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Abstract
Objective: It was aimed to compare the values of bone mineral density (BMD) measurements made of patients in the osteoporosis (OP) unit
in the provinces of Muğla and Erzurum provinces and to determine OP prevelance.
Materials and Methods: The data were evaluated of a total of 3862 patients aged over 50 years, who were included in the study. Of
patients; ages, sex, and body mass index (BMI) were recorded. Patients in Muğla were included in the 1st group, and patients in Erzurum
were included in the second group. The BMDs of the spine (L1-4) and hip (femur neck) in both groups were measured using the dual energy
X-ray absorptiometry (DEXA) method.
Results: A total of 3862 patients were included in the study. In group 1, the total number of patients was 2611 and 2518 of them were
female, 93 were male. In the group 2, 1251 patients were present and 1093 were female and 158 were male. The mean age was 63.63±8.84
years in group 1 and 65.44±9.26 years in group 2, and the difference was statistically significant (p<0.001). A statistically significant difference
was determined between the groups in respect of BMI (p<0.001). A statistically significant difference was determined between the femoral
neck T-scores of the cases (p<0.001). Between the females of the two groups, a statistically significant difference was determined in respect
of the Lumbar 1-4 T-score but no difference was seen between the males (p<0.001, p=0.726, respectively).
Conclusion: The femoral neck BMD values of patients in the Muğla region were found to be significantly lower than those of the patients in
the Erzurum region. Despite the significant risk factors for BMD and OP in the Erzurum region of less sunlight and regional differences, the
BMD values were determined to be higher. Nutritional habits are thought to be effective in the end. We believe that regional differences and
local values are a factor to be considered in the interpretation of BMD.
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Öz
Amaç: Muğla ve Erzurum illerinde osteoporoz (OP) ünitesinde kemik mineral yoğunluğu (KMY) ölçümü yapılmış hastaların değerlerini
karşılaştırmak ve OP yaygınlığını belirlemek amaçlanmıştır.
Gereç ve Yöntem: Elli yaş üstü toplam 3862 hastanın verileri değerlendirilip ve çalışmaya dahil edildi. Hastaların; yaşları, cinsiyetleri ve vücut
kitle indeksi (VKİ) kaydedildi. Muğla’daki hastalar 1. gruba, Erzurum’daki hastalar ise 2. gruba dahil edilerek çalışma iki gruba ayrıldı. Her iki
gruptaki omurga (L1-4) ve kalça (femur boyun) KMY’leri dual enerji X-ışını absorbsiyometri (DEXA) yöntemi kullanılarak ölçüldü.
Bulgular: Toplam 3862 hasta çalışmaya dahil edildi. Birinci grupta toplam hasta sayısı 2611 idi ve bunların 2518’i kadın, 93’ü erkekti. İkinci
grupta 1251 hasta mevcuttu ve 1093’ü kadın, 158’i erkekti. Birinci grupta yaş ortalaması 63,63±8,84, ikinci grupta 65,44±9,26 idi ve iki grup
arasında anlamlı fark saptandı (p<0,001). VKİ açısından iki grup arasında istatiksel olarak anlamlı fark saptandı (p<0,001). Olguların femur
boyun T-skorları arasında anlamlı fark saptandı (p<0,001). Lomber 1-4 T skoru her iki gruptaki kadınlarda anlamlı fark saptanırken, erkeklerde
istatiksel olarak anlamlı fark saptanmadı (sırasıyla; p<0,001, p=0,726).
Sonuç: Muğla bölgesinde femur boyun KMY değerleri Erzurum bölgesine göre anlamlı düşük bulunmuştur. Daha az güneşlenme süresi ve
bölgesel farklılıklar düşük KMY ve OP için önemli risk faktörü olmasına rağmen Erzurum bölgesinde KMY değerleri daha yüksek bulunmuştur.
Beslenme alışkanlıkları sonuçlarda etkili olduğu düşünülmektedir. Bölgesel farklılıkların ve yerel değerlerin KMY yorumlanmasında göz önüne
alınması gereken bir faktör olduğuna inanmaktayız.
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Introduction
Osteoporosis (OP) is a systemic skeletal disease characterised
by low bone mass and impaired bone micro-structure and
thereby, increased bone fragility. In epidemiological studies
the prevalence has been reported with regional differences
observed as 40%-55% in females aged 50-60 years, 75% in
those aged 60-70 years and as 85%-90% in those aged 70 years
and over (1). OP varies according to geographical conditions.
One of the factors determining this is vitamin D (2). The
synthesis of vitamin D in the skin is affected by geographical
location, seasons, age, weather, length of exposure to direct
sunlight, race, skin colour, the use of suncream and manner of
dress (3,4).
Bone mineral density (BMD) measurement is used in the
diagnosis of OP, in the evaluation of fracture risk and in the
follow-up of patients. Regardless of the measurement method
used, low BMD is correlated to increased fracture risk (3,5).
When diagnosing OP, dual energy X-ray absorptiometry (DEXA)
measurement is accepted as the gold standard (5). To evaluate
the BMD values of the patients in this study and to be able to
diagnose OP in the light of World Health Organization (WHO)
criteria, BMD measurements are required in Turkey just as
throughout the world.
To be able to correctly interpret BMD values, a comparison
is necessary with reference values made from a large sample
from different geographical areas according to age and
gender with an examination of a population formed of healthy
individuals, and therefore to obtain the correct figures of
the frequency of OP, it is important to reveal the real BMD
reference values of the Turkish population and their related
regional differences (6-9). BMD values are known to be
affected by race, genetics, gender, age and environmental
and regional differences (6,7).
The aim of this study was to determine the prevalence of OP
and to investigate whether or not regional characteristics were
a risk factor by making a comparison of BMD values obtained
with the DEXA method in two different provinces from two
extreme regions of Turkey which are greatly different in respect
of climate and geography, such as latitude, longitude and
altitude, and in culture.

Materials and Methods
The study comprised a total of 3862 patients who had DEXA
measurements taken between 2012 and 2014 at Muğla Sıtkı
Koçman University Training and Research Hospital and Erzurum
Palandöken State Hospital. Patients who have been living in
Erzurum or Muğla for the last 5 years are included in this study.
For each patient, a record was made of age, gender and body
mass index (BMI). Approval for the study was granted by the
Ethics Committee of Atatürk University (institutional review
board number: 055/2013). Informed consent was obtained
from all the study participants.
The patients were separated into two groups as patients in
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Muğla as group 1 and patients in Erzurum as group 2. The BMD
measurements of group 1 were taken with a DEXA Lunar-DPXIQ®, and those of group 2 with a DEXA (Hologic Q 2000) unit.
Measurements were taken of the posteroanterior lumbar spine
(L1-L4) and the hip (femoral neck). The machine calibrations,
tests, controls and phantom measurements were applied
routinely by certified technicians. The participants removed
outer clothing and were weighed and measured, then DEXA
scanning was applied. The BMD values were evaluated with
the T-scores defined acccording to the peak young adult bone
density value. According to the WHO classification, patients
with a T-score up to -1 standard deviation (SD) compared to
the mean of same gender adults were evaluated as BMD value
“normal”, those with SD between -1 and -2.5 of the mean
T-score of same gender adults were evaluated as “osteopenic”
and those with SD below -2.5 compared to the mean T-score of
same gender adults were evaluated as BMD “OP”. The results
of 1251 patients who underwent bone density screening with
Hologic Q 2000 were converted to DEXA Lunar-DPX-IQ® results
online with the standardization formula (10,11).

Statistical Analysis
The study data were analysed using SPSS for Windows version
20 (SPSS Inc, Chicago, IL, USA) statistics software. Continuous
variables were stated as mean ± SD and categorical variables
as percentage (%). For comparison of the mean values the two
sample z-test and the Student’s t-test were used. A value of
p<0.05 was accepted as statistically significant.

Results
A total of 3862 patients were included in the study. In group
1, there were 2611 patients comprising 2518 (96%) females
and 93 (4%) males. In group 2, there were 1251 patients
comprising 1093 (88%) females and 158 (12%) males. The
mean age was 63.63±8.84 years in group 1 and 65.44±9.26
years in group 2, and the difference was statistically significant
(p<0.001). A statistically significant difference was determined
between the groups in respect of BMI (p<0.001) (Table 1).
The BMD (g/cm2) of the femoral neck in the patients in group
1 was found to be statistically significantly lower than in group
2 in both genders (p<0.001) (Table 2). The lumbar 1-4 T-score
of the females in group 1 was statistically significantly higher
than that of group 2 (p<0.001) but no difference was seen
between the males (p=0.726). In the group 2 patients from
Erzurum there was no difference between the genders in the
BMD values. In the group 1 patients from Muğla, the BMD
values (g/cm²) of the males were determined to be lower than
those of the females.
In group 1, 1281 (49%) patients were evaluated as osteoporotic,
1125 (43%) as ostepenic and 205 (8%) as normal. In group 2,
511 (40.8%) patients were classified as osteoporotic, 495
(39.5%) as ostepenic and 245 (19.7%) as normal.

54

İmerci et al.
A Comparison of Bone Mineral Density Measurements

Turk J Osteoporos
2017;23:52-6

Table 1. Demographic characteristics of patients
Clinical characteristics

Muğla (n=2611)

Erzurum (n=1251)

p

Female/male

2518/93 (96/4%)

1093/158 (88/12%)

<0.001

Age (years)

63.63±8.84
(min: 50 - max: 105)

65.44±9.26
(min: 50 - max: 98)

<0.001

Weight (kg)

71.79±14.42
(min: 32 - max: 147)

73.17±14.07
(min: 33 - max: 130)

0.005

Height (cm)

154.35±6.46
(min.: 125 - max: 185)

159.15±7.67
(min: 140 - max: 190)

<0.001

BMI (kg/m2)

30.09±5.64
(min: 13.49 - max: 65.33 )

28.88±5.23
(min: 15.70 - max: 48.27)

<0.001

-2.26±1.08

-1.47±1.01

<0.001

-2.83±1.19

-1.47±1.19

<0.001

Female
Male

-1.69±0.93

-2.23±1.18

<0.001

-1.64±1.02

-1.68±1.07

0.726

Normal

205 (8%)

245 (19.7%)

Osteopenic

1125 (43%)

495 (39.5%)

Osteoporotic

1281 (49%)

511 (40.8%)

Femoral neck T-score
Female
Male
Lumbar 1-4 T-score

min: Minimum, max: Maximum, BMI: Body mass index

Table 2. Comparison of bone mineral density values
between two groups
BMD g/cm²
(mean ± SD)

Muğla
(n=2611)

Erzurum
(n=1251)

p

0.654

0.894

<0.001

0.573

0.866

<0.001

0.750

0.641

0.02

0.792

0.740

0.712

Femoral neck
Female
Male
Lumbar 1-4
Female
Male

BMD: Bone mineral density, SD: Standard deviation

Discussion
While there was significant difference between the genders
which could have affected the results of the two groups in the
study, a significant difference was determined between the
mean age and BMD values. Nearly all the DEXA units used in
Turkey are used with the data of the USA and Europe as healthy
population reference values, and studies and data accumulation
oriented to normal population reference values are limited. For
a good evaluation, it is mandatory to make a comparison with
appropriate gender and race references (12).
In the KASTURKOS study by Aslan et al. (6), it was shown
that the BMD values of Turkish females living in Kastamonu
were lower than those of females living in other regions and
thus OP was more widespread. Due to the geographical
location of Turkey, the possibility of benefitting from sunlight
is extremely high in three seasons according to meteorological
data. Although Muğla is close to the coast with a greater

exposure to sunlight and there is a great difference in altitude
(approximately 2000 m) from Erzurum, the femoral neck BMD
values of the patients in Muğla were found to be lower. This
demonstrates that there may not be sufficient benefit from
many years of exposure to sunlight and that the regional style
of dressing is a risk factor for low BMD. There may also be the
awareness of the development of skin diseases in the avoidance
of sunlight or the use of high factor protective products (2,13).
Some of those who are working outside all day may only have
sunlight contact with the face and back of the hands because
of the style of dressing. Genetics, anthropometrics, menopause
age and nutrition may also be parameters affecting the results.
Factors such as age, lifestyle, style of clothing, latitude, seasons
and environmental factors affect the amount and duration
of sufficient vitamin D synthesis that can be obtained by the
body benefitting from sunlight (14-17). Stalgis-Bilinski et al.
(18) researched the time, manner and duration of sunlight
exposure necessary for sufficient vitamin D synthesis for healthy
bones and it was suggested that half an hour in the morning
before 10.00 and again after 15.00 with 11%-17% of the
body exposed (hands and face) was sufficient. Despite climate
differences, the OP rate in Muğla was greater. In a study related
to the importance of the style of dressing, the relationship with
25(OH)D vitamin was examined and a direct relationship was
determined between a style of dressing preventing sunlight
contact with the skin and low serum levels of 25(OH)D (19).
Pongchaiyakul et al. (14) investigated OP risk factors in 129
individuals aged 50-84 years and reported that reduced energy
consumption and exposure to sunlight were serious risk factors
for OP.
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Nutrition plays an important role in the pathogenesis,
prevention and treatment of OP. Nutrition rich in calcium,
potassium, magnesium, phosphorus, vitamin D and protein
during childhood and the growth period is of great importance
in reaching peak bone mass. Calcium and vitamin D have been
shown to protect the bone mass in the elderly and reduce the
risk of fractures (14). The regional nutritional habits could have
had an effect on the results of the current study.
In the FRACTURK study, the femoral neck OP frequency was
determined as 12.9% in Turkish females aged 50 years and
over (20). Using their own reference values, Tunç et al. (21)
determined femur total OP frequency as 10.8%. Gölge et al.
(22) compared BMD values in two different provinces and
reported the OP frequencies as 13.7% and 52%. Gemalmaz
et al. (23) determined OP frequency as 10.8% in a study in
Aydın, western Turkey. Many studies have been conducted on
the frequency of OP in various countries and the lifetime risk of
OP of females aged over 50 years has been reported as 30.3%
in the USA, 40.8% in Denmark, 35.4% in Japan and 24.9% in
Switzerland (24-27). In studies made on healthy individuals, the
prevalence of OP in females in Saudi Arabia (28) and China (29)
was calculated as 30.5% and 32.1% repectively. In Tunisian
females, the OP prevalence in the femoral neck has been
evaluated as 17.3% (30) while this rate was found to be 16.3%
in Chinese females (29). In females in Canada, the prevalence
of OP in the vertebral region (12.1%) and the femoral neck
(7.9%) has been found to be much lower (31). In the current
study, the OP prevalence in the two geographical regions was
determined as 49% and 40.8% repectively (32). The reason for
this could be attributed to the higher mean age of the patients
in the study and in addition to genetic differences, a diet poor
in calcium in the growth period and a lack of regular physical
activity in childhood, adolescence and at older ages.

Study Limitations
The limitations of this study can be considered to be that the
same make of DEXA unit was not used and that vitamin D
levels were not examined. The significant difference between
age and BMI values may also have affected the results.
Prejudiced selection may have occurred due to differences in
dietary habits and lifestyle of the majority. Secondly, It is weak
to evaluate secondary factors such as diabetes, family story,
smoking, menopause, rheumatoid arthritis, which may affect
the result of BMD. Thirdly, It is a limitation not to investigate
spondyloarthritis in the lomber region.

Conclusion
Regional differences and local values can be considered factors
necessary to take into consideration in the interpretation of
BMD values. However, as OP was determined in approximately
half of the patients, it can be concluded that this disease is a
major health problem in Turkey. There is a need for further
multi-centre studies to update the data on the subject of OP in
Turkey and to establish an accurate database.
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