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ABSTRACT
OBJECTIVE: Osteoporosis is progressive metabolic bone disease that decreases bone density and features deteri-
oration of bone structure. Dual-energy X-ray absorptiometry (DXA) is commonly used and reliable method to mea-
sure bone mineral density (BMD). Aim of this study was to determine normal ranges of BMD in left proximal tibia.

METHODS: Fifty-five females were included in this study. BMD was measured at the lumbar spine and the left 
proximal tibia using DXA. BMD value of subregions in the left proximal tibia was significantly correlated with BMD 
value of the total lumbar spine (r=0.111–0.766). New average BMD values of the left proximal tibia were calcu-
lated according to age using linear regression formula, leading to average BMD value for the total lumbar spine 
(L1-L4) in normal population. New simulated T-scores for proximal subregions of the tibia were then calculated.

RESULTS: T-scores for proximal subregions were not different from T-scores of total lumbar spine (p>0.05).

CONCLUSION: It was concluded that proximal tibia is an ideal region for measurement of BMD in osteoporosis.
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Normal range of BMD in proximal tibia
as a different skeletal site at women

Orıgınal Article    NUCLEAR MEDICINE

Osteoporosis is a progressive skeletal disor-
der characterized by low bone mass, which 

causes bone fractures due to decrease in bone min-
eral density (BMD) and strength [1–6]. Incidence 
and costs associated with treating osteoporosis are 
significant socioeconomic burden. Currently, diag-
nosis of osteoporosis is primarily made based on 
BMD and bone turnover markers [7]. Bone min-
eral metabolism can be affected by many factors, 

such as age, ethnicity, menopause, endocrine-met-
abolic disease, socioeconomic and sociocultural 
environment, rural or urban lifestyle, genetics, use 
of various drugs, physical activity, some diseases, 
nutrition, and genetics [8]. Another of these fac-
tors may be electromagnetic fields [9]. Genetic fac-
tors are important in determining peak bone mass 
and structure, as well as predisposition to bone de-
terioration and fragility fractures [10]. Osteopo-
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rosis is the most common metabolic bone disease 
and is characterized by deterioration of bone mi-
croarchitecture structure, decrease in bone mass, 
and increase in fragility [11–15]. 

Osteoporosis affects approximately 300 million 
people worldwide, primarily due to age-related 
estrogen deficiency in postmenopausal women 
[16]. With a high content of trabecular bone, os-
teoporotic fractures are most commonly seen in 
vertebrae, proximal femur, distal radius, humerus, 
pelvis, and ribs [17]. The World Health Organiza-
tion has stated that osteoporosis can be diagnosed 
by demonstrating reduced BMD in certain bone 
areas. Dual-energy X-ray absorptiometry (DXA) 
is an accurate, reliable, and inexpensive method of 
measurement that allows for diagnosis of osteo-
porosis before fracture [18]. DXA is widely used 
to measure BMD [19]. Rapid increase in BMD 
can be seen discontinuation of treatment. Early 
or precocious puberty should be treated with go-
nadotropin-releasing hormone-agonist to prevent 
permanent short stature [20]. DXA is clinically 
proven method of measuring BMD in the lum-
bar spine, proximal femur, and forearm. It is used 
primarily in diagnosis and management of osteo-
porosis and other disease states characterized by 
abnormal BMD, as well as to monitor response to 
therapy for these conditions. It may also be used 
to measure whole-body composition [21]. Skel-
etal deformities such as spinal curve or compres-
sion fracture, bowing of long bones, or presence of 
metal rods can significantly impair DXA results 
[22]. In a multicenter study in Canada, prevalence 
of osteoporosis was found to be 12.1% in the lum-
bar vertebrae, 7.9% in the femur neck, and 15.8% 
in both the femur neck and the lumbar vertebrae. 
Incidence of osteoporosis has been reported to 
be 6% in those over 50 years of age and 50% in 
those over 80 years of age [16]. Rey et al. reported 
that age-related bone loss was greatest in the fore-
arm (27%–31%), followed by the proximal femur 
(21%), and less in the lumbar vertebrae (7%) [23]. 
Aim of this study was to calculate BMD in regions 
of the proximal tibia and publish mean and stan-
dard deviation values (according to age) for mea-
surement of T- and Z-scores in women.

MATERIALS AND METHODS

Patient selection
A total of 55 women (mean age 49.0 years; range: 
26–69 years) who presented at the Department 
of Nuclear Medicine between October 2011 and 
March 2012 were enrolled in this study to measure 
BMD. Study protocol was approved by Malatya 
clinical research ethics committee. Each volunteer 
was read patient information form and provided 
written consent. Patients who were pregnant, had 
scoliosis, metabolic bone disease, rheumatic bone 
disease, previous bone fracture in related region, or 
history of contrast barium or enema radiological ex-
amination or radioisotope scan in prior week were 
not included. Age and anthropometric measure-
ments of all patients were recorded.

Patients were divided into 4 groups according to 
age. Group I comprised patients between ages of 25 
and 39 (n=14), Group II was made up of patients 
between ages of 40 and 49 (n=14), Group III con-
stituted those between ages of 50 and 59 (n=14), 
and Group IV patients were between ages of 60 and 
69 (n=13).

Measurement of BMD
BMD measurements were made using DEXA 
device (Hologic QDR 4500 W; Hologic Inc., 
Marlborough, MA, USA). All DXA scans were 
performed by the same technician. BMD of posteri-
or-anterior lumbar vertebrae (L1-L4) in all patients 
was measured. BMD and T-scores of patients were 
calculated automatically according to normal and 
standard deviation values of Caucasian women us-
ing Hologic device database. All patients were mea-
sured in supine position. Left tibia was positioned 
at 180°, straight and parallel to the table. BMD 
scans of left proximal tibia were performed and 
BMD values of left proximal tibia regions were cal-
culated using lumbar vertebrae acquisition protocol. 
Four rectangular regions of interest, each 25 pixels 
in width, were measured distally from intercondylar 
eminence (Figure 1). BMD values of these 4 regions 
were measured in g/cm2.



Statistical analysis 

New average BMD values and new simulated T-
scores of all subregions in left proximal tibia were 
calculated according to age using linear regression 
formula, which yielded average BMD value of the 
total lumbar spine (L1-L4) in normal population. 

New simulated T-scores of proximal tibia subre-
gions were compared with T-scores of total lumbar 
spine (p>0.05).

Data were expressed as mean±SD. Analysis of 
variance test was applied for comparison of patient 
anthropometric data, one-tailed Pearson correlation 
test was used for correlation of BMD values, and 
Wilcoxon and Friedman tests were used for com-
parison of simulated T-scores. SPSS (version 16.0; 
IBM Corp., Armonk, NY, USA) and OpenOffice 
Calc 3.3 (Apache Software Foundation, Forest Hill, 
MD, USA) software were used to conduct statisti-
cal analysis. P value <0.05 was considered statisti-
cally significant.

RESULTS

Descriptive data of cases are presented in Table 1. 
There was no significant difference between groups 
(p>0.05). 

Strong relationships were found in comparisons 
of lumbar vertebrae using Pearson correlation test 
(r=0.797–0.962). These findings are presented in 
Table 2. Highest correlation value was between to-
tal lumbar vertebrae and the other vertebrae; there-
fore, total lumbar vertebrae value was used for com-
parison with proximal tibia regions. 

Moderate significant correlations were found 
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Figure 1. Four rectangular regions of interest of left 
proximal tibia. L: Lumbar.

eminentia
intercondylaris

  Group I (n=14) Group II (n=14) Group III (n=14) Group IV (n=14) p
  Mean±SD Mean±SD Mean±SD Mean±SD
  (Range) (Range) (Range) (Range)

Age 33.0±1.1 45.0±0.8 54.7±0.7 64.3±0.8
(years) (26.0–40.0) (41.0–49.0) (51.0–60.0) (61.0–70.0)
Weight 61.6±3.5 70.0±2.7 72.9±4.3 70.0±1.9 0.150
(kg) (42.0–90.0) (55.0–88.0) (55.0–100.0) (60.0–80.0)
Height 158.7±1.4 161.0±1.5 158.2±1.2 155.9±1.6 0.156
(cm) (150.0–168.0) (150.0–170.0) (150.0–165.0) (145.0–163.0)
BMI 25.3±1.7 27.0±1.1 28.8±1.3 28.8±0.7 0.113
(kg/m2) (16.8–41.9) (21.4–35.5) (21.8–37.4) (24.6–35.5)

SD: Standard deviation; BMI: Body mass index.

Table 1. Descriptive data of patients and statistical comparisons



between lumbar vertebrae and tibia region BMD 
values (r=0.111–0.766). When Group II was ex-
cluded, correlation was higher than previous mea-
surement (r=0.448–0.766) (Table 3).

Using each patient’s BMD values, linear regression 
curve and formula were obtained for all groups show-
ing relationship between total lumbar vertebrae and 
each region of proximal tibia (Figure 2 and Table 4).

  L1 L2 L3 L4 LT

L1
 r 1 0.914** 0.855** 0.797** 0.928**
 p  p<0.001 p<0.001 p<0.001 p<0.001
L2
 r 0.914** 1 0.901** 0.813** 0.952**
 p p<0.001  p<0.001 p<0.001 p<0.001
L3
 r 0.855** 0.901** 1 0.859** 0.962**
 p p<0.001 p<0.001  p<0.001 p<0.001
L4
 r 0.797** 0.813** 0.859** 1 0.931**
 p p<0.001 p<0.001 p<0.001  p<0.001
LT 
 r 0.928** 0.952** 0.962** 0.931** 1
 p p<0.001 p<0.001 p<0.001 p<0.001 

L1: First lumbar vertebra; L2: Second lumbar vertebra; L3: Third lumbar vertebra; L4: Fourth lumbar vertebra; LT: Total lumbar vertebrae (L1-4). r: Cor-
relation coefficient.

Table 2. Correlation analysis of bone mineral density value of lumbar vertebra

    T1 T2 T3 T4 TT

Group I (n=14) LT  r 0.448 0.487* 0.611* 0.487* 0.538*
   p 0.054 0.039 0.010 0.039 0.024
Group II (n=14) LT r 0.378 0.356 0.322 0.111 0.337
   p 0.091 0.105 0.130 0.352 0.119
Group III (n=14) LT r 0.691** 0.592* 0.564* 0.625** 0.674**
   p 0.003 0.013 0.018 0.008 0.004
Group IV (n=13) LT r 0.553* 0.766** 0.738** 0.705** 0.741**
   p 0.025 0.001 0.002 0.004 0.002
Total (n=55) LT r 0.588** 0.559** 0.561** 0.525** 0.601**
   p 0.0001 0.0001 0.0001 0.0001 0.0001

L1: First lumbar vertebra; L2: Second lumbar vertebra; L3: Third lumbar vertebra; L4: Fourth lumbar vertebra; LT: Total lumbar vertebrae (L1-4); T1: First 
tibial region of interest; T2: Second tibial region of interest; T3: Third tibial region of interest; T4: Fourth tibial region of interest; TT: Sum of areas in the 
tibia; r: Correlation coefficient.

Table 3. Correlation analysis between bone mineral density value of lumbar vertebrae and tibial regions
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According to age, new average±SD BMD values 
for all subregions of proximal tibia were calculated 
using linear regression formula, leading to average 
BMD value for the total lumbar spine (L1-L4) of 
normal population of Caucasian women based on 
Hologic database (Table 5). 

Then, according to new average±SD BMD in 
all subregions, new simulated T-scores for each left 
proximal tibia subregion were calculated for each 
patient. In Groups I through III, new simulated T-
scores of subregions were not different from T-score 
of total lumbar spine (p>0.05) (Table 6). In Group 
IV, simulated T-scores of proximal tibia differed 
from T-score of total lumbar vertebrae (p=0.006). 
When first region of proximal tibia is excluded, no 
significant differences were found between lumbar 
spine T-scores and simulated T-score of each proxi-
mal tibia region (p>0.05).

DISCUSSION

As a result of the present study, it has been dem-
onstrated that the proximal tibia area can be used 
to measure and evaluate BMD. Abrahamsen et al. 
found statistically significant correlation for BMD 
values, T-score and Z-score among lumbar spine, 
proximal femur, and forearm in their study of 2005 
healthy perimenopausal women (r=0.40–0.77; 
p<0.01). Correlation of T-scores was higher be-

tween the proximal femur and the lumbar spine 
(r=0.67; p<0.01) [21]. In our study, we found high 
correlation among T-scores of lumbar vertebrae 
(r=0.111–0.766).

Previous studies found BMD values of lum-
bar vertebrae in Turkey calculated using quantita-
tive computed tomography and DXA device were 
similar to those of Western countries [5, 24]. In our 
study, BMD and T-scores of total lumbar vertebrae 
were used as reference for comparisons.

Regression analysis and regression curves are 
commonly used to determine risk factors for osteo-
porosis but calculation of normal values and stan-
dard derivation of BMD using regression formula 
was not found in literature search.

Bone densitometry has been performed on the 

  Linear regression formulas r2

Group I Lt-T1 y=0.7+0.26x 0.2
 Lt-T2 y=0.64+0.33x  0.24
 Lt-T3 y=0.49+0.44x 0.37
 Lt-T4 y=0.54+0.33x 0.24
 Lt-TT y=0.57+0.37x 0.29
Group II Lt-T1 y=0.66+0.28x 0.14
 Lt-T2 y=0.62+0.32x 0.13
 Lt-T3 y=0.63+0.27x  0.1
 Lt-T4 y=0.77+0.1x 0.01
 Lt-TT y=0.63+0.29x 0.11
Group III Lt-T1 y=0.38+0.6x 0.48
 Lt-T2 y=0.22+0.79x 0.35
 Lt-T3 y=0.12+0.77x 0.32
 Lt-T4 y=0+0.79x  0.39
 Lt-TT y=0.15+0.81x 0.45
Group IV Lt-T1 y=0.61+0.26x 0.05
 Lt-T2 y=0.09+0.96x 0.49
 Lt-T3 y=0.09+0.8x 0.35
 Lt-T4 y=0.07+0.73x 0.37
 Lt-TT y=0.16+0.8x 0.32

LT: Total lumbar vertebrae (L1-4); T1: First tibial region of interest; T2: 
Second tibial region of interest; T3: Third tibial region of interest; T4: 
Fourth tibial region of interest; TT: Sum of areas in the tibia.

Table 4. Linear regression formulas of all groups and 
relationship between total lumbar vertebrae and each 
proximal tibia region

1.2

1

0.8

0.6

0.4

0.2 y=0.49+0.44x
r2=0.37

0
1.31.21.110.90.80.70.6

Figure 1. Linear regression curve and formula for 
groups indicating the relationship between bone min-
eral density values of total lumbar vertebrae and sec-
ond region of proximal tibia.
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lumbar spine, the proximal femur, and the forearm. 
Previous studies have indicated that sclerotic chang-
es increase T-scores of lumbar vertebrae. Removing 
sclerotic area from assessment allows for more accu-
rate T- and Z-scores. Depending on excluded area, 
1 patient may generate different scores. This can be 
observed in different scan areas, such as the proxi-
mal femur and the forearm [25–28].

BMD values of distal tibia in children have been 
measured using DXA and quantitative computed 
tomography in previous studies [29, 30]. BMD 
measurements in proximal tibia have typically been 
published in cases of total knee arthroplasty [31]. 

In present study, mean and standard deviation 
values of BMD in proximal tibia were calculated 
using regression curve and formula from T-scores 

Age (years) LT T1±SD T2±SD T3±SD T4±SD TT±SD

20 1.070 1.423±0.500 1.303±0.394 1.318±0.296 1.606±0.394 1.351±0.352
25 1.060 1.385±0.500 1.273±0.394 1.295±0.296 1.576±0.394 1.324±0.352
30 1.040 1.308±0.500 1.212±0.394 1.250±0.295 1.515±0.394 1.270±0.352
35 1.030 1.269±0.500 1.182±0.394 1.227±0.296 1.485±0.394 1.243±0.352
40 1.020 1.067±0.216 1.013±0.164 1.169±0.169 1.291±0.165 1.074±0.161
45 1.000 1.033±0.217 0.987±0.165 1.143±0.169 1.266±0.164 1.049±0.161
50 0.990 1.017±0.216 0.975±0.164 1.130±0.169 1.253±0.165 1.037±0.161
55 0.970 0.983±0.217 0.949±0.165 1.104±0.169 1.228±0.164 1.012±0.161
60 0.960 1.346±0.216 0.906±0.09 1.088±0.09 1.219±0.09 1.000±0.086
65 0.940 1.269±0.217 0.885±0.09 1.063±0.09 1.192±0.09 0.975±0.086
70 0.930     
75 0.920     
80 0.900     
85 0.890     

SD: Standard deviation; LT: Total lumbar vertebrae (L1-4); T1: First tibial region of interest; T2: Second tibial region of interest; T3: Third tibial region of 
interest; T4: Fourth tibial region of interest; TT: Sum of areas in the tibia.

Table 5. New average±SD bone mineral density values in all proximal tibia subregions

  Group I (n=14) Group II (n=14) Group III (n=14) Group IV (n=14) 
  Mean±SD (Range) Mean±SD (Range) Mean±SD (Range) Mean±SD (Range)

LTTs -1.271±1.028 -1.729±0.100 -1.757±1.516 -2.646±0.907
T1Ts -1.029±0.412 -1.336±0.752 -1.029±0.849 -3.015±0.590
T2Ts -1.050±0.449 -1.379±0.796 -1.021±0.742 -2.092±1.026
T3Ts -1.036±0.573 -1.529±0.833 -1.029±0.698 -2.531±1.027
T4Ts -1.107±0.478 -1.571±0.841 -1.029±0.785 -2.669±1.144
TTTs -1.129±0.484 -1.400±0.857 -0.993±0.862 -2.592±1.074
P value 0.452 0.167 0.743 0.0001

SD: Standard deviation; BMI: Body mass index; T1Ts: T-scores of first tibial region of interest; T2Ts: T-scores of second tibial region of interest; T3Ts: 
T-scores of third tibial region of interest; T4Ts: T-scores of fourth tibial region of interest. TTTs: T-scores of the sum of areas in the tibia.

Table 6. New simulated T-scores of each proximal tibia region
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of total lumbar vertebrae. Regions of interest used 
were also original. 

New average BMD values of left proximal tibia 
were calculated according to age using linear regres-
sion formula, which yielded average BMD value of 
the total lumbar spine (L1-L4) in normal popula-
tion. New simulated T-scores of proximal tibia 
subregions were then calculated. New simulated 
T-scores of proximal tibia subregions were not dif-
ferent from T-scores of the total lumbar spine 
(p>0.05). We concluded that proximal tibia is an 
ideal evaluation region to measure BMD for diag-
nosis of osteoporosis. Increase in average life span 
indicates osteoporosis will become even more seri-
ous problem in the near future. For this reason, de-
termination of BMD and early bone loss in differ-
ent anatomical regions is very important.
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