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Effect of Age Distribution on T-Score Changes at Different
Skeletal Sites in Turkish Women

Objective: Studies of young women, including dual X-ray absorptiometry (DXA) are limited in
terms of identifying when and where osteopenia starts and the degree of correlation in the T-scores
as reproductive women transition into menopausal status. The aim of this study is to evaluate the
values of the lowest T-score in the femoral neck, trochanter, and lumbar spine at different age
ranges and the correlation with an increase in age by using DXA.

Materials and Methods: In this retrospective cohort study, DXA results of patients between the
ages of 45 and 80, who were admitted to the Department of Gynecology and Obstetrics of istanbul
Teaching and Research Hospital were evaluated. The bone mineral density (BMD) measurements
were performed in the anterior-posterior direction.

Results: There was a statistically significant difference observed between the T-scores of different
skeletal sites between 4 groups of patients (p<0.005), except for lumbar vertebrae (p=0.02). In all
age groups, the lumbar region T-score was the lowest. BMD measurements of lumbar vertebrae
among the 4 age groups were unaffected by an increase in age, progressive decline in BMD
occurs in the femoral neck and trochanter region with an increase in age.

Conclusion: We suggest that the lumbar BMD should be checked first in all age groups as the
lumbar region was most susceptible to osteopenia. We also suggest that clinicians should pay
attention to a progressive decrease in BMD density with age in the femur neck and trochanter
regions and physicians to consider that lumbar vertebra BMD starts to decrease at younger ages.
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Tiirk Kadinlarinin Yas Dagiiminin Farkli iskelet sistemi T Skor Degisikliklerine
Etkisi

Amag: Osteopeninin hangi vicut kemiginde ve ne zaman basladigini anlamak ve Greme ¢agindaki
kadinlarin menopoz dénemine gegcisleri sirasinda T-skor korelasyonlarinin derecesini belirlemek
icin geng kadinlari kapsayan Dual Enerji X-Ray Absorbsiyometri (DXA) ¢alismalari yetersizdir.

Calismamizin amaci farkl yaslarda femur boynu, femur trokanter, lomber omurgada en disik T-
skoru ve yas artisi ile korelasyonunu DXA kullanarak degerlendirmektir.

Gereg ve Yontem: Bu retrospektif kohort calismasinda, Istanbul Egitim ve Arastirma Hastanesi
Kadin Hastaliklari ve Dogum Kilinigi'ne basvuran 45-80 yas arasindaki hastalarin DXA sonuclarini
degerlendirdik. kemik mineral yogunlugu (KMY) dlglimleri DXA cihaz ile anterior-posterior yonde
yapildi.

Bulgular: Doért hasta grubunda farkl bolgelerin T-skorlari arasinda lomber omurga (p=0.025) hari¢
istatistiksel anlamh fark bulundu (p<0.005). Tim yas gruplarinda lomber bélge T-skoru en disik
saptandi. 45-50 ve 51-60 yaslarinda femur trokanter, 61-70 ve 71-80 yaslarinda femur boynu en az
osteopeniden etkilenen bolgeler olarak saptandi. Dért yas grubunda lomber omurga kemik KMY
artan yastan etkilenmemis saptandi. Ote yandan femur boynu ve ftrokanter bélgelerinde artan yas
ile KMY' da progresif diisiis saptand.

Tartigsma: Dogru bir KMY analizi gergeklestiriimesi igin test sinilamasi mevcut oldugunda, belirli
bir lokalizasyondaki kemik yogunluk degerlerlerinden varsayim yapilabilecegini saptadik. Farkli
iskelet sistemi bolgelerinin T-skor fark araliklarinin kendi iglerinde yas ile azalmadigini tespit
ettigimiz ve osteopeniye en duyarli bélge oldugu igin tim yas gruplarinda dncelikle lomber KMY'nin
kontrol edilmesini 6nermekteyiz. Bu nedenle klinisyenlere onerimiz, ¢zellikle femur ve femur
trokanter bolgelerinde yasla artan KMY dansitesinde progresif azalmaya dikkat etmeleri ve lomber
bdlgedeki KMY’ nun daha geng yaslarda azaldigini géz énune bulundurmalaridir.

Anahtar Kelimeler: Yas, T-skor, osteoporoz, lumbal vertabra, kemik mineral yogunlugu

Introduction

Bone mineral density (BMD), which is defined by the mineral content of bones, is a
standard for the clinical diagnosis of osteoporosis; BMD is also employed to estimate
responses to treatments, including the rate of bone loss and gain of patients. Dual X-ray
absorptiometry (DXA) and dual photon absorptiometry are accurate and cost-effective
techniques that can be utilized to measure bone density in the spine and hip (1). Since
the lumbar spine (L1-4) and hip joints represent important areas that affect the
consequences of osteoporosis, such as pathological fracture in menopausal women,
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bone densities are usually measured at these sites by
grading the severity of osteoporosis by the lowest T-
score. In the human body, the hip and lumbar spine are
fractured most among other sites (2). It is estimated that
a 0.25 and 1% decline in BMD occurs in premenopausal
women each year (3).

Different skeletal sites in the same patients often
differ based on the T-score values; depending on which
skeletal regions are measured, individual patients have
been diagnosed with osteoporosis, low BMD or normal
BMD (4-5). The World Health Organization (WHO)
Osteoporosis Working Group and other international
osteoporosis organizations have stated that the femoral
neck is the only site that should be applied in the
estimation of osteoporosis prevalence at a population
level (6-7). However, it has been hypothesized that
different skeletal sites of the body, such as the spine and
femur, might have different environmental and/or genetic
risk factors, which may affect vertebral and femoral
regions in different ways.

Studies of perimenopausal women, including dual
X-ray absorptiometry (DXA) are limited in terms of
identifying when and where osteopenia starts and the
degree of correlation in the T-scores as reproductive
women transition into menopausal status. To date
studies focused on BMD changes of certain age
intervals (8-10) and a certain site. Only several studies
(11, 12) have evaluated longitudinal changes in BMD
over the whole adult life span and, from those studies, it
has been found that in postmenopausal women, in the
majority of patients BMD was overestimated from
previous cross-sectional data prediction, as observed in
the longitudinal reports.

The purpose of this study was to determine the
differences in BMD and the lowest measured T-score of
the femur neck, femur trochanter, and lumbar spine in
Turkish women for the evaluation of the effect of age on
different sites and their correlation with BMD with an
increase in age using DXA. In order to evaluate which
segment of population and site is more susceptible to
loss in BMD, it is important to evaluate the pattern of
bone loss by age.

Materials and Methods

Research and Publication Ethics: The study was
conducted in accordance with the Declaration of
Helsinki, and the protocol was approved by the Ethics
Committee of Istanbul Teaching and Research Hospital
(file number: 2174, date: 07.02.2010). The clinical
investigations described were carried out according to
the Declaration of Helsinki. As this study is retrospective,
we could not get the informed consent of patients.

In this retrospective cohort study, we evaluated the
DXA results of patients between the ages of 45-80 who
were admitted to the Department of Gynecology and
Obstetrics of Istanbul Teaching and Research Hospital,
outpatient clinics between January 2016 and January
2018 for osteoporosis evaluation. 122 perimenopausal
and menopausal women were included in the study and
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divided into 4 groups according to ages, first group
compromise of 29 patients ages between 45-50, second
group compromise of 33 patients ages between 51-60,
third group compromise of 30 patients ages between 61-
70 and, fourth group compromise of 30 patients ages
between 71-80.

The BMD measurements of the lumbar spine (L1—
L4) and non-dominant hip (trochanter, femoral neck, and
total hip) were performed in the anterior-posterior
direction by the Hologic QDR 4500 W Elite DXA (USA)
device. Protocols were applied to the measurements
based on manufacturer recommendations. Measurement
on the Hologic spine phantom was less than 1% on all
sites for the coefficient of variation of the correct BMD
measurements. Osteoporosis is defined as a BMD of 2.5
standard deviations below that of a young adult
(maximum T-score of -2.5 according to the WHO (13).
Among the patients without osteoporosis, low bone
mass was defined by T-scores between -1.0 and -2.5 at
either skeletal site.

The exclusion criteria were trauma, bone tumors,
rheumatic diseases, avascular necrosis, infection, and
hyperesthesia.

Statistical Analysis: The statistical package for
the Social Sciences 15.0 software for Windows was
employed for the statistical analyses (SPSS, Chicago,
IL, USA). The distributions of DXA parameters are
described using the mean. In the intergroup analysis for
continuous variables, the Kolmogorov-Smirnov test for
univariate data was used to assess the normal
distribution data. The One-way ANOVA test was used
for four groups when the data were suitable for normal
distribution. We have provided analysis of histograms for
the frequency distributions of the T-score data according
to age and skeletal site to graphically demonstrate any
skewness to the data distributions. The linear
relationship between the variables was evaluated using
Pearson’s correlation test. Variables were analyzed at a
95% confidence level and a p-value of less than 0.05
was considered significant.

Results

In this study, we observed a very strong correlation
between the femoral neck and the femur trochanter in
the osteopenia group (r=0.85, p=0.034) and a less
correlation between the femoral neck and the trochanter
(r=0.58, p=0.042) in the osteoporosis group.

As shown in Table 1, there was no statistically
significant difference observed between 4 groups of
patients based on BMI values. For the group of patients
between 45 and 50 years of age, the T-scores of the
lumbar, femoral neck region, and femur trochanter
region were -1.1, -0.45 and 0.2, respectively. For the
group of patients between 51 and 60 years of age, the T-
scores of the lumbar region, femoral neck, femur
trochanter were -1.5, -0. 5 and 0.2, respectively. For the
group of patients between 61 and 70 years of age, the T-
scores of the lumbar region, femoral neck, and femur
trochanter were -2.4, -1.1 and -0.2, respectively. For the
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patients between 71 and 80 years of age, the T-scores
of the lumbar region, femoral neck, and femur trochanter
were -1.5, -1. 5 and -0.63, respectively.

As shown in Figure 1, the most concordance
among all age groups occurs between the T-scores of
the femur neck and trochanter followed by the lumbar
vertebrae. The DXA results of the patients in the four
age groups declined parallel to previous measurements,
except for the 61-70 and 71-80 age groups, where the
femur trochanter replaced the femur neck for the least
susceptible area for osteoporosis. In the youngest (ages
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45-50) group of patients, the most affected regions from
low BMD were lumbar vertebrae followed by the femoral
neck. The Ilumbar vertebrae comprise the most
susceptible region of the body to osteoporosis in all age
groups. The BMD measurements of lumbar vertebrae
among the four age groups showed no decline with an
increase in age, whereas a progressive decline in BMD
occurs in the femoral neck and trochanter region with an
increase in age. The degree of concordance among
each skeletal site was unaffected by an increase in age.

Table 1. Comparison of T-scores for 3 skeletal sites; there was a statistically significant difference found between T-
scores of different skeletal sites between 4 age groups of patients (p<0.005) except for lumbar vertebrae (p=0.02)

Age (years) (interval) 45-50 51-60 61-70 71-80 p-value
BMI (kg/m?) 27+5.3 30+4.2 31147 32+4.3 p=0.240
T-score lumbar vertebrae -1.1£0.99 -1.54£0.95 -2.410.84 -1.5+£0.93 p=0.025
T-score femoral neck -0.45+0.92 -0,5+0.82 -1.11£0.95 -1.5+£0.92 p<0.005"
T-score femur trochanter 0.2+0.82 0.2+0.72 -0.240.89 -0.63+0.87 p<0.005"
One-Way-Anova, Values are described as MeantStandart Deviation
*p<0.005
BMI: Body Mass Index
age
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Figure 1. Histogram analysis of patients according to age and site of osteopenia. In all age groups lumbar region T-
score was the lowest. Ages between 45-50 and 51-60 femur trochanter was found least affected by osteopenia. Ages
between 61-70 and 71-80 femur neck was found least affected by osteopenia.
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Discussion

In the retrospective cohort analysis, we examined a
large group of women with osteopenia and/or
osteoporosis using the T-score measurements. DXA is
currently considered the gold standard for measuring
bone density (14). However, the measurement at one
site of the skeleton of a patient for reliable prediction of
fracture risk at another region remains controversial, and
which anatomic region is best suited to estimate the risk
of fractures in all relevant regions remains ambiguous
(15, 16).

We observed no statistical difference between BMI
values in four age groups of patients (Table 1). Low
body weight causes bone loss, whereas high body
weight causes high BMD (17), which could have
interfered with this study results. In a large study of
American and Japanese women between 20-83 years of
age, Ito et al. (18) determined that BMD began to
decrease at the age of 20 in Japanese women probably
due to the low BMI in their population. The peak bone
mass was sustained until the age of 35 in American
women, whereas in postmenopausal women, bone mass
was significantly reduced in both Japanese women and
American women.

In this study, the most affected region was the
lumbar spine in all age groups (Table 1), which could
cause progressive spinal deformities and potential
neurologic sequel risk in elderly women and became a
major concern of neuro-surgeons before they consider
potential spinal surgery (19). Among elderly women,
vertebrae fractures occur more commonly than any other
region of the body in the osteoporosis group. This study
shows that decline in vertebral bone density starts in the
early ages starting from the mid-40s.

Although we discovered that the lumbar vertebrae
are the most affected region in all age groups, we could
not detect accelerated bone loss with an increase in age
(Figure 1). In older women, we determined that BMD of
the lumbar region, especially with an increase in age,
exhibits a stable decrease in the range of approximately
35 years, instead of progressive osteopenia and/or
osteoporosis compared to other regions. The lumbar
vertebrae tend to begin the process of degeneration at
approximately age 50, which comprises the cessation of
the reproductive period of women. These findings are
supported by various studies. Shao et al. (20) suggested
that the heights of the lumbar discs of males and
females within the ages 20—-69 years increased linearly
with an increase in age. Koeller et al. (21) discovered
that within the lumbar spine, the disc height seems to be
almost independent of age. In line with our results, in a
longitudinal Denmark study, bone loss in lumbar spine
most pronounced in the first decade of menopause and,
stay stable throughout women’s life (11).

Similar to our findings, Choe et al. (22) showed that
for the normal and low BMD group, the L3 T-scores were
significantly correlated with the BMD of the femoral neck
and trochanter. However, in the osteoporosis group, the
L3 T-scores were not correlated with the femoral neck
and femoral trochanter. In this study, we also observed a
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very strong correlation between the femoral neck and
the trochanter in the osteopenia group and less
correlation between the femoral neck and the trochanter
in the osteoporosis group (Figure 1). Choi et al. (23)
discovered that the correlation between vertebral and hip
joint BMD and age has an inverse relationship. We did
not observe a decline in the BMD difference at different
sites with an increase in age.

The discordance between the BMD results of the
hip and spine had been investigated and reported in
several studies (24, 25). A review of postmenopausal
women revealed that the discordance between the hip
BMD and the spine BMD was common and predicted
different fracture patterns. Spinal osteoporosis increases
the odds ratio of radiographic spine fracture 2.8-fold,
whereas hip osteoporosis increases the risk of hip
fracture 3.0-fold (26). Parallel to our findings,
osteoporosis was only detected in the hip for nearly 25%
of their participants versus the spine region for nearly
40% of their participants. The regression analysis of
3000 premenopausal Scottish women revealed that the
BMD change rate at the spine was almost 35% versus
19% in the hip area caused by non-genetic factors (27).
In a recent animal study, it has been shown that in
ovariectomized rats, especially inter radicular and body
areas of mandibles, were less sensitive than the femur
with regard to osteoporosis (28). It has been
hypothesized that perimenopausal period bone mass
measurements estimate the lifetime risk of fracture of a
woman (29).

It is important to inform patients that as they age,
their DXA results decline parallel to their previous
measurements, except for 61-70 and 71-80 age groups,
where the trochanter is replaced by the femur neck for
the least susceptible area for osteoporosis (Figure 1). To
date studies that investigate femur trochanter and neck
BMD distinctly are limited (30, 31), usually studies
focused on the proximal femoral head. Parallel to our
results in a recent study, the femoral neck fracture group
was found to be statistically significantly younger than
the intertrochanteric fracture group (30). The clinical
implications of their study suggest that low BMD in the
intertrochanteric region may be protective for femoral
neck fractures since the energy of direct impact on the
hip might dissipate in the intertrochanteric region before
the arrival of energy into the femoral neck. These
findings suggest that the hat senile populations are more
susceptible to intertrochanteric osteopenia and, this
might be a protective factor for traumatic femoral neck
fractures.

In conclusion, an assumption can be made based
on the BMD values from certain locations when testing
limitations exist where an accurate BMD cannot be
performed. According to this study T- score concordance
of different skeletal sites does not change with an
increase in age. Therefore, we suggest that the lumbar
BMD should be checked first, as the lumbar region was
most susceptible to osteopenia in all age groups. The
BMD of the subtrochanteric area of the femur can be
screened by DXA without the need for further femur
radiographs. Clinicians should warn patients who display
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osteoporotic development in the femur and who might
expect to have BMD reduction in other body parts, such
as the lumbar vertebrae with the same level of difference
in skeletal sites from previous DXA measurements. We
suggest that clinicians should pay attention to a
progressive decrease in BMD density with age in the
femur neck and femur trochanter regions and to consider
that BMD in the lumbar region starts to decrease at
younger ages so they should apply physical and
therapeutic treatment methods to their patients
accordingly.

Study Limitations: As we mentioned above, we
excluded patients from this study with major factors that
may affect bone density. However, since we could not
access all the medical records of the patients, we could
not take into account the situations that might little effect
on the BMD of study patients, such as smoking,
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