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Abstract

Fractures in elderly are an important public health issue, especially as incidence increases with age, and the
population of elderly people is growing. Function and quality of life may deteriorate drastically after a fracture.
Detecting the most prevalent risk factors of fractures may help preventing further fractures and decrease their
functional and economic burden.

Objectives: To assess fracture risk among elderly living in geriatric homes and detect the most prevalent risk factors
of fractures

Methods: This Cross sectional study was performed among 100 elderly (> 60 years) subjects including both males
and females living in four geriatric homes in Cairo, Egypt, in the time period between June 2014 and September
2015. Comprehensive geriatric assessment was obtained, then fracture risk calculators to estimate the absolute risk
of fractures were applied for each participant including; Fracture Risk Assessment Tool (FRAX) (without bone
mineral density measurement), Q fracture, and Garvan tool.

Results: The prevalence of fractures in the included geriatric homes was 21%. The most prevalent risk factor of
fractures is recurrent falls (49%) and the least prevalent risk factor is chronic kidney disease (2 %). There was a
statistically significant difference between subjects with history of fractures and subjects without regarding history
of recurrent falls in the last year, prolonged Timed up and go test and functional impairment (P<0.05). The cutoff of
significant 10 year major osteoporotic fracture risk according to FRAX, Q fracture and Garvan is 7.1%; 17.5%and
19% respectively. The cutoff of significant 10 year hip fracture risk according to FRAX, Q fracture and Garvan is
3%; 5.7% and 2 % respectively.

Conclusion: According to the current study Garvan tool has the highest sensitivity and FRAX tool has the highest
specificity to calculate the estimated 10 year risk of hip and major osteoporotic fracture
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Introduction

Elderly are more prone to develop fractures due to many risk factors as osteoporosis and many other independent
risk factors as frequent falls, slow gait, visual impairment, functional impairment, many medical illnesses and drugs
2).

Osteoporosis is a common disease characterized by low bone mass with microarchitectural disruption and skeletal
fragility that result in an increased risk of fracture, particularly at the spine, hip, wrist, humerus, and pelvis (2).
Osteoporotic fractures (fragility fractures, low-trauma fractures) are those occurring from a fall from a standing
height or less, without major trauma (3). Hip fracture has been recognized as the most serious problem resulting from
osteoporosis because it leads to chronic pain, disability, diminished quality of life and premature death (4).

Regarding falls, 30 to 40% of elderly people living in the community and 50% of nursing home residents have a fall,
every year, falls cause >40% of nursing home admissions and are the 71" cause of death in people >65 (5).

Many studies stated that incidence of fracture in institutionalized elderly is generally higher than the general
population; residents are generally more frail than elderly living in the community. They tend to be older with
greater limitations in their activities of daily living. They also have more chronic illnesses, are physically dependent,
and have a higher prevalence of gait problems (6).

Function and so quality of life deteriorate dramatically after a fracture; at least 50% of elderly people who were
ambulant before fracturing a hip do not return to their previous level of function. After falling, elderly people may
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fear of falling again, that's why mobility is reduced because confidence is lost. Some people even avoid certain
activities as shopping and cleaning because of this. Decreased activity may increase joint stiffness and weakness,
further reducing mobility (5).

Moreover, most fractures occur in patients having T-scores better than -2.5, so treatment strategies relying on bone
mineral density measurement only will miss many patients who are at risk of fractures and might benefit from
interventions that reduce fracture risk (7). Thus assessment of clinical conditions or risk factors independent of bone
mineral density measurement is important for the prediction of fracture (8).

Many risk assessment tools have been used to predict the probability of fractures and the need of drug therapy
accordingly (9).

One of the most famous tools is the WHO Fracture Risk Assessment Tool (FRAX) which predicts the 10-year
probability of major osteoporotic fractures (i.e. hip, spine, forearm, or humerus) and hip fracture using clinical risk
factors for fractures alone or with femoral neck bone mineral density (10).

Other fracture risk assessment tools as the Q fracture tool, a risk prediction algorithm used to estimate absolute risk
of osteoporotic fracture and hip fracture in primary care (11) and the Garvan fracture risk calculator, that was
developed by the Garvan Institute of Medical Research which is valid and can be used in identifying individuals at
high risk of fracture (12).

.Methods

Study design

A Cross sectional study. 100 elderly (> 60 years) subjects including men and women living in four nursing homes in
Cairo were recruited in the time period between June 2014 and September 2015. All residents admitted to the
included nursing homes who agreed to participate in the study were included while those who refused to participate
in the study were excluded.

At first, comprehensive geriatric assessment was obtained (with a special consideration to risk factors of falls),
weight and height were measured then fracture risk calculators to estimate the absolute risk of fractures were applied
for each participant including;

a- Fracture Risk Assessment Tool (FRAX), which estimates the 10-year probability of hip fracture and major
osteoporotic fracture (hip, clinical spine, proximal humerus, or forearm), using clinical risk factors for fracture (age,
gender, BMI, history of personal fracture, history of parental hip fracture, smoking status, glucocorticoids use,
alcohol intake, and presence of rheumatoid arthritis or secondary osteoporosis) alone or in combination with femoral
neck BMD (g/cm?, using dual energy x-ray absorptiometry [DXA]), in the current study the FRAX score used was
FRAX without BMD we used [FRAX-body mass index (BMI)].

b- Q fracture, which calculates the risk of developing any osteoporotic fracture or hip fracture alone by entering
some simple clinical data. An updated version was developed in 2012 to improve the use of Q Fracture, such as
extending the age range to patients older than 85 years and including additional variables as previous fragility
fracture, ethnic group, epilepsy and use of anticonvulsants, care home residency, additional inflammatory
arthropathies, chronic obstructive airways disease, type 1 diabetes, and other causes of immobility (such as
Parkinson’s disease or dementia).

c- Garvan tool, developed by the Garvan Institute of Medical Research allows individuals to make informed
judgments about their actual risk of having an osteoporotic fracture by entering risk factors as age, gender, number
of falls in the past year, and number of fractures since age 50 years. As with FRAX, Garvan was calculated with
BMI and not BMD.

Ethical considerations
Informed consent was taken from each elderly participating in this study. The study methodology was reviewed and
approved by the board of the Geriatrics and Gerontology Department, Faculty of medicine, Ain Shams University.

Statistical methods

Analysis of data was performed by using version 20 of the Statistical Package for Social Science (SPSS). Data were
expressed as mean and standard deviation (SD) for all quantitative variables. Frequency and percentage for all
qualitative variables was calculated. Comparison between quantitative variables was done using t-tests to compare 2
groups. Comparison of qualitative variables was carried out using the Chi-square test. A P < 0.05 (two sided) was
considered significant. Receiver operating characteristic (ROC) curve analysis was used to assess the ability of each
calculator to discriminate between individuals who sustained any fracture and those who did not.
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Results

According to presence of positive history of fractures our study concluded that the prevalence of fractures in the
included nursing homes was 21%.

The mean age of our study population is 72.15 years with standard deviation £8.78 with 49 male and 51female
patients

The most prevalent risk factor of fractures in geriatric homes according to the current study is recurrent falls (49%)
[Falls < 2 last year (28%) and falls >2 last year (21%)] and the least prevalent risk factor is chronic kidney disease
(CKD) (2 %). Other prevalent risk factors are Functional impairment in instrumental activities of daily living
(IADL) (35%), Timed Up & Go Test (TUGT) >14 seconds (34%), functional impairment in activities of daily living
(ADL) (32%), depression by geriatric depression score (GDS) (26%). (Table 1)

We divided the subjects recruited in this study into 2 groups; Group I, includes subjects with history of fractures and
Group I, includes subjects without history of fractures.

There was a statistically significant difference between subjects with history of fractures (Group 1) and subjects
without (Group 1) as regards history of recurrent falls in the last year, prolonged Timed Up & Go Test and
functional impairment in ADL and IADL (P<0.05). However there was no statistically significant difference
between both groups as regards diabetes mellitus, dementia, epilepsy, history of parent osteoporotic fracture, visual
and hearing impairment, liver cirrhosis, cancer, COPD and Depression. (Table 2)

Group | had the higher mean of estimated 10 year fracture risk according to the three risk assessment tools (FRAX,
Q fracture and Garvan) than Group Il with high statistically significant difference between the two groups
(P<0.001). (Table 3)

Table (4) and Figures (1and 2) show that the cutoff for significant 10 year risk of hip fracture by the FRAX tool is
>3% with specificity 89.9% and sensitivity 66.7% and accuracy87%, and the cutoff of 10 year major osteoporotic
fracture risk according to FRAX is >7, with sensitivity 76.2% and specificity 87.3% with accuracy 90.3%.

Also, the cutoff of 10 year hip fracture risk according to Garvan is >2, with sensitivity 85.7% and specificity 73.4%
with accuracy 85.2%, and the cutoff of 10 year major osteoporotic fracture risk according to Garvan tool is >19,
with sensitivity 95.2% and specificity78.5% and accuracy 93.9%

Moreover, the cutoff of 10 year hip fracture risk according to Q fracture tool is >5.7, with sensitivity 71.4% and
specificity 85.9% and accuracy 80.9%, and the cutoff of 10 year major osteoporotic risk according to Q fracture tool
is >17.5%, with specificity 97.5% and sensitivity 61.9% and accuracy 85.1%.

According to the current study Garvan tool has the highest sensitivity to calculate the estimated 10 year risk of hip
and major osteoporotic fracture with accuracy 85.2 and 93.9 respectively and FRAX tool has the highest specificity
to calculate the estimated 10 year risk of hip and major osteoporotic fracture according to the current study with
accuracy 87 and 90.3 respectively.

Tables
Table (1): Prevalence of risk factors of fractures in the geriatric homes included in the study
Risk factors of fractures Number of cases %

Recurrent Falls 49 49.00

Diabetes Mellitus 36 36.00

Visual Impairment 36 36.00

Functional impairment in IADL 35 35.00

*TUGT >14 seconds 34 34.00

Functional impairment in *ADL 32 32.00

Falls < 2 last year 28 28.00

Depression by *GDS 26 26.00

Falls >2 last year 21 21.00

*COPD 16 16.00

Liver cirrhosis 8 8.00

Parental fracture 4 4.00

Cancer 4 4.00

Dementia 3 3.00

Epilepsy 3 3.00

*CKD 2 2.00
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*TUGT: Timed up and go test, *IADL.: instrumental activities of daily living, *ADL.: activities of daily living,
*GDS: geriatric depression score, *COPD: chronic obstructive pulmonary disease, *CKD: chronic kidney
disease

Table (2): Comparison of clinical risk factors between subjects with history of fractures (Group I) and subjects without
(Group I1).

Fracture groups

. chi-square
Risk factors of fractures
Group | Group 11 Total

N % N % N % X2 P-value
*DM 8 | 38.10 | 28 | 35.44 | 36 | 36.00 | 0.050 0.822

Dementia 1476 | 2 | 253 | 3 | 3.00 | 0.254 | 0.615

Falls <=2 last year 12 | 57.14 | 16 | 20.25 | 28 | 28.00 | 26.794 | 0.000

Falls > 2 last year 8 [38.10 | 13| 16.46 | 21 | 21.00 | 26.794 | 0.000

Epilepsy 1| 476 | 2 | 253 | 3 | 3.00 | 0.254 0.615
Parent Fracture 2|1 952 | 2 2.53 4 | 400 | 1.726 0.189
*TUGT> 14 13 16190 | 21 | 26.58 | 34 | 34.00 | 10.909 | 0.004

Visual impairment 9 | 4286 | 27 | 3418 | 36 | 36 0.533 0.465

Hearing impairment 5 (2381 6 | 759 | 11| 11.00 | 3.786 0.052

Depression by *GDS 7 (3333 |19 | 2405 | 26 | 26.00 | 1.138 0.566

Functional impairment | ;5 | g1 95 | 19 | 24.05 | 32 | 32.00 | 10.301 | 0.001

in *ADL
Functional impairment | 15| 61 99 | 22 | 27.85 | 35 | 35.00 | 9.886 | 0.007
in *IADL
*COPD 2 | 952 | 14| 17.72 | 16 | 16.00 | 0.916 | 0.338
Cancer 0000|4506/ 4| 40 | 1.930 | 0165
Liver cirrhosis 1 4.76 7 8.86 8 8.00 | 0.027 0.870
*CKD 0| 000 |2/ 253 | 2] 200/ 0954 | 0329

*DM: Diabetes mellitus*TUGT: Timed up and go test, *IADL: instrumental activities of daily living,
*ADL: activities of daily living, *GDS: geriatric depression score, *COPD: chronic obstructive pulmonary
disease, *CKD: chronic kidney disease

Table (3): Estimated 10 years risk of fracture according to the risk assessment tools (FRAX, Q fracture and Garvan)
between subjects with history of fractures (Group 1) and subjects without (Group I1).

I Fracture groups ‘ T-test I
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| Group | | Group Il | T | P-value
*FRAX
. Range | 3.90 - 2200 ] 170 - 12.00
* (o)
Major % ocantsD | 1075+ 477 | 449+ 208 | o0t | 0.000
. Range | 1.00 - 960 | 020 - 640
FHIP%  eonssD | 450 250 | 158 = 129 | (07 | 0000
Q fracture
. Range 2.40 - 32.90 0.80 - 21.60
* (o)
Major % 1= can+sD 18.79 + 10.08 6.13 + 4.77 8.268 | 0.000
. Range 1.00 - 32.90 0.30 - 21.60
“HIP% N eantsD 15.18 + 11.17 3.75 + 4.06 7.464 | 0.000
Garvan
. Range 9.00 - 100.00 2.00 - 51.00
* o)
Major % 1= cantsD 55.24 + 26.15 12.73 + 11.44 11.089 1 0.000
Range 0.30 - 97.00 0.00 - 24.00
*in O,
HIP% 1 MeantsD 26.66 + 31.03 231 + 391 6.864 | 0.000

*FRAX: Fracture risk assessement tool, *Major %: percentage of major osteoporotic fractures, *Hip %o:
percentage of hip fractures

Table (4): Cutoff of 10 year risk of hip fracture and major osteoporotic fracture according to FRAX, Garvan tool and Q
fracture tool

ROC curve between Group | and Group Il as regard:
Cutoff Sensitivity Specificity | PPV NPV Accuracy
*Tﬁsx > 3% 66.7% 89.9% | 636 | 910 87.0%
*
FRAX | S 71% 76.2% 87.3% | 615 | 932 90.3%
Major
*
Gsirr‘)’a” > 20 85.7% 73.4% 462 | 95.1 85.2%
*Garvan | g, 95.2% 785% | 541 | 984 93.9%
Major
*Qfm;t“re >5.7% 71.4% 859% | 577 | 918 80.9%
*Qfracture > 0 0 )
Major 17 5% 61.9% 97.5% 86.7 | 906 85.1%

*FRAX Hip: Hip fractures according to fracture risk assessment tool, *FRAX Major: Major osteoporotic
fractures according to fracture risk assessment tool, *Garvan Hip: Hip fractures according to Garvan tool,
*Garvan Major: Major osteoporotic fractures according to Garvan tool, *Q fracture Hip: Hip fractures
according to Q fracture tool, *Q fracture Major: Major osteoporotic fractures according to Q fracture tool.
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Figure(1): AUC curve between Group | and Group 11 as regard FRAX hip %, Q-fracture hip % and Garvan hip %.
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Figure(2): AUC curve between Group | and Group Il as regard FRAX Major %, Q-fracture Major % and Garvan
Major %.

Discussion

The current study showed that prevalence of fractures in geriatric homes was 21% and that prevalence of previous
falls was 49%. Many researchers studied the prevalence of falls and fractures in nursing homes in different countries
and the results vary widely according to the equipments available in nursing homes, application of fall prevention
programs, degree of frailty and associated comorbidities of residents included in each study.

The cross sectional study of Del Duca et al. (13) done at long term care facilities in Brazil showed that prevalence
of falls was 38.9%, and among those who experienced falls 19.2% developed fractures. On the other hand Neutel et
al. (14) found that prevalence of falls in nursing homes in Canada was 55%.

In the current study the most prevalent fracture risk factor in geriatric homes in Cairo was previous falls (49%) (2
falls or less last year 28%, more than 2 falls last year 21%). The comparison between subjects who sustained
fractures and others who didn’t as regard this factor showed a high statistical significance (P.value = 0.000). This
can be compared to Greenspan et al. (15) who concluded that a fall to the side is one of the most important
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independent risk factors for hip fracture in long term facilities. Also Chen et al. (16) and Egan et al. (17) all agreed
with these results.

Diabetes mellitus is the second most prevalent risk factor in the current study (36%), however it doesn’t show a
statistical significance between the two groups of the study (p-value: 0.82). This may be attributed to that most of
our study subjects had a short duration of Diabetes with only few complications.

Previous studies showed a controversy as regard Diabetes as a risk factor of bone fractures. Janghorbani et al. (18)
found an association between diabetes and increased risk of hip fracture; however type 2 Diabetes was weakly
associated with fractures at other sites. On the other hand, other studies showed that there was no statistically
significant difference regarding incidence of fractures between controls and diabetics (19, 20).

Visual impairment is the third prevalent risk factor in the current study (36%), however it didn’t show a statistically
significant difference between both groups (p-value: 0.46). This may be attributed to that visual impairment in most
of the subjects was mild and didn’t affect their function or activity pattern. However other studies showed a
significant relation between visual impairment and bone fractures as (21, 22).

As regard functional impairment in ADL and IADL in the current study, their prevalence was 35% and 32%
respectively, they showed a statistically significant difference between the two study groups (p-value 0.007 and
0.001 respectively). Most of the studies agreed with that result (15, 23).

As regard the Timed up and Go Test (TUGT), prolonged TUGT >14 seconds was highly prevalent (34%) and was
statistically significant between both groups (p-value: 0.004). Other previous studies agreed with this study
regarding this factor. Karlsson et al. (24) found that low performance in physical ability tests such as 6-m walk and
20-cm narrow walk test in elderly men is associated with recurrent falls which in turn increases risk of falls. Also
Kauppi et al. (25) stated that maximal walking speed was a significant and independent predictor of hip fracture.
Regarding depression as a risk factor of fractures, in the current study the prevalence of depression was 26%,
however it didn’t show a statistically significant difference between the two groups of the study which is not
consistent with other studies. This may be related to that most of the depressed subjects in the current study suffered
from mild degrees of depression according to the geriatric depression score and because most of them didn’t use
antidepressants which increase risk of fractures. Wu et al. (26) found an association between depression and
increased risk of fractures and bone loss which is sometimes mediated by antidepressants. Ping et al. (27) reported
similar findings.

As regard COPD, its prevalence in the current study was 16%, it was more prevalent in the group of the subjects
who didn’t sustain fractures but without any statistically significant difference between the two groups of our study.
This is not consistent with other studies as Chen et al. (28) and Graat-Verboom et al. (29) and may be related to the
low prevalence of COPD in the current study and the fact that most of the study subjects were not heavy smokers
and didn’t receive regular steroids (which increases risk of fractures) as their conditions were mild.

Factors as liver cirrhosis, dementia, epilepsy, parental osteoporotic fractures and chronic kidney disease, although
are important risk factors of fractures, but their low prevalence in the current study (8%, 3%, 3%, 4% and 2%
respectively) diminished their statistical significance between both groups.

The presence of previous fragility fractures is considered an independent risk factor for development of future bone
fractures (30). This is consistent with the current study where the subjects in group | (those with previous fractures)
had higher estimated 10 year risk of fractures according to the three risk assessment tools.

Regarding the estimation of 10 year risk of major osteoporotic and hip fracture by FRAX, the mean risk for group |
(those who sustained fractures) was (10.75) = 4.77 and (4.50) + 2.50 respectively while it was lower in the other
group (4.49) + 2.08 and (1.58) + 1.29 respectively with high statistical significance (P-value: 0.000). This is
consistent with other studies as the study of Edwards et al. (31) who concluded that a history of previous fractures
increases estimated 10 year fracture risk by FRAX significantly.

Also Regarding the estimation of 10 year risk of major osteoporotic and hip fracture by Q fracture, the mean risk for
group | was (18.79) + 10.08 and (15.18) + 11.17 respectively while it was lower in group Il (6.13) £ 4.77 and
(3.75) £ 4.06 respectively with high statistical significance (P-value: 0.000). This agrees with the study of
Hippisley-Cox and Couplan (32) which concluded that history of previous fractures significantly increased
estimated 10 years risk of fractures according to the Q fracture tool.

As with the previous tools the estimated 10 year risk of major osteoporotic and hip fracture by Garvan tool for
group | was (55.24) + 26.15 and (26.66) + 31.03 respectively, while it was lower in group Il (12.73) £ 11.44 and
(2.31) £ 3.91 respectively with high statistical significance (P-value: 0.000). This is consistent with the study of
Ahmad et al. (12) who found that sustained fractures had higher percentage in their estimated risk according to
Garvan risk calculator.

The current study showed that cut off for estimated 10 year risk of major osteoporotic fracture and hip fractures
according FRAX is >7% and >3% respectively, which is lower than the cutoff of the current guidelines for
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treatment. (The current cutoff is >20% forl0 year risk of major osteoporotic and >3% for 10 year risk of hip
fracture).

However, these guidelines are based upon a United States-specific economic analysis and intervention thresholds
have been estimated for other countries and country-specific guidelines are available or are in development.

In Greece the cost effective threshold for treatment according to FRAX , thresholds were 2.5% and 10 % for hip
fracture and major osteoporotic fracture respectively under the age of 75, while for older patients, the thresholds
were 5% and 15 %, respectively (33). Another study conducted on postmenopausal Chinese women considered a
threshold of 9.5% for major osteoporotic fracture significant for treatment (34). In the United Kingdom, treatment
was cost effective only when the 10-year probability of a major fracture exceeded 7% (8).

In addition, this study showed that cutoff for major osteoporotic and hip fracture risk according to Q fracture is
>17.5% and >5.7% respectively, and >19% and >2% respectively according to Garvan tool.

By reviewing previous studies there is no generally agreed threshold regarding the definition of high risk for Garvan
and Q fracture. The 10-year hip fracture risk at which intervention is cost-effective varied with different ages and
countries. For women starting therapy at an age of 70 years, the intervention threshold varied from a hip fracture
probability of 5.6% to 14.7% % in Japan and Spain respectively (35). It was considered cost-effective when the 10-
year hip fracture probability reached approximately 3% in the USA model (36).

In the current study Garvan risk assessment tool had the higher sensitivity to estimate the 10 year risk of major
osteoporotic and hip fractures than the other tools used in this study, while FRAX had the higher specificity.

Thus FRAX tool is considered less sensitive which is consistent with many other studies, which stated that FRAX
underestimated risk of fractures. This is probably due to some limitations as lack of measurement of physical
activity and vitamin D deficiency in the algorithm. FRAX also does not take into consideration dose-response
relationships, i.e. FRAX does not make a difference between one versus multiple fractures, different doses and
duration of glucocorticoids use, and different doses and duration of use of alcohol or smoking. It also does not
consider characteristics for prior fractures such as number, severity, and type (8).

In a prospective study, 506 postmenopausal women aged >60 years were followed for 5 years and incidence of new
fractures was detected. 8.9% only of those who sustained a fracture had an estimated risk of fracture >20% using
FRAX compared with 53.3% using Garvan. Although both underestimated the observed fracture risk, the Garvan
performed significantly better for women who sustained a fracture (i.e. higher sensitivity) and FRAX for women
who did not sustain a fracture (i.e. higher specificity) (10). Also Rubin, (37) in a Meta analysis concluded that a
simple fracture assessment tool as Garvan is more predictive than complex tools as FRAX and Q fracture.

Bolland et al. (9) checked the performance of the FRAX and Garvan Institute fracture risk calculators in
postmenopausal women with normal bone mineral density (BMD) for their age and concluded that, none of the
calculators provided a better discrimination than models based on age and BMD, and their discriminative ability was
only moderate, which may decrease their clinical utility. Also, Sambrook et al. (38) stated that a simple model that
includes age and prior fracture only performs as well as more complex models when BMD is unknown.

Conclusion

Prevalence of fractures in geriatric homes in Cairo according to our study is 21%.The most prevalent risk factor for
fractures is recurrent falls with 49%, while the least prevalent risk factor is chronic kidney disease (2%). Garvan tool
is considered the most sensitive in predicting the 10 year risk of hip and major osteoporotic fractures, while FRAX
is considered the most specific tool to calculate such risk.
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