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Introduction: Bone mineral density (BMD) and trabecular bone score (TBS) are recognized as two indexes for
diagnosis of osteoporosis.

Objectives: The present study assesses the TBS performance as an alternative test for BMD.

Patients and Methods: A retrospective descriptive study conducted on 2,106 patients were referred to two central
hospitals; Resalat and Loghman in Tehran, Iran. Necessary data have been collected for the analysis process,
including age, gender, body mass index, and L1-L4 TBS.

Results: Four-hundred eligible patients were considered for our analysis process. Among these patients, about
13.8 and 86.3% were men and women with mean ages of 54.04 + 10.92 and 53.83 + 10.16 years, respectively
(P=0.88). Our study showed a statistically significant difference between the mean TBS of all regions in patients
(P=0.001), while this value was dependent on the gender and age of patients. The mean TBS of all regions in
women younger than 50 years was significantly higher than those older than 50 years (P<0.001). Moreover, a
statistically significant difference was observed between the means of the best regional TBS in all study groups
(P<0.001). This study showed the lumbar spine TBS had a negative correlation with body mass index in women,
while this correlation was not significant in men.

Conclusion: Trabecular bone score can be conducted as a complementary index along with BMD, it can be
employed independently as an appropriate indicator for osteoporosis.
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Introduction

Osteoporosis is a skeletal disorder associated
with weakened bones and increased
susceptibility to fractures. It is recognized as a
primary global health concern (1,2). The bone
mineral density (BMD) test is a conventional
technique for diagnosing osteoporosis,
assessing the need for therapy in at-risk
individuals, and evaluating the effectiveness
of osteoporosis treatments (3). In general,
bone mineral content increases during growth
and reaches maximum density at puberty, and
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Key point

Although BMD is a principal method for diagnosing
osteoporosis, TBS is recognized as a novel
technique that can provide underlying bone texture
information without applying bone-mineral density.
In this study, we found TBS can be conducted as a
complementary index along with BMD; it can be
employed independently as an appropriate indicator
for osteoporosis.

ability of fracture except for the spine and
hip, which provides a better predictive ability

then it is lost with aging. A low-BMD results
from several reasons, including decreasing
bone absorption, increasing bone resorption,
or both states (4). Bone mineral densitometry
is a gold-standard method for diagnosing
osteoporosis (5,6). Low-BMD in untreated,
postmenopausal women is accompanied by a
high risk of bone fracture (7). In most sites,
BMD measurement has a similar predictive

of fractures in those places. It is necessary to
note that patients with or without osteoporotic
fractures have a broad overlap in BMD scores.
As several studies demonstrated, more than
50% of postmenopausal women with hip
fractures had T-scores higher than -2.5 (8,9).
One of the BMD test limitations is
the wvariations of the pharmacological
intervention threshold based on the patient’s
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underlying conditions. Likewise, in similar BMD values,
glucocorticoid-induced osteoporotic patients are more
likely to develop fractures than their postmenopausal
counterparts. The comparison of BMD test and age-
matched controls showed that although patients with type
2 diabetes had high mean BMD, these patients were at
higher risk of non-vertebral fractures (e.g., hip, proximal
humorous and foot) than the risk of vertebral fractures
(10,11).

The trabecular bone score (TBS) is a bone texture index
derived from the unique imaging dual-energy X-ray
absorptiometry (DXA) technique and provides additional
skeletal information than standard BMD measurements
(12). It is a gray-level texture measurement obtained from
experimental variograms of 2D-projection images and
involves quantifying the gray-level texture from one pixel
to adjacent pixels. The gray-level texture represents how
often a different combination of pixel values or gray levels
co-occur in an image (13). Although TBS does not directly
assess bone micro-architecture, it is related to 3D bone
characteristics, such as the trabecular number, separation,
and connectivity density (14,15). In the same way as BMD,
the lumbar spine TBS is an age-dependent predictor of
osteoporotic fractures (16).

Objectives

TBS and BMD have different units, but they are converted
into T-scores, which allows reliable comparison. This
study was conducted on 400 male and female participants
into three groups TBS and BMD. We assessed whether
TBS can be employed independently as an appropriate
indicator for osteoporosis and if the pattern of changing
its value in vertebras is similar to BMD.

Patients and Methods

Study design

This retrospective descriptive study has been developed
to assess the TBS and BMD values. It has been conducted
on 2106 patients referred to Resalat and Loghman Hakim
hospitals, Tehran, Iran. Finally, 400 eligible patients were
enrolled in the study. The inclusion criterion involved
individuals in the age range of 20-70 years with qualified
matched BMD. The BMD rule has been considered to
monitor its proper performance as a correct method.
Overall, the BMD value is supposed to be lower than 1.200
and it increases from L1 to L3, while it decreases from L3
to L4. In this case, the exclusion criteria were individual’s
age above 70 years, under 20 years, and non-enforcement
of the BMD rule (17).

The collected data included age, gender, body mass
index (BMI), and TBS values of spine L1, L2, L3, L4
separately and total L1-L4 vertebrae. The best region of
TBS was introduced as the region with increasing value
from L1-L3 or decreasing value from L3 to L4 under the
BMD rule. If all the vertebrae followed the rule, the total
L1-L4 was chosen. Otherwise, it was suggested to consider

the TBS values in the adjacent vertebrae that complied
with the rule as the best region of TBS. TBS was stratified
into three categories based on its values, entailing the
normal microarchitecture (NM) group with TBS >1.350,
partially degraded microarchitecture (PDM) group with
1.200< BS< 1.350, and fully degraded microarchitecture
(FDM) group with TBS <1.200. In addition, it was verified
whether the BMD rule has complied with TBS in the study
subjects or another best region would be chosen.

Data analysis

A dataset was provided by collecting data of 400 patients.
In this regard, these patients were first categorized into
three groups based on age and gender. The relationship
between BMD and TBS has been evaluated in each
group. Additionally, the effect of BMI on TBS has been
investigated in the study subjects. The mean and standard
deviation have been utilized to analyze quantitative data,
and the frequency and percentage have been conducted
to describe qualitative data. The chi-square test has been
considered to examine the relationship between qualitative
variables. Besides, the analysis of variance (ANOVA)
has been employed to compare the quantitative variables
between the study groups. The Tukey post hoc test has been
performed as needed. In addition, the Pearson’s correlation
coefficient has been calculated to evaluate the relationship
between quantitative variables. Weighted kappa has been
computed to check the agreement between the TBS results
and the best region. R software version 3.6.1 has been used
to analyze the collected data. It is essential to note that the
significance level for statistical tests was set to 5%.

Results

A total of 400 people participated in our study. These
people included 55 males (13.8%) and 345 females
(86.3%). Besides, the mean age of the participants was
53.85+10.26 years. The youngest and oldest patients were
21 and 70 years, respectively. The mean ages of male and
female participants were 54.04 + 10.92 and 53.83 £ 10 years,
respectively. The analysis results showed no statistically
significant difference between the ages of males and
females (P = 0.88). About 129 (32.3%) and 271 (69.1%)
patients had normal and abnormal BMI, respectively. In
addition, 4 (1%), 164 (41%), and 103 (25.8%) of patients
were underweight, overweight and obese respectively.

The patients were divided into three groups. Group 1
included 103 females (25.8%) <50 years, group 2 involved
242 females (60.5%) =50 years and group 3 consisted of 50
men (13.8%).

Some patients in each group had a BMI higher than
the normal range (i.e., normal range: 18.5-24.9 kg/m?).
These patients included 63 females (61.2%) in group I,
170 females (70.2%) in group 2, and 38 males (69.1%) in
group three. The results showed no statistically significant
difference in the ratio of abnormal BMI in none of the
study groups (P = 0.249; Figure 1).
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Figure 1. Description of body mass index of the subjects

Table 1 presents the mean TBS for different regions in
each study group. In group 1, the mean TBS for L1, L2,
L3, L4, and L1-1L4 were 1.42 + 0.104, 1.45 + 0.098, 1.44 +
0.094, 1.38 £ 0.092, and 1.42 +£0.083 , respectively. In group
2, the mean TBS for L1, L2, L3, L4, and L1-1L4 were 1.31
+0.127, 1.35 £ 0.109, 1.33 £ 0.099, 1.28 £ 0.105, and 1.32
+ 0.094, respectively. There was a statistically significant
difference between the mean TBS in the study groups
within all areas (P<0.001). The results of Tukey’s multiple
comparison tests in each region showed that the mean TBS
in group 1 was significantly higher than the mean TBS in
the other groups. In this case, P<0.001 was observed in all
binary comparisons between groups 1, 2 or 3.

There was no significant linear relationship between the
males’ age and TBS in different regions. While the females’
TBS significantly decreased with age. In this case, the r
values for L1, L2, L3, L4, and L1-L4 were -0.473, -0.471,
-0.511, -0.454, and -0.541, respectively. The results are
presented in Table 2.

In group 1, no statistically significant difference between
the BMI and mean TBS in L1 was detected (P=0.224).
In other regions like L2 (P=0.009), L3 (P=0.007), L4
(P=0.034),and L1-L4 (P=0.013), the mean TBS in females

Table 1. Mean TBS of different regions in the study group

with a normal range BMI was statistically significant
higher than those with an abnormal range BMI.

In group 2, no statistically significant difference
between the mean TBS of L2 in females with a normal or
an abnormal range BMI was seen (P=0.125). In all other
regions like L1 (P=0.027), L3 (P=0.004), L4 (P=0.001),
and L1-L4 (P=0.005), the mean TBS in females with a
normal range BMI was statistically significant higher than
those with an abnormal range BMI.

In group 3, the mean TBS value in males with a normal
range BMI was higher than in males with an abnormal
range BMI. However, there was no statistically significant
difference in any regions like L1 (P=0.184), L2 (P=0.613),
L3 (P=0.991),L4 (P=0.129),and L1-14 (P=0.332). These
results are provided in Table 3.

Among 400 study subjects, the TBS values of 27 (6.75%)
patients did not follow the BMD rule so they did not have
the TBS of best region, they were seven patients in group 1,
19 patients in group 2, and 1 patient in group 3. In others,
a statistically significant difference was found among the
mean TBS of the best region in all groups (P<0.001). This
value in group 1 was highest among the other two groups
(P<0.001).

There was no statistically significant difference between
the mean TBS value of the best region in terms of BMI
in group 1 (P=0.741), group 2 (P=0.240), and group 3
(P=0.304). These results are illustrated in Figure 2.

Besides, patients were categorized into
classes from the TBS viewpoint. According to the TBS
classification in group 1, 7 patients (6.8%) were unknown
because their TBS did not follow the rule. 81 (76.8%), 13
(12.6%), and 2 (1.9%) patients were NM, PDM, and FDM,
respectively. The best regions of TBS in 88 (85.4%), 14
(13.6%), and 1 (1%) patients were NM, PDM, and FDM,
respectively.

According to the TBS classification in group 2, 19
(7.9%), 103 (42.6%), 93 (38.4%), and 27 (11.2%) patients
were unknown, NM, PDM, and FDM, respectively. The

several

Group
Variable Female < 50 years Female 2 50 years Males P value
Mean = SD Mean = SD Mean = SD

L1 1.42 +0.104 1.31+0.1272 1.31+0.1112 < 0.001

L2 1.45 +0.098 1.35 £0.109° 1.37 £0.104° < 0.001

L3 1.44 +0.094 1.33 +£0.099* 1.36 +0.098* < 0.001

L4 1.38 £ 0.092 1.28 £0.105° 1.32 £0.099° < 0.001

L1-L4 1.42 +0.083 1.32 +0.094* 1.34 +0.099* < 0.001
2 Statistically significant compared to group 1.
Table 2. Correlation between age and mean trabecular bone score in different regions based on gender

Regions
L1 L2 L3 L4 L1-L4
Male Pearson correlation (P value) 0.131(0.341) -0.004 (.979) -0.026 (0.851) 0.021(0.877) 0.029 (0.834)
Gender Female  Pearson correlation (P value) -0.473 (<0.001) -0.471(<0.001)  -0.511(<0.001) -0.454(<0.001)  -0.541(<0.001)

Immunopathologia Persa Volume X, Issue x, 2022 | 3



Rajaei et al

Table 3. Comparison between mean TBS according to the BMI categories and study groups

Regions
Group BMI category
L1 L2 L3 L4 L1-L4
Normal 1.44 £ 0.093 1.48 £ 0.079 1.47 £ 0.064 1.41 £ 0.079 1.45 + 0.059
Females < 50 years Abnormal 1.41+£0.111 1.43 £0.105 1.42 +0.104 1.37 £0.097 1.41 +0.092
P value 0.224 0.009 0.007 0.034 0.013
Normal 1.34 +£0.107 1.37 £ 0.099 1.36 £ 0.092 1.32 £ 0.094 1.35+0.083
Females =50 years Abnormal 1.30+£0.133 1.35+0.113 1.32 £0.100 1.27 £0.107 1.31 £ 0.097
P value 0.027 0.125 0.004 0.001 0.005
Normal 1.34 £ 0.088 1.38 £0.072 1.36 £0.107 1.35 £ 0.070 1.36 + 0.065
Males Abnormal 1.30+0.119 136 £0.116 1.36 + 0.095 1.30+£0.108 1.33 +£0.100
P value 0.184 0.613 0.991 0.129 0.322

BMI, body mass index; TBS, trabecular bone score.

best regions of TBS in 92 (38%), 124 (51.2%), and 26
(10.7%) patients were NM, PDM, and FDM, respectively.

According to the TBS classification in group 3, 1
(1.8%), 21 (38.2%), 30 (54.5%), and 3 (5.5%) patients
were unknown, NM, PDM, and FDM, respectively. The
best regions of TBS in 22 (40%), 29 (52.7%), and 4 (7.3%)
patients were NM, PDM, and FDM, respectively. There was
a significant association between the results of these two
quantities from the weighted kappa viewpoint. Therefore,
if women < 50 years (group 1), the weighted kappa = 0.881,
95% CI (0.769-1; P<0.001). If women >50 years (group
2), the weighted kappa = 0.715, 95% CI (0.637-0.794;
P<0.001). If the patient was men (group 3), the weighted
kappa = 0.845, 95% CI (0.714-0.976; P<0.001). Figure 3
depicts these outcomes.

The data analysis showed that the TBS decreased from
L1 to L2 in 116 patients (29%), remained unchanged in
two patients (0.5%), increased up to 10% in 227 patients
(56.8%), and enhanced by more than 10% in 55 patients
(13.8%). Besides, the TBS decreased from L2 to L3 in 238
patients (59.5%), it remained unchanged in five patients
(1.3%), increased up to 10% in 145 patients (36.3%),
and enhanced by more than 10% in 12 patients (3%). As
shown, this values decreased by 10% from L3 to L4 in 102
patients (25.5%), reduced up to 10%, and declined by more
than 10% in 53 patients (13.3%). Accordingly, changes
from L1 to L3 were associated with increasing TBS in

BMI
category
W hormal

@ Abnormal

t1 Tyt 1

1.000

Mean TBS at best region

0500

0.000
Female <50 years Female >=50 years Wales
Group

Error Bars: 95% CI

Figure 2. Mean TBS at best region in terms of body mass index in
study groups.

233 patients (58.3%), while variations from L3 to L4 were
accommodated to decreasing TBS in 298 patients (74.5%).
In 197 patients (49.3%), the TBS increased from L1 to L3
and decreased from L3 to L4.

Discussion
A retrospective descriptive study has been developed to

(a)

a0 7870%

result
region
DM
W PDM
HFOm

Percent

unknown NDM PDM FDM
TBS result

(b) rosut

region

8E% WPOM

Percent

3% 372%

unknown NDM PDM FDM

TBS result

(C) - result

region

Percent

unknown NDM PDM FDM

TBS result

Figure 3. Distribution of study group members by TBS result level
and result region. (a) Women under 50, (b) Women over 50 and (c)
Men.
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assess the TBS and BMD in 400 patient. We observed in
all regions, the TBS in women <50 years was higher than
in other subjects. Schousboe et al (17)found a relationship
between high TBS and age in men.

Ho-Pham et al (18) reported that the average TBS in
men was higher than in women. In our study, women <50
years had mean TBS value higher than women >50 years or
men. These results may arise from the effect of menopause
on the TBS in women. A statistically significant correlation
was observed between aging and lower TBS in women but
not in men. In this regard, Dufour et al (19) found that
TBS decreased with aging in both genders, contradicting
our findings. However, they reported that patients with a
high BMI had a lower TBS. This finding has been matched
with ours. In addition, we found that patients with a
normal BMI had a higher TBS than the other case.

Kim et al (20) observed a significant relationship
between BMI and TBS in both genders. They reported
that the correlation coefficient in men increased from
the normal to the osteoporotic groups. They observed a
significant positive correlation between height and TBS in
women. However, a significant negative correlation was
found between weight and TBS in men. Then, the authors
concluded that TBS negatively correlated to BMI and
weight. We observed no correlation between BMI and TBS
in males, but a significant correlation was found between
BMI and TBS in females. This finding has been matched
with the results reported by Kim et al (20).

As we founded, at least 65% of patients had an increase
of 10% or more in TBS value from L1 to L2. Besides, 39%
of patients showed an increase of 10% or more in TBS
value from L2 to L3. But 60% of patients demonstrated
TBS reduction in this area. In addition, 75% of patients
had a TBS decline from L3 to L4.

Rouxetal (21) observed no correlation between TBS and
BMD. However, we proved that TBS could measure bone
texture quality, and it is somewhat a valuable alternative
for BMD.

Conclusion

The analyses showed a significant difference between the
TBS values in women with an age range under and above
50 years. Younger women had a higher TBS values in their
lumbar vertebrae than older women. No relationship was
found between the men’s age and TBS value in the lumbar
vertebrae. The lumbar spine TBS negatively correlated
with BMI in women, while it did not correlate with BMI
in men. In most patients, the TBS complies with a similar
rule as BMD, and thus it can be employed as a solitary or
complementary index for evaluating the bone quality.

Limitations of the study

One of the limitations was related to the patients’
dissatisfaction with participating in this research. Besides,
there were some cofounder non-adjusted variables like
patient’s comorbidities. Another limitation was dealing

Differences between TBS and BMD

with the low men population. It is possible the non-
significant relationship between TBS and BMI or age in
the men population arises from the few populations of
men.
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