture Risk Assessment Tool (FRAX) and
QFracture are absolute fracture risk prediction algorithms (8,9). However, the efficacy of these tests in
determining hip-fracture risk in stroke patients has
not been clearly established. The FRAX tool helps
identify individuals with high fracture risk associated with osteoporosis and in determining the need
for treatment. FRAX is considered superior to BMD
measurement alone in treatment decision-making
(8). Twelve items are examined with FRAX, including the presence of secondary osteoporosis. In fact,
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there are more diseases that may lead to secondary
osteoporosis. No item in FRAX deals with falls that
may have been influenced by medical treatment.
Stroke may lead to secondary osteoporosis due to
immobilization and hemiplegia but it is not presented as a cause of secondary osteoporosis in FRAX.
The QFracture tool was developed in England to
calculate the risk of osteoporotic fracture including
hip fractures. QFracture was especially promoted
for determining both absolute osteoporotic and
hip-fracture risks in the primary care setting. The
fracture risk calculation with QFracture can be performed in two ways. First, fracture risk is assessed
by the clinician according to existing electronic records. Second, the items can be completed by the
patient because the test does not involve laboratory or other empirical testing. Items such as fragility, fracture history, etnic group, epilepsy, and the
use of antidepressants, living in a nursing home,
inflammatory arthropathies, chronic obstructive
pulmonary disease (COPD), type I diabetes mellitus, Parkinson’s disease, and dementia leading to
immobilization were added to this algorithm in 2012
(9). Both FRAX and QFracture tools can be used to
predict hip-fracture risk (10–12), but there is no algorithm specific to stroke for identifying patients
who need osteoporosis treatment.
The aim of this study was to assess the rate of
osteoporosis and to compare the efficacy of FRAX
and QFracture algorithms in identifying patients
with high hip-fracture risk at one year after stroke.
METHODS
Hundred patients with hemiplegia admitted to
the inpatient stroke rehabilitation unit between
01.03.2016-30.11.2016 were screened in this
cross-sectional study. Stroke diagnosis was made
clinically and verified by magnetic resonance imaging studies. Exclusion criteria were age under 40
years, post-stroke duration >12 months, a history of
osteoporosis, use of antiresorptive drugs, and hav-
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ing a condition affecting bone metabolism. One patient (28 years) was excluded due to very young age.
In addition, fourteen patients whose disease durations were >12 months and eight patients who had
a previous diagnosis of osteoporosis were excluded
from the study. Seventy-seven patients with hemiplegia were enrolled. Disability was assessed by the
Modified Rankin Scale which is a valid and reliable
test for stroke patients (13). It has six stages: Grade
1 indicates the patients without significant disability,
whereas grade 5 indicates severe disability. Grade
6 denotes death. Ambulation status was recorded
as non-ambulatory, therapeutic ambulation, household ambulation, and functional ambulation.
Written informed consent was obtained from all
patients. The study was approved by the hospital
ethical committee.
Bone density measurement
Lumbar region and non-hemiplegic femur neck
BMD values were measured using dual-energy
X-ray absorptiometry (Lunar Dpx, Pro) and T-scores
were recorded. Non-hemiplegic hip bone density values were used in this study. The hemiplegic
proximal femur bone density measurement may not
be feasible due to factors such as previous fracture
or hip prosthesis, heterotopic ossification, and improper positioning of the leg caused by spasticity
or contractures. T-score is the standard deviation of
the patient’s BMD measurement scores from those
of a young healthy adult. Lumbar region and/or
femur neck T-scores ≤ –2.5 indicate osteoporosis,
and T-scores between –2.5 and –1 are diagnosed as
osteopenia. Low BMD values indicate a higher fracture risk (14).
Fracture Risk Assessment Tool (FRAX)
FRAX is recognized by the World Health Organization for estimation of ten-year major osteoporotic
or hip-fracture risks (15). FRAX is an easy web-based
tool that helps estimate the probability of ten-year
fracture risk as a percentage (16). Age, sex, race,
height, weight, body mass index, previous fragility

fracture, family hip-fracture history, treatment with
oral glucocorticoids, rheumatoid arthritis, other
conditions that may cause secondary osteoporosis,
smoking, and daily alcohol intake are inquired in
the FRAX. It can be used with or without femur neck
BMD values. FRAX without BMD is usually accepted
as adequate for making treatment decisions (15,17).
In this study, FRAX without BMD was used to compare the results of different tools for the patients
who have no access to DXA measurement.
QFracture
The QFracture tool is used to predict the tenyear hip or osteoporotic fracture risk in clinical settings, including primary care. It can also be used
as a web-based self-assessment tool (18). BMD
values and other laboratory tests are not required
for calculating the score. QFracture was updated in
2012 (9). Risk factors questioned in QFracture are
age, sex, ethnicity, body mass index, weight, height,
smoking, alcohol use, previous fractures or family
history of fractures, hormone replacement therapy, menopausal symptoms, endocrine problems,
treatment with glucocorticoids, disorders that lead
to secondary osteoporosis (type I diabetes, chronic hyperthyroidism, premature menopause, chronic
malnutrition, chronic liver disease), asthma, cardiovascular disease (heart attack, angina, stroke, TIA),
history of falls, malabsorption, Parkinson’s disease,
rheumatoid arthritis, SLE, type 2 diabetes, epilepsy
or use of anticonvulsants, and treatment with antidepressants. Stroke is appraised as a separate risk
factor in QFracture. Completing the QFracture is
more time-consuming than the FRAX. QFracture
scores are expressed as a percentage for both 10year osteoporotic and hip-fracture risks. It has been
shown that a cut-off value of 5.3% would identify
3295 (59.8%) of the 5509 women with a hip fracture
over the next 10 years. Similarly in men the cutoff value for hip fracture was determined as 1.3%
with 64.3% sensitivity. Cut-off values are adapted
from 10-year predicted risk for hip fracture in the
validation cohort by Hippisley-Cox J (9). QFracture
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has been developed in England, however, the validation of QFracture for the other countries has not
been done (19).
STATISTICAL ANALYSIS
The suitability of the data was evaluated with the
Shapiro-Wilk test and homogeneity was evaluated with the Levene test. Scale data were shown as
arithmetic mean ± standard deviation or ordinal
data were given as median (minimum-maximum)
and categorical data were expressed as n (%). The
receiver operating characteristic (ROC) curves were
evaluated for several variables based on the cut-off
value that maximizes both sensitivity and specificity of the tools. Test variables were FRAX without
BMD and QFracture; the state variable was the
presence of osteoporosis according to T-scores of
femoral neck and lumbar spine. The ROC curve was
constructed, and the area under curve (AUC) and
its 95% confidence interval (CI) were estimated. A p
value ≤ 0.05 was considered statistically significant.
The SPSS 22.0 (IBM Corporation) program was used
for variable analyses.
RESULTS
Demographic features and clinical characteristics
are summarized in Tables 1 and 2. Fifteen patients
(19.5%) had osteoporosis and 39 (50.6%) had osteopenia. Non-hemiplegic hip T-scores were ≤ –2.5
in 10 patients (13.0%) and between –1 and –2.5 in
35 patients (45.5%). Mean FRAX 10-year hip-fracture score was 1.4 ± 2.0. Seven patients (9.1%) had
FRAX hip scores ≥3. Mean QFracture score for hip
fracture was 2.5 ± 3.5. Ten-year hip-fracture risk was
high in 26 patients (33.8%) using QFracture. Six patients (7.8%) had low-energy fractures after stroke.
Fracture sites were hip in 2 patients, 1 humerus, 1
forearm, and 2 in lower extremities.
The ROC curves of FRAX without BMD and
QFracture for the risk of osteoporosis are shown in
Figure 1. All variables were found valid for predict-
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Table 1. Demographic characteristics
Age (yrs)

62.2 ± 11.1

Female/Male (n , %)

27/50 (35.1/64.9%)

Married/Single (n, % )

56/21 ( 72.3/27.3%)

BMI (kg/m² )

26.9 ± 4.4

Time since stroke (mos)

3.9 ± 2.6

Right/left hemiplegia (n, %)

38/39 (49.4/50.6%)

Ischemic/haemorrhagic (n, %)

67/10 (87.0/13.0%)

Data were given as the arithmetic mean ± standard deviation or
number (percent)

ing risk of hip osteoporosis. The area under the ROC
curve was 0.804 (% 95 CI 0.665-0.943, p = 0.002) for
FRAX and 0.758 (% 95 CI 0.615-0.901, p = 0.009) for
QFracture. Cut-off values for the estimation of hip
osteoporosis for FRAX and QFracture tools were
1.15 and 1.55, respectively (Table 3).

Table 2. Clinical characteristics
Brunnstrom stage Upper Extremity

2 (1-6)

Brunnstrom Stage Lower Extremity

3 (1-6)

Modified rankin scores

3 (1-5)

Ambulation status

3 (1-5)

FRAX score

1.4 ± 2.0

QFracture score

2.5 ± 3.5

Intact femur neck BMD (g/ cm²)
Intact femur neck T-score

0.903 ± 0.156
-1.1 ± 1.1

Data were given as the median (min-max) or arithmetic mean±
standard deviation
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Figure 1. Area under curve of FRAX and QFracture for hip
osteoporosis

the acute phase following stroke due to many systemic problems. After discharge, access to DXA is
usually not easy because of transportation difficulty
of the disabled person or accompanying medical
conditions. Thus, fracture risk assessment tools can
help identify patients who need treatment to prevent low-energy trauma fractures.
An interesting finding of this study is that 9.1%
and 33.8 % of the patients had increased 10-year
hip-fracture risk according to the FRAX and QFracture tools, respectively. Fall history and neurological diseases including stroke are inquired in the
QFracture tool; however, FRAX does not contain
any stroke-related items. In a study conducted with
Parkinson’s disease patients, it was found that the
fracture risk is mildly lower as assessed by FRAX
compared to evaluations by QFracture (21). The
rate of stroke patients having high 10-year hip-fracture risk was lower by FRAX in this study, in parallel
with findings in previous research.

DISCUSSION
In this study, 19.5 % of the patients with hemiplegia
≤ 1 year post-stroke had osteoporosis and 50.6%
had osteopenia. The osteoporosis risk increased
1.77-fold after stroke (20). However, routine DXA
scanning may not be possible in patients with hemiplegia. In a recent study, the bone density measurement rate was reported as low as 5.1% at one year
after stroke (6). Moreover, the authors concluded
that only 15.5% had medical treatment for osteoporosis. DXA measurement is usually not possible in

10-year hip fracture risk calculated with QFracture was found significantly higher that the risk
calculated with FRAX among women in an osteoporosis outpatient clinic in a previously (22). FRAX
and QFracture results are found correlated in the
patients with a history of low-trauma hip fracture or
injury risk in another study (12). On the other hand,
the authors concluded that FRAX is less effective in
determining hip-fracture risk. QFracture was found
to perform better in identifying patients with a history of falls and determining the treatment threshold. QFracture and FRAX yielded high discriminato-

Table 3. Comparison between cut-off values, sensitivities, and specificities of the tools involved in osteoporosis risk assessment
State
Variable

Test Result
Variables

AUC (95% CI)

P value

Cut-off
value

Jouden
index

Sensitivity

Specificity

Hip OP

FRAX-hip fx

0.804 (0.665-0.943)

0.002

1.150

0.501

0.800

0.701

Hip OP

QFracture-hip fx

0.758 (0.615-0.901)

0.009

1.550

0.497

0.900

0.597

AUC: area under curve, OP osteoporosis, CI: confidence interval, fx: fracture
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ry performance for hip fracture prediction, however,
QFracture is thought to be slightly better in a retrospective cohort study with more that 1 million individuals between ages 50-90 (11).
In our study, there was a correlation between
FRAX and QFracture results. FRAX scores were significantly high in patients with previous hip and/
or peripheral fractures. In addition, among the
patients with or without fracture history, no significant difference was detected in terms of QFracture
scores. Because of the limited number of the patients with previous fractures, we cannot claim one
tool is better than the other.

teoporosis can be predicted at the plegic hip with
a sensitivity of 75%. When the QFracture hip-fracture score is > 4.8%, osteoporosis can be predicted at the plegic hip with a sensitivity of 75%. Some
screening tools, including FRAX, were previously
reported to be reliable for estimating osteoporosis
in postmenopausal women, in line with our results
(26).

In this study, six patients (7.8%) had low-energy
fractures with a mean disease duration of 3 months.
Fracture sites were hip and lower and upper extremities. The hip fracture rate was 2.6%. Lower extremity fractures are common after stroke (23). In a
population-based study, 2-year low-trauma fracture
frequency was reported to be 5.7%, whereas femur
fracture rate was 2.8% in stroke (5).

The main strength of our study is, to our knowledge, it is the first report that compares FRAX and
QFracture tools in patients with hemiplegia. A
limitation is that QFracture was developed for England, and it has not been validated in Turkey, yet.
Lacking long-term follow-up due to its cross-sectional design is another limitation. There were no
patients with osteoporosis diagnosis before stroke
but not all of them had DXA measurement previously. Moreover, the results cannot be generalized
to all stroke patients, because this study included
patients with hemiplegia who were admitted to a
tertiary rehabilitation hospital.

According to the ROC curves, both osteoporotic
fracture risk estimation tools were found satisfactory
as compared with BMD values. The predictive value
of the tools was determined according to the area
under the ROC curve (AUC) as follows: non-predictive (AUC < 0.5), less predictive (AUC: 0.5–0.7),
moderately predictive (AUC: 0.7–0.9), highly predictive (AUC: 0.9–1), and perfectly predictive (AUC = 1)
(24, 25). If the FRAX hip-fracture score is > 1.2%, os-

In conclusion, almost three-fourths of patients
have osteoporosis or osteopenia within one year
following stroke in this study. QFracture may be
better for the hip fracture risk assessment because
of the items related with stroke, although it is not
validated epidemiologically in Turkey. Stroke-specific fracture tools are needed in performing risk
assessment for patients who cannot access BMD
measurement.
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