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INTRODUCTION

Osteoporosis is defined as diminished bone strength which increases an 
individual’s fracture risk, especially with low impact trauma 1. The compli-
cations of fractures in this vulnerable group include hospitalization, insti-
tutionalization, lesser quality of life, disability and death  2. Unfortunately, 
despite its negative health consequences, it is still a major public health 
problem 3. Aging of the population in the Middle East and Africa means 
that the financial, medical and social burden will rise substantially 4. Indeed, 
mortality rates post-hip fracture may be higher in this region than reported 
rates in the West, where rates vary between 25-30%. In the Middle East 
and Africa region they are 2-3 times greater 5. Hence, the importance of 
diagnosis before the occurrence of a fragility fracture is indisputable 3.

Background & aims. FRAX is used to calculate the 10-year absolute 
risk for hip or “any major” fracture. It can be applied with/without DXA 
scores, in countries like Egypt where there is no calculator available, 
a neighboring country calculator is used. Our aim was to determine 
whether FRAX without DXA scores was reliable for calculating fracture 
risk, and which neighboring population was closest to ours.
Methods. A hospital based convenient sample study was conducted 
on patients referred to the outpatient radiology department for DXA 
over 12 months from Nov 2018 - Dec 2019. 395 patients, aging from 
40-90 years, were included. Fracture risk probability was calculated us-
ing 9 calculators (Abu Dhabi, Iran, Jordan, Kuwait, Lebanon, Morocco, 
Palestine, Syria, Tunisia). This was done with and without BMD femoral 
neck obtained from DXA scan. 
Results. There were 71 men and 324 women. There was a consider-
able agreement between the calculated risk and treatment decisions 
using FRAX tool with or without inclusion of BMD. Regarding sensitivity 
and specificity for which country calculator to base treatment decisions 
on; the sensitivity was relatively low with the highest sensitivity (17%) 
using Kuwait, Lebanon and Syria and the lowest using Tunisia (0%). 
The specificity was much higher with the highest specificity (100%) us-
ing Jordan, Kuwait, Morocco and Palestine and the lowest specificity 
using Lebanon (98.6%).
Conclusions. We can use FRAX without BMD scores for treatment de-
cisions, but there is a need for population studies about hip fractures in 
Egypt to formulate our own FRAX.
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The WHO defines osteoporosis by measuring bone 
mineral density (BMD) using dual-energy x-ray absorp-
tiometry (DXA). But this definition fails to identify those 
at risk of sustaining fragility fractures despite having 
BMDs above the diagnostic threshold. In fact, a greater 
total number of fractures occurs in these individuals 6. 
The fracture risk assessment (FRAX) is an assess-
ment tool developed by the World Health Organization 
(WHO)  7. It is used to calculate the patient’s 10-year 
absolute risk for hip or “any major” fracture (including 
fractures of the hip, wrist, humerus, or spine). This is 
calculated from age, body mass index (BMI), and risk 
factors including prior fragility fracture, parenteral his-
tory of hip fracture, current tobacco smoking, long-
term oral glucocorticoid use, rheumatoid arthritis, other 
causes of secondary osteoporosis and excessive alco-
hol consumption 8.
The FRAX risk calculator is the most widely used, and it 
can be applied with or without including DXA scores 7.
The availability of DXA scans varies worldwide 6, and in 
Egypt it is not accessible to all those at risk. According 
to the IOF’s regional report in 2011, in Morocco, Syria, 
Egypt and Bahrain, DXA scanners are found mostly in 
big cities and private clinics  4. In addition, when cal-
culating fracture risk, we use calculators provided for 
neighboring Middle Eastern or North African countries 
(usually Jordan or Tunisia).
The aim of this work was to determine whether FRAX 
without DXA scores was reliable for calculating fracture 
risk and determining which neighboring population was 
closest to ours.

PATIENTS AND METHODS

A hospital based convenient sample study was conduct-
ed on patients referred to the outpatient radiology depart-
ment for densitometry measurement for a period of 12 
months from November 2018 to December 2019. A total 
number of 395 patients in the age group 40 to 90 years, 
of both sexes were included for the study. We excluded 
patients whose body weight was greater than 125 kg as 
the DXA machine couldn’t accommodate them.
Height and weight were recorded for all patients. In-
formed consent was taken from all participants.
Patients were asked about risk factors to be entered 
in the FRAX tool. These risk factors include history of 
prior fracture, family history of parental fracture, current 
smoking, long term glucocorticoids use, rheumatoid ar-
thritis, secondary osteoporosis and alcohol consump-
tion. Hip DXA was obtained using the GE lunar Prodigy, 
DPX DXA system analysis version 13.6 (manufactured 
by GE healthcare). As per guideline of WHO, subjects 
were categorized based on SD into normal BMD (-1 

and above) low BMD (osteopenia, between-1 and 
< 2.5) and osteoporosis (-2.5 and below).
Fracture risk probability was calculated by entering 
patients’ information on the FRAX calculator available 
online (http://www.sheffield.ac.uk/FRAX/tool) for Mid-
dle East and Africa region (Abu Dhabi, Iran, Jordan, 
Kuwait, Lebanon, Morocco, Palestine, Syria, Tunisia). 
BMD femoral neck obtained from DXA scan was en-
tered in the FRAX tool to compute FRAX with BMD 
fracture probability in terms of risk of major osteoporotic 
fracture (hip, spine, wrist and humerus).
Thus, we obtained FRAX with BMD and FRAX without 
BMD values for major osteoporotic fracture for all par-
ticipants, and we compared agreeability of these results 
regarding treatment decision. We also compared sen-
sitivity and specificity of using FRAX without BMD with 
the different regions if used for Egyptian patients. 
SPSS (version 20, IBM SPSS statistics for windows) 
was used for analysis of and all data. Descriptive sta-
tistics were used to report mean, standard deviation, 
standard error of deviation, percentage and range. Sta-
tistical significance was set at p < 0.01. After running 
the normality test on data, Pearson correlation was ap-
plied. Correlation between risk probabilities obtained for 
Major Osteoporotic fracture by the FRAX without BMD 
and FRAX with BMD was compared.

RESULTS

A total number of 395 patients with an average age of 
58.74 ± 10.82 (range 40.2 to 87.1 years) were included 
in the study. There were 71 men and 324 women. The 
mean height was 161.37 cm ± 8.93, the mean weight 
was 83.37 kg ± 17.14 and the mean BMD T score at 
the femoral neck was -0.97 ± 1.22.
According to the femoral neck BMD T score 47 (11.9%) 
patients had osteoporosis and needed pharmacologic 
treatment according to the Pan Arab Osteoporosis So-
ciety Guidelines for Osteoporosis Management 9, whilst 
348 patients (88.1%) didn’t have osteoporosis and 
didn’t need pharmacologic therapy.
The prevalence of the different risk factors calculated in 
FRAX risk assessment score is shown in Figure 1. The 
most frequent risk factor was female gender, followed 
by the presence of secondary Osteoporosis, parental 
history of hip fracture, previous fragility fractures, having 
Rheumatoid arthritis, being an active smoker, and hav-
ing received glucocorticoids.
Table  I shows the mean major osteoporotic fracture 
probabilities with or without inclusion of BMD in FRAX 
tool respectively, by calculating the scores using the 
9 different ethnicities available in the Middle East and 
Africa region. 

http://www.sheffield.ac.uk/FRAX/tool
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Table II shows the proportion of patients with os-

teoporosis needing pharmacologic treatment using 

the major osteoporotic fracture probabilities with or 

without inclusion of BMD in FRAX tool respectively 

(according to the Pan Arab Osteoporosis Society 

Guidelines for Osteoporosis Management) and by 
calculating the scores using the 9 different ethnicities 
available in the Middle East and Africa region. Treat-
ment decision was not significantly affected by using 
FRAX without BMD.
We used Cohen’s kappa coefficient to determine agree-
ability between treatment decisions used with FRAX 
without BMD using the 9 calculators. There was only 
slight agreeability with Abu Dhabi, Jordan, and Pales-
tine, a moderate agreeability with Kuwait and Iran, and 
substantial agreeability with Lebanon and Syria (see 
Table III).
We compared the treatment decisions based on the 
FRAX tool without BMD and the decision based on the 
BMD T score alone using different ethnicities to ascer-
tain which ethnicity was most sensitive and specific, so 
it can be used in the Egyptian population until sufficient 
data is available to have the Egyptian ethnicity in the 
FRAX tool calculator (as shown in Table IV). 
Unfortunately, the sensitivity was relatively low, with the 
highest sensitivity (17%) using Kuwait, Lebanon and 
Syria and the lowest using Tunisia (0%). The specificity 

Figure 1. The prevalence of the different risk factors calcula-
ted in FRAX risk assessment score.

Table I. The mean major osteoporotic fracture probabilities with or without inclusion of BMD in FRAX tool calculated with the 9 dif-
ferent ethnicities available in the Middle East and Africa region.

  With BMD Without BMD

Mean ± SD Median (IQR) Range Mean ± SD Median (IQR) Range
Abu Dhabi 4.32 ± 6.09 2.8 (1.6-4.7) 0.4-75 3.74 ± 3.71 2.6 (1.5-4.5) 0.4-23
Iran 5.46 ± 6.5 3.6 (2.3-6) 1.1-72 4.81 ± 4.37 3.3 (2.1-5.9) 0.9-24
Jordan 4.85 ± 6.23 3.3 (2-5.3) 0.5-75 4.28 ± 4.08 3 (1.9-5.4) 0.4-29
Kuwait 5.05 ± 6.16 3.3 (2.2-5.4) 1.1-71 4.45 ± 4.21 2.95 (2.1-5.3) 0.5-33
Lebanon 4.2 ± 6.46 2.1 (1.1-4.6) 0.4-75 4.02 ± 5.88 1.8 (1-4.1) 0.3-45
Morocco 2.79 ± 4.15 1.8 (1-3) 0.4-54 2.42 ± 2.39 1.6 (1-2.9) 0.4-15
Palestine 4.72 ± 5.93 3.3 (2-5.1) 0.4-69 4.09 ± 3.6 2.9 (1.9-5.2) 0.4-22
Syria 4.14 ± 6.37 2.05 (1.1-4.5) 0.4-74 3.95 ± 5.73 1.8 (1-4) 0.3-44
Tunisia 1.13 ± 3.87 0.7 (0.4-1) 0-74 0.83 ± 0.67 0.6 (0.4-1) 0.2-4.6

Table II. The proportion of patients with osteoporosis needing pharmacologic treatment using the major osteoporotic fracture prob-
abilities with or without inclusion of BMD in FRAX tool respectively.

  With BMD Without BMD McNemar

No need Needs treatment No need Needs treatment P-value sig.
Abu Dhabi 389 (98.48%) 6 (1.52%) 392 (99.24%) 3 (0.76%) 0.453 NS
Iran 385 (97.47%) 10 (2.53%) 387 (97.97%) 8 (2.03%) 0.727 NS
Jordan 389 (98.48%) 6 (1.52%) 389 (98.48%) 6 (1.52%) 1 NS
Kuwait 387 (97.97%) 8 (2.03%) 387 (97.97%) 8 (2.03%) 1 NS
Lebanon 385 (97.47%) 10 (2.53%) 382 (96.71%) 13 (3.29%) 0.453 NS
Morocco 393 (99.49%) 2 (0.51%) 395 (100%) 0 (0%) 0.5 NS
Palestine 389 (98.48%) 6 (1.52%) 393 (99.49%) 2 (0.51%) 0.219 NS
Syria 384 (97.22%) 11 (2.78%) 383 (96.96%) 12 (3.04%) 1 NS
Tunisia 393 (99.49%) 2 (0.51%) 395 (100%) 0 (0%) 0.5 NS
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was much higher with the highest specificity (100%) 
using Jordan, Kuwait, Morocco and Palestine and the 
lowest specificity using Lebanon (98.6%).
Table V aims to identify the correlation between Frax 
with and without BMD with T scores. All the ethnici-
ties, whether with or without BMD, were significantly 
inversely correlated with femoral neck t score with a 
range of r from -0.38 (Tunisia with BMD) to -0.642 (Iran 
with BMD). The correlation was always stronger using 
FRAX with BMD than without BMD except in Tunisia 

where with was slightly weaker (-0.38) than without, 
which had a moderate correlation with r value -0.461. 

DISCUSSION

Currently there is no FRAX calculator for the Egyptian 
population due to a lack of a local hip fracture database. 
The FRAX website provides it for 9 different countries 
in the Middle East and Africa region (Abu Dhabi, Iran, 

Table III. Degree of agreement between using FRAX without DXA and T-score alone, and the decision to treat.

Calculator used With T-score Total Agreement

No need Needs treatment % Kappa p-value
Abu Dhabi FRAX 
without BMD

No need 387 (98.0%) 5 (1.2%) 392 (99.2%) 98.2% 0.2 < 0.001
Needs 

treatment
2 (0.5%) 1 (0.3%) 3 (0.8%)

Iran FRAX without 
BMD

No need 382 (96.7%) 5 (1.3%) 387 (98.0%) 98.0% 0.5 < 0.001
Needs 

treatment
3 (0.8%) 5 (1.3%) 8 (2.0%)

Jordan FRAX 
without BMD

No need 384 (97.2%) 5 (1.3%) 389 (98.5%) 97.5% 0.2 0.002
Needs 

treatment
5 (1.3%) 1 (0.3%) 6 (1.5%)

Kuwait FRAX 
without BMD

No need 383 (97.0%) 4 (1.0%) 387 (98.0%) 98.0% 0.5 < 0.001
Needs 

treatment
4 (1.0%) 4 (1.0%) 8 (2.0%)

Lebanon FRAX 
without BMD

No need 380 (96.2%) 2 (0.5%) 382 (96.7%) 98.2% 0.687 < 0.001
Needs 

treatment
5 (1.3%) 8 (2.0%) 13 (3.3%)

Morocco FRAX 
without BMD

No need 393 (99.5%) 2 (0.5%) 395 (100%)  

Palestine FRAX 
without BMD

No need 388 (98.2%) 5 (1.3%) 393 (99.5%) 98.5% 0.2 < 0.001
Needs 

treatment
1 (0.25%) 1 (0.3%) 2 (0.5%)

Syria FRAX without 
BMD

No need 380 (96.2%) 3 (0.8%) 383 (97.0%) 98.2% 0.7 < 0.001
Needs 

treatment
4 (1.0%) 8 (2.0%) 12 (3.0%)

Tunisia FRAX 
without BMD

No need 393 (99.5%) 2 (0.5%) 395 (100%)  

Table IV. Sensitivity and specificity of using FRAX without BMD using different calculators.

  Sensitivity Specificity PPV NPV Accuracy
Abu Dhabi without 4.3% 99.7% 66.7% 88.5% 88.4%
Iran without 8.5% 98.9% 50.0% 88.9% 88.1%
Jordan without 12.8% 100.0% 100.0% 89.5% 89.6%
Kuwait without 17.0% 100.0% 100.0% 89.9% 90.1%
Lebanon without 17.0% 98.6% 61.5% 89.8% 88.9%
Morocco without 0.0% 100.0%   88.1% 88.1%
Palestine without 4.3% 100.0% 100.0% 88.5% 88.6%
Syria without 17.0% 98.9% 66.7% 89.8% 89.1%
Tunisia without 0.0% 100.0%   88.1% 88.1%
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Jordan, Kuwait, Lebanon, Morocco, Palestine, Syria, 
and Tunisia). So, when a physician in Egypt uses the 
calculator they will choose one of the above (Jordan 
and Tunisia are most frequently used). In situations 
where there is no FRAX model for a country a repre-
sentative country with similar fracture incidence can be 
chosen 10.
Another problem is that DXA scans are not readily avail-
able to all those who need screening. Our aim was to 
address this issue by comparing FRAX with DXA scores 
to FRAX without; to find out which ethnicity was most 
sensitive and specific in detecting fracture risk in Egyp-
tian patients, and relate these to the need to treat.
In our study we found that 11.9% of those referred for 
DXA scanning were actually Osteoporotic. This was 
slightly higher than the prevalence of Osteoporosis in 
Orthopedic outpatient clinics in Southern India, which 
was 9% in those older than 55 years respectively 11. 
The FRAX calculator takes into account age, gender, 
body mass index (BMI), and the following risk factors; 
prior fragility fracture, parenteral history of hip fracture, 
current tobacco smoking, long-term oral glucocorticoid 
use, rheumatoid arthritis, other causes of secondary 
osteoporosis and excessive alcohol consumption. 
In the studied sample the most frequent risk factor was 
female gender, followed by the presence of secondary 
Osteoporosis, parental history of hip fracture, previous 
fragility fractures, having Rheumatoid arthritis, being an 
active smoker, and having received glucocorticoids.

In our study we compared FRAX score with BMD to 
FRAX score calculated without using the 9 different cal-
culators. We found that there was no significant differ-
ence between the scores. This agreed with the findings 
of several studies 12,13. On the other hand, Ilias et al. 14 
showed that in Greek women using FRAX without BMD 
did not accurately reflect fracture risk. 
We also determined the agreement with treatment 
decision between using FRAX score with and without 
BMD using the 9 selected calculators (as determined 
by the Pan Arab Osteoporosis Society Guidelines for 
Osteoporosis Management)  9. The strength of agree-
ability varied between the different countries, with sub-
stantial agreeability with Lebanon and Syria, moderate 
agreeability with others (Kuwait and Iran), and slight 
agreeability with Abu Dhabi, Jordan, and Palestine.
A cross sectional study carried out on Pakistani women 
concluded that using FRAX to calculate risk without 
using DXA scores could efficiently predict treatment 
need in those at risk. According to the authors DXA 
scans were also not easily accessible their country 15. 
Another study carried on a historical cohort by Leslie et 
al.,  16 also supported this statement by asserting that 
FRAX without BMD is sufficient for treatment decisions. 
Kim et al.,  17 echoed these findings in their work and 
observed that since using FRAX without BMD was ac-
curate, this would be useful in regions were DXA scans 
could not be done.
On the other hand, there are studies which disagree. 
One such study observed that when calculating FRAX 
without BMD there was an over estimation of fracture 
risk 18. A Korean study found that in males there was 
an underestimation of fracture risk when BMD was not 
used, whilst females there was no difference between 
using BMD or not  19. But in both studies, it must be 
stated that they included special groups of patients; 
females with early breast cancer in the former, and pa-
tients with ankylosing spondylitis in the later.
Another conclusion reached by Bow et al., is that ulti-
mately BMD scores are important in refining the esti-
mate of fracture risk 20.
When we compared treatment decisions based on 
FRAX without BMD (calculated using the 9 country 
calculators), to treatment decisions based on T scores 
alone to determine which calculator was most sensitive 
and specific the following was observed; the sensitiv-
ity was relatively low with the highest sensitivity (17%) 
using Kuwait, Lebanon and Syria and the lowest us-
ing Tunisia (0%). The specificity was much higher with 
the highest specificity (100%) using Jordan, Kuwait, 
Morocco and Palestine and the lowest specificity using 
Lebanon (98.6%).
According to Kanis et al. 21, who performed a systematic 
review of hip fracture incidence and fracture probability 

Table V. Correlation between FRAX with and without BMD with 
T-scores of the studied group.

Femoral neck T-score

r P-value sig
Abu dhabi -0.613 < 0.001 S
Abu dhabi without BMD -0.471 < 0.001 S
Iran -0.642 < 0.001 S
Iran without BMD -0.467 < 0.001 S
Jordan -0.629 < 0.001 S
Jordan without BMD -0.47 < 0.001 S
Kuwait -0.632 < 0.001 S
Kuwait without BMD -0.451 < 0.001 S
Lebanon -0.598 < 0.001 S
Lebanon without BMD -0.408 < 0.001 S
Morocco -0.596 < 0.001 S
Morocco without BMD -0.47 < 0.001 S
Palestine -0.626 < 0.001 S
Palestine without BMD -0.479 < 0.001 S
Syria -0.598 < 0.001 S
Syria without BMD -0.408 < 0.001 S
Tunisia -0.38 < 0.001 S
Tunisia without BMD -0.461 < 0.001 S
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worldwide, there is a marked variation around the world. 
Accordingly, using calculators from different countries 
may not accurately reflect true fracture risk. This can 
explain why there was such low sensitivity, and highlight 
the need for creating an Egyptian Hip fracture registry to 
enable the creation of an Egyptian calculator.
A significant inverse correlation was observed between 
FRAX with/out BMD and femur neck T score.

CONCLUSIONS

In conclusion, our findings demonstrate that, for the 
time-being, we can use FRAX without BMD scores 
to decide who we can offer treatment to. This is very 
important in our country because currently DXA scans 
cannot be offered to all those who need it. But because 
the sensitivity of the different regional calculators often 
used for the Egyptain population was relatively low, to 
reiterate what was said above, there is a pressing need 
to start collecting information about hip fractures at the 
population level in Egypt.
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