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Abstract
Background: Rheumatoid arthritis (RA) presents with inflammation in the joints and bony tissues around them. The trabecular bone 
score (TBS) is a relatively new indicator that predicts fracture risk better than bone mineral density (BMD). The aim of the current 
study was to measure TBSs and BMD of patients with RA referring to Resalat Hospital, Tehran.
Methods: In this descriptive cross-sectional study, 129 men and women with RA entered the study through convenient sampling 
during 2016. TBS and BMD were measured in L1-L4. The relationships between age, sex, body mass index (BMI), duration of 
disease, and daily corticosteroids dose with TBS and BMD were determined by chi-square test, independent samples t test, Pearson 
correlation, and linear and logistic regression.
Results: The TBS of 34.9%, 31.8%, and 33.3% of study subjects were higher than 1.35, 1.25–1.35, and lower than 1.25, respectively. 
The prevalence of TBS lower than 1.25 was 48.7% in women aged age more than 50 years. Age was the only predictor of low 
TBS in patients with RA. TBS and BMD were positively correlated in vertebral and hip bones. In women older than 50 years, BMI 
(-1.292) and age (-1.330) were predictors of low TBS.
Conclusion: One-third of patients with RA were at risk of fracture. Gender and BMI were two factors which affected the TBS. This 
index can show the effect of disease on bones, which is related to age.
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Introduction
Rheumatoid arthritis (RA) is the most prevalent 
inflammatory disease of the joint.1 Its skeletal complications 
include marginal and subchondral focal lesions, articular 
osteoporosis, reduced bone mass along with general bone 
loss. Patients with RA experience 3.9% decrease in bone 
mineral density (BMD) in the lumbar spine and 2.5% in 
the femoral neck, respectively.2,3

The leading cause of osteoporosis and localized 
bone erosion is chronic inflammation of the synovial 
membranes. In addition, decreased bone mass is also 
associated with numerous well-known factors in RA such 
as the severity of disease activity, female gender, older age, 
glucocorticoid use, and reduced motility. These factors 
are independently and significantly related to disease 
progression.4-6 Also, decreased levels of total active vitamin 
D have been reported in RA patients, which is related 
to increased disease activity and musculoskeletal pain.7,8 
Bone loss, bone erosion, and osteoporosis are seen in RA.9

Numerous studies have shown a common cellular 
pathway of the erosions seen in RA and osteoporosis, 
involving inflammatory activation of osteoclasts and 
decreased osteoblast activity.10

Decreased BMD in RA patients increases the risk of 

fracture and overall mortality, especially in women of the 
postmenopausal age.11 Measurement of loss of BMD by 
digital X-ray radiogrammetry in the hand is a quantitative 
method for early detection of osteoporosis by measuring 
the amount of minerals in the bone.12 Numerous studies 
have shown reduced bone density in RA13-17; however, 
mineral BMD alone is not a good predictor of the risk of 
bone fracture in these patients.18

Bone mineral densitometry is one of the diagnostic 
methods in which weak X-ray waves are used to 
determine bone density to measure the risk of fracture 
and osteoporosis. This index is more indicative of bone 
quantity and less indicative of bone quality.19-21

Bone quality can predict osteoporosis and bone fractures 
better than the quantity of minerals inside the bone. The 
trabecular score examines the bone microstructure and 
mostly represents bone quality. The bone microstructure is 
associated with bone mechanical strength and can predict 
bone fracture. For this reason, two bones with similar 
density may have different strengths.21, 22

Loss of bone in osteoporosis is also associated with 
changes in the structure of the bone. The results of some 
studies have shown that this index can better indicate bone 
strength status.19,20,23 Few studies have been performed to 
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determine the factors affecting the trabecular bone score 
(TBS) in patients with RA. The purpose of this study 
was to measure the TBS in patients with RA in Resalat 
Hospital, Tehran, in 2016.

Materials and Methods
In this descriptive cross-sectional study, TBS was 
determined in patients with RA in Resalat Hospital in 
Tehran in 2016. A minimum sample size of 87 individuals 
was calculated by selecting a standard deviation of 0.19 
based on the study by Pothuaud et al,24 and 95% confidence 
level and 0.04 error. Finally, in this study, considering the 
probability of sample attrition, 129 patients with RA who 
referred to Resalat hospital in Tehran were selected and 
evaluated by sequential non-probability sampling.

Bone mineral densitometry was performed for all 
patients in the lumbar region of the pelvis using a 
Discovery W (S/N 83167) homologous device using 
digital X-ray radiogrammetry. Densitometry is reported as 
grams per cm3. The mean and standard deviation of the 
T-score are also reported and compared with a group of 
healthy 30-year-old individuals of the same sex.

A T-score greater than (-1) is considered as normal, 
range of -1 and -2.5 as osteopenia and less than -2.5 as 
osteoporosis (in this case, bone density is 2.5 standard 
deviations lower than the lowest mean in a 30-year-old 
man or woman). The TBS indicates the difference in 
gray levels in digital X-ray radiogrammetry. Low values of 
bone trabeculae indicate weak structure and higher values 
indicate strong structure.

In the present study, lumbar spine mineral densitometry 
in L1-L4 vertebrae was expressed as mean by removing 
fractured or deformed vertebrae (due to osteoarthritis). 
Patients’ TBS was also analyzed in the L1-L4 lumbar 
vertebrae and all vertebrae removed in BMD examination 
were also removed in the TBS test.

TBS is classified as follows: Fully degraded 
microarchitecture: TBS equal to or less than 1200; 
Partially degraded microarchitecture: TBS between 1.200 
and <1.350; and Normal microarchitecture: TBS more 
than 1.350.

Statistical Analysis
The SPSS 16 software was used to analyze data using chi-
square test, independent t test, Pearson correlation, and 
linear and logistic regression (backward method). The 
significance level of all tests was considered to be less than 
0.05.

Results
In this study, 129 patients including 20 males (15.5%) and 
109 females (84.5%) were enrolled. The mean ± standard 
deviation (SD) of age was 56.33 ± 13.46 years. The mean 
± standard deviation of body mass index (BMI) was 27.87 
± 5.24 (kg/m2).

Mean ± SD of disease duration was 6.91 ± 4.14 years; 
54.3% of patients did not take corticosteroids, 19.4% (25 
patients) used less than 5 mg corticosteroids daily, and 
26.4% (34 patients) used more than 5 mg daily.

Mean (SD) of BMD was 0.73 (0.13) and 0.92 (0.14) in 
the pelvis and lumbar spine, respectively. Mean TBS ± SD 
was 1.30 ± 0.11. Also, 34.9% of patients had a trabecular 
index more than 1.35, while for 31.8%, it was between 
1.25–1.35 and for 33.3%, it was less than 1.25.

There was a significant and inverse correlation between 
age and pelvic-lumbar bone density and TBS (P < 0.05). 
There was a direct correlation between BMI and bone 
density in the lumbar area and a negative correlation with 
the TBS (P < 0.05).

There was also a significant and inverse correlation 
between duration of disease and pelvic and lumbar bone 
density and TBS (P < 0.05). The correlation between TBS 
and lumbar and pelvic density was statistically significant 
(P < 0.05) (Table 1).

Pelvic bone density was significantly different between 
the males and females, with men having a higher score. 
The rest of the indices showed no significant difference 
between men and women, or between those taking less 
than 5 mg/day of corticosterone and those taking more 
than 5 mg/day. (Tables 2 and 3).

Table 4 presents the linear regression analysis of the 
three models associated with the three indices investigated. 
Linear regression analysis showed that age was a predictor 

Table 1. Correlation between Age, Body Mass Index and Duration of Disease with Bone Density and Trabecular Bone Score

Age Body Mass Index Duration of Disease Pelvic Bone Density Lumbar Bone Density

Body mass index
Correlation coefficient -0.064

P value 0.470

Duration of disease
Correlation coefficient 0.098 -0.166

P value 0.450 0.201

Pelvic bone density
Correlation coefficient -0.461** 0.222* -0.318*

P value <0.001 0.011 0.012

Lumbar bone density
Correlation coefficient -0.324** 0.277** -0.308* 0.671**

P value <0.001 0.001 0.016 <0.001

Trabecular bone score
Correlation coefficient -0.508** -0.295** -0.284* 0.465** 0.521**

P value <0.001 0.001 0.027 <0.001 <0.001
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of decreased TBS. Thus, with each year increase in age, the 
TBS decreased by 0.04 (R2 = 0.266).

Regarding pelvic bone density, BMI was predictive of 
BMD, and by increasing one unit in BMI, 0.009 was 
added to bone density (R2 = 0.131). With each year 
increase in age, lumbar BMI decreased by 0.004, with 
increasing one unit in BMI, a 0.009 increase was shown in 
lumbar BMD, and women had 0.132 lower lumbar BMD 
than men (R2 = 0.370).

According to the results of Table 5, there was an 
association between TBS and bone density, such that with 
increasing bone density, the TBS also increased. Logistic 
regression was performed by placing the subjects in two 
groups of TBS <1.25 and greater than 1.25. The results 
showed that the risk of fractures increased by 1.12 times 

with each year increase in age and the risk of fracture 
increased by 1.31 times with each unit increase in BMI 
(Table 6).

Using statistical tests on women older than 50 years as 
the index group, the results showed that the risk of fracture 
increased 1.29 times with one unit increase in BMI, and 
1.33 times with each year increase in the duration of 
disease.

Discussion
According to the results of this study on RA patients in 
Resalat Hospital in Tehran in 2016, a high percentage of 
RA patients were at high risk of osteoporosis and bone 
fracture and more than one-third of RA patients were at 
risk for pathologic fractures. By setting a TBS of less than 

Table 2. Comparison of Gender Trabecular Bone Score, Lumbar Spine and Pelvic Density Base on Gender

Gender
Mean Difference (95 % CI) P Valuea

Male Female

Trabecular bone score 1.33 ± 0.09 1.30 ± 0.12 0.031 (-0.024, 0.087) 0.27

Pelvic bone density 0.79 ± 0.11 0.72 ± 0.13 0.076 (0.011, 0.140) 0.02

Lumbar bone density 0.93 ± 0.14 0.92 ± 0.14 0.014 (-0.057, 0.085) 0.69

a Independent t test.

Table 3. Comparison of Gender Trabecular Bone Score, Lumbar Spine and Pelvic Density Based on Daily Corticosteroid Usage

Daily Corticosteroid Usage
Mean Difference (95 % CI) P Valuea

>5 mg/d <5 mg/d

Trabecular bone score 1.30 ± 0.11 1.30 ± 0.12 -0.0003 (-0.046, 0.045) 0.988

Pelvic bone density 0.72 ± 0.13 0.73 ± 0.13 -0.007 (-0.061, 0.046) 0.784

Lumbar bone density 0.92 ± 0.15 0.93 ± 0.13 0.009 (-0.049, 0.068) 0.757

a Independent t test.

Table 4. Linear Regression of Bone Trabecular Score Predictors

Model
Not Standardized Coefficients

P Value
Beta (95% CI)

Trabecular bone score Age (y) -0.004 (-0.006, -0.003) 0.001

Pelvic bone density Body mass index (kg/m2) 0.006 (0.001, 0.010) 0.005

Lumbar bone density

Age (y) - 0.004 (-0.005, -0.002) 0.001

Body mass index (kg/m2) 0.009 (0.004, 0.013) 0.002

Gender - 0.069 (-0.138, -0.001) 0.047

Table 5. Relationship of Bone Density T Score with Trabecular Bone Score

Bone Density T Score
P Value

>(-1) (- 1 to -2.5 ) > (- 2.5)

TBS

TBS ≤1.200 7 (14% ) 27 (49.1%) 11 (45.8) 

TBS >1.200 and <1.350 14 (28% ) 16 (29.1% ) 11 (45.8%) χ2= 27.914, df = 4, P < 0.001

TBS >1.350 29 (58% ) 12 (21.8% ) 2 (8.3%) 

TBS, trabecular bone score.
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1.25 as the cutoff value for fracture risk, the results showed 
that elevated BMI and duration of RA were predictors of 
increased risk of fracture.

The TBS is a newer parameter that examines bone 
microstructure quality while bone density measures the 
amount of minerals present in bone. The results showed 
that this parameter indicated the possibility of predicting 
bone strength in the face of blows and is a more accurate 
index.

RA has been shown to affect bone density. In this 
study, we showed that more than one-third of people 
with RA had a trabecular score of less than 1.25, and this 
percentage was about half of the sample in women over 
50 years of age. In women over 50, the risk of fracture 
increased with increasing BMI and duration of disease. 
Previous research has also shown that RA can alter bone 
structure,25,26 and an association has been shown between 
BMI and osteoporosis.27-30 However, previous studies have 
suggested BMI as a protective factor against the decrease 
in BMD.31,32

The results of this study showed that menopausal 
women with RA are more likely to have decreased bone 
quality with increased BMI. Longer duration of the 
disease was also associated with increased risk of fracture in 
postmenopausal women – a result that has been considered 
in previous studies. This is a conclusion that needs further 
investigation.

In the present study, no association was seen between 
gender and increased risk of fracture, and gender did 
not predict a decrease in TBS. Studies have shown 
that postmenopausal women are at higher risk for 
osteoporosis.33,34 In the present study, the probability of 
being in the high-risk group for fractures in women was 
close to 50%, while in the total sample, it was slightly 
over 30%, indicating that menopausal women are more 
likely to have fractures. Increasing age was a predictor of 
increased risk of fracture, which has been confirmed in 
previous studies.35-37

The duration of illness in postmenopausal women was 
one of the predictors of a higher risk of fracture. 

Like other studies, our research also had some limitations; 
one of the critical limitations of the present study was 
its cross-sectional nature, which makes it impossible 
to evaluate reverse causality and the consequences of 
decreased TBS in the development of true fracture. It is 

Table 6. Logistic Regression of Factors Associated With Fracture Risk

Odds Ratio CI P Value

Gender 2.060 (0.174, 24.456) 0.567

Age (y) 1.128 (1.036, 1.229) 0.006

Body mass index (kg/m2) 1.319 (1.074, 1.618) 0.008

Dosage of corticosteroid (mg) 0.565 (0.122, 2.613) 0.465

Duration of disease (year) 4.506 (0.834, 24.337) 0.080

recommended that cohort studies should be performed on 
these patients with follow-up of actual fractures as well as 
changes in TBS and BMD.

The small sample size in some subgroups, suggesting a 
possibility of sparse-data bias, should also be considered as 
a limitation of our study.

Another limitation of the study is the criterion of risk. 
Bone trabecular score under 1.25 has been established in 
postmenopausal women, while no criteria are available 
for other groups; therefore, no proper comparison can be 
made between the sexes or between postmenopausal and 
non-menopausal women. Future studies with large sample 
sizes on patients of both sexes and women of reproductive 
age are recommended. TBS helps diagnose cases requiring 
treatment or at least more careful follow-up. TBS is also 
valuable in obese and older patients with spinal cord 
changes due to degenerative joint disease and is very 
helpful in identifying those who are at risk of fractures.

In conclusion, in this study, increasing BMI and duration 
of RA were related to the increased risk of bone fractures 
due to osteoporosis. So, it could be concluded that special 
attention should be paid to higher weight women with 
RA with a more extended period. Overall, age predicts 
a decrease in the TBS; so, people with RA need more 
attention and interventions should be developed to reduce 
the effects of the disease, especially on the bones.
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