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Abstract The aim of this study was to investigate the
association of vertebral deformities developed as a
result of osteoporosis in female patients with rheuma-
toid arthritis (RA) with bone mineral density (BMD)
and disease activity parameters. In the study, 100
female patients with the diagnosis of RA and 56
healthy subjects were recruited. Erythrocyte sedimen-
tation rate (ESR), C-reactive protein (CRP) and rheu-
matoid factor (RF) tests were performed and the
number of swollen and tender joints, level of pain and
health assessment questionnaire (HAQ) were
recorded in order to evaluate disease activity. Antero-
posterior and lateral thoracic and lumbosacral roent-
genograms of all patients were taken for radiological
examination and deformities of vertebrae were
assessed. BMD measurements of patients were per-
formed on vertebrae L1–4 of lumbar region and on
total hip, femur neck, trochanter and Ward’s triangle
of the right side. Vertebral deformity was established
in 30% of RA patient group and 7.1% of control group
and this was statistically signiWcant. In the statistical
analysis, no statistically signiWcant diVerence was found
between BMD measurements of RA and control
groups. Patients with RA were divided into two sub-

groups with regard to using corticosteroids (CS) or not.
Vertebral deformity was 32.4% in the subgroup using
CS and 24.1% in the subgroup not using CS, and the
diVerence was not statistically signiWcant. There was a
correlation between number of deformed joint and age
and vertebral deformity incidence. RA is a risk factor
on its own for the development of osteoporosis and
vertebral deformity and this risk increases by age,
excess number of deformed joints and severe course of
disease. We think that precautions should be taken
immediately to suppress the disease activity as well as
to protect the quality and density of bone and to pre-
vent the development of vertebral deformity and frac-
ture while planning the treatment of patients with RA.
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Introduction

Rheumatoid arthritis (RA) is the most common
inXammatory arthritis aVecting 0.5–1% of the general
population worldwide and although RA is properly
considered a disease of the joints, it can cause a variety
of extra-articular manifestations [1]. One of the well
known extra-articular manifestations of RA is osteopo-
rosis [2]. Two types of osteoporosis, peri-articular and
generalized, are seen in RA. It was demonstrated that
drugs used in treatment of RA, including corticoster-
oids (CS), were associated with increased local inXam-
matory activity of peri-articular osteoporosis and
decreased disease activity of generalized osteoporosis
[3–5]. For the diagnosis of osteoporosis, to measure the
bone mineral density (BMD), dual energy X-ray
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absorbsiometry (DEXA) method is commonly used.
According to World Health Organization (WHO) cri-
teria, values · ¡2.5 SD of T score are considered as
osteoporosis [4, 6, 7]. Many studies reported that along
with osteoporosis prevalence of vertebral deformity
was increased in RA [2, 8, 9]. Vertebral fractures are
usually asymptomatic and may appear during normal
daily activity, have an association with increased mor-
bidity and mortality, and are risk predictors for devel-
opment of additional osteoporotic fracture [10, 11].

This study investigated the association of vertebral
deformities developed as a result of osteoporosis with
BMD measurements and disease activity parameters in
female patients with RA.

Materials and methods

One hundred female RA patients diagnosed according
to the American College of Rheumatology (ACR) cri-
teria [12] and 56 healthy subjects were recruited to the
study. Patients with a disease inXuencing the bone
metabolism, with high levels of parathormone (PTH),
alkaline phosphatase (AP), and high calcium excretion
in 24-h urine and patients that received drugs for the
treatment of osteoporosis prior to the study were
excluded. Before the study, all patients had physical
examination thoroughly and the number of swollen,
tender, and deformed joints and body mass index
(BMI) were recorded. Subsequently, via laboratory
analysis, complete blood count (CBC), erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP),
rheumatoid factor (RF), and biochemical analysis
including BUN, creatinine, Na, K, Ca, P, AP, SGOT,
SGPT, GGT, uric acid, total protein, and albumin were
performed. Also, 24 h urine samples were obtained
from all the patients for urinalysis.

All patients were questioned for menarche age,
menopause age, smoking habits, estrogen treatment,
use of CS, and disease modifying drugs.

General disease activity and pain were measured
using visual analogue scale (VAS) by both the patient
and the doctor. In addition, functional status of all
patients was assessed using health assessment ques-
tionnaire (HAQ) [13].

Anteroposterior and lateral thoracic and lumbosa-
cral roentgenograms of all patients were taken as
radiological examination and deformities in thoracic
and lumbar vertebrae were evaluated by a radiologist
according to the semi-quantitative method described
by Genant et al. [14]. In respect to this method, in ante-
rior posterior or middle parts of vertebrae, 20–25% loss
of height (grade 1), 25–40% loss of height (grade 2),

>40% loss of height (grade 3) were considered as mild,
moderate, and severe deformity, respectively.

BMD measurements of patients were performed on
vertebrae L1–4 of lumbar region and on total hip,
femur neck, trochanter, and Ward’s triangle of the
right side using Hologic QDR 2000 DEXA device
(Hologic Inc, Waltham, MA, USA). Results were
recorded as gram per square centimeter.

All measurements of patients and healthy subjects
were compared using the statistical software SPSS ver-
sion 10.0 (SPSS Inc, Chicago, IL, USA). DeWnitive sta-
tistics were presented as mean § SD. For inter-group
comparisons “signiWcance of diVerence between two
independent groups test” was used and P < 0.05 was
considered signiWcant.

Results

A total of 100 female patients with RA were included
in the study. About 60 female patients were in post-
menopausal, 40 female patients were in premenopau-
sal period, and their ages ranged from 24 to 76 years
(mean 52.7 § 12.2 years). About 56 healthy women
were taken as the control group of which 34 of them
were in postmenopausal and 22 of them were in pre-
menopausal period, and their ages ranged from 29 to
70 years (mean 52.7 § 13.9 years). Statistical analysis
showed no signiWcant diVerence in age between
patients with RA and the control group (P > 0.05).

BMI values were 29.6 § 5.3 kg/m2 in the patient
group, 29.9 § 5.4 kg/m2 in the control group, while
menarche age was 13.8 § 1.9 years in the patient group
and 14.2 § 1.5 years in the control group, and with the
analysis no statistically signiWcant diVerence was deter-
mined between the two groups (P > 0.05).

While mean menopausal age was 47.4 § 0.5 years in
the patient group, it was found 44.4 § 8.5 years in the
control group, but there was no statistically signiWcant
diVerence (P > 0.05). Rate of estrogen use was 6% in
the patient group, 10.7% in the control group, and
smoking rate was established to be 16 and 21.4%,
respectively, but between patient and control groups
no statistically signiWcant diVerence was found
(P > 0.05).

Former nonvertebral fracture incidence in patients
with RA was 15 and 17.9% in the control group, but
the diVerence between groups was not statistically sig-
niWcant (P > 0.05). The results are summarized in
Table 1.

The mean BMD that was measured at the L1–4
region was 0.864 § 0.184 g/cm2, at the total hip was
0.807 § 0.163 g/cm2, at the femur neck was
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0.749 § 0.146 g/cm2, and at Ward’s triangle was
0.623 § 0.197 g/cm2 in the patient group, and these val-
ues were 0.900 § 0.173, 0.812 § 0.163, 0.758 § 0.142,
and 0.625 § 0.209 g/cm2 for the control group, respec-
tively. Statistical analysis revealed no signiWcant diVer-
ence between the groups (P > 0.05). In the patient
group, we observed 30% vertebral deformity rate
where as in the control group this rate was 7.1% and
the diVerence was statistically signiWcant (P < 0.05).
The results are given in Table 2.

RA patient group was reassessed for CS use by
dividing into two subgroups. Thus, 71 patients with RA
using CS were compared with 29 patients with RA not
using CS in terms of demographical and clinical param-
eters. For the CS group daily dose of CS was 2.5–15 mg
(mean 7.06 § 2.31 mg), duration of treatment was

1–168 month (mean 35.45 § 36.48 month) and the
cumulative dose was 0.15–36 g (mean 7.48 § 8.56 g)
and no statistically signiWcant diVerence was deter-
mined (P > 0.05). In patients using CS, BMD measure-
ments were 0.853 § 0.183 g/cm² at L1–4, 0.803 §
0.154 g/cm² at the hip, 0.739 § 0.134 g/cm² at femur

neck, and 0.611 § 0.172 g/cm2 at Ward’s triangle, while
in the group not using CS, BMD values were estab-
lished as 0.894 § 0.187, 0.820 § 0.187, 0.776 § 0.172
and 0.655 § 0.248 g/cm2, respectively, but between two
groups no statistically signiWcant diVerence was
observed (P > 0.05). When groups were evaluated with
regard to vertebral deformity, although a higher rate of
deformity was observed in the group using CS (32.4%)
when compared with the group not using CS (24.1%),
the diVerence was not statistically signiWcant
(P > 0.05). Results are summarized in Table 3.

As the group of patients with RA was reassessed,
vertebral deformity was observed in 30 patients. Evalu-
ation of the vertebral deformity between the regions of
dorsal 4 to lumbar 5 by the Genant method revealed
grade 1 deformity in 66 vertebrae (85.71%), grade 2
deformity in 7 vertebrae (9.09%), and grade 3 defor-
mity in 4 vertebrae (5.19%). When we examined the
patients individually we observed only 1 deformity in 9
patients (30%), 2 deformities in 6 patients (20%), and
3 or more deformities in 15 patients (50%). Most of the
deformities were at mid-thoracic and thoraco-lumbar
regions (Fig. 1). The statistical analysis showed that
RA patients with vertebral deformity were signiWcantly
older and had more deformed joints than the RA

Table 1 Demographic and clinical parameters of RA patient and
control groups

BMI Body mass index, HAQ health assessment questionnaire,
VAS-P visual analogue scale-patient, VAS-D visual analogue
scale-doctor, GLOB-D global assessment score-doctor, DMARD
disease-modifying antirheumatic drug, Former NV fracture
former nonvertebral fracture

Demographic variables Patients 
(n = 100)

Control 
(n = 56)

P

Age (year) 52.69 § 12.27 52.71 § 13.96 >0.05
BMI (kg/m2) 29.56 § 5.33 29.91 § 5.39 >0.05
Menarche age (year) 14.04 § 1.46 13.78 § 1.95 >0.05
Menopause age (year) 47.40 § 5.05 44.40 § 8.5 >0.05
Estrogen use (%) 6 10.7 >0.05
Smoking (%) 16 21.4 >0.05
Disease duration (year) 8.93 § 7.28 –
HAQ 1.14 § 0.9 –
ESR (mm/h) 29.86 § 16.25 –
CRP (mg/l) 13.03 § 19.48 –
RF (IU/ml) 135.94 § 170.61 –
Swollen joint 1.64 § 3.36 –
Tender joint 7.54 § 9.95 –
Deformed joint 2.97 § 4.58 –
VAS-P 38.38 § 30.17 –
VAS-D 36.48 § 28.80 –
GLOB-D 33.3 § 25.11 –
Former NV fracture (%) 15 17.9 >0.05
DMARD (%) 94 –
Corticosteroid use (%) 71 –

Table 2 Comparative results of bone mineral density (BMD)
and vertebral deformity of RA patient and control group

Patient 
(n = 100)

Control 
(n = 56)

P

Femur neck (g/cm2) 0.749 § 0.146 0.758 § 0.142 >0.05
Total hip (g/cm2) 0.807 § 0.163 0.812 § 0.163 >0.05
Ward’s triangle (g/cm2) 0.623 § 0.197 0.625 § 0.209 >0.05
L1–4 (g/cm2) 0.864 § 0.184 0.900 § 0.173 >0.05
Vertebral deformity (%) 30 7.1 <0.05

Table 3 Comparative results of clinical, laboratory and bone
mineral density measurement parameters RA patient (n = 100)
subgroups using or not using corticosteroids

BMD Bone mineral density, BMI body mass index, DMARD dis-
ease-modifying antirheumatic drug, Former NV fracture former
nonvertebral fracture

Disease parameters Patients 
using CS 
(n = 71)

Patients 
not using 
CS (n = 29)

P

Age (year) 52.44 § 12.07 53.31 § 12.95 >0.05
BMI (kg/m2) 29.44 § 5.37 29.86 § 5.31 >0.05
Menarche (year) 14 § 1.43 14.14 § 157 >0.05
Menopause (year) 47.21 § 5.12 47.88 § 5.02 >0.05
Smoking (%) 9 (12.7) 7 (24.1) >0.05
Disease duration (year) 9.64 § 7.72 7.21 § 5.88 >0.05
Deformed joint 3.24 § 4.87 2.31 § 3.80 >0.05
Former NV fracture (%) 9 (12.7) 6 (20.7) >0.05
DMARD (%) 68 (95.8) 26 (89.7) >0.05
BMD femoral neck (g/cm2) 0.739 § 0.134 0.776 § 0.172 >0.05
BMD total hip (g/cm2) 0.803 § 0.154 0.820 § 0.187 >0.05
BMD Ward’s (g/cm2) 0.611 § 0.172 0.655 § 0.248 >0.05
BMD L1–4 (g/cm2) 0.853 § 0.183 0.894 § 0.187 >0.05
Vertebral deformity (%) 23 (32.4) 7 (24.1) >0.05
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patients without deformity (P < 0.001 and 0.05, respec-
tively). In contrast, no statistically signiWcant diVerence
was determined with respect to BMD measurements
between the two patient groups (P > 0.05). Results are
summarized in Table 4.

We observed only grade 1 vertebral deformities in
7.1% of the healthy control group.

Discussion

Osteoporosis is one of the well known extra-articular
complications of RA and it is shown that these patients
have an increased risk of vertebral and hip fracture [2].
Particularly, it is important to determine vertebral

deformities developing after vertebral fractures caused
by osteoporosis [15] as newly conforming deformity
risk increases 5–12 folds in association with number of
former deformities [11]. These deformities increase
morbidity and mortality, and bring along additional
osteoporotic fracture risk [10].

In a previous study, it has been reported that in
patients with RA, vertebral deformities were seen
more frequently compared to control group [8]. In our
study also, a signiWcantly higher rate of vertebral defor-
mity was established in patients with RA. In the
patient group, among the scanned 1,400 vertebrae, 77
of them were found to have vertebral deformity. In
previous studies, Orstavik et al. reported higher rates
of grade 2 and 3 vertebral deformity in RA patients [8,
10]. It has been suggested that osteoporosis observed
in RA patients were closely related to age, sex and
functional disability of the patient, dose and duration
of the CS treatment and activity and duration of the
rheumatic disease [2, 16–18]. Low incidence of grade 2
and 3 deformities, in our study, is likely because mean
disease duration of 8.93 years is signiWcantly shorter
than the mean disease durations, which are 16.6 and
16.7 years, in the other studies.

CS used in order to suppress the symptoms of
inXammation in RA may also have an inXuence on
bone metabolism [19]. In patients using CS, osteoporo-
sis is reported to develop related to hyperparathyroid-
ism secondary to decrease of intestinal calcium
absorption from the intestines and increase of renal
calcium excretion, inhibition of osteoblastic function
and growth factors and decrease of concentrations of
sex hormones [20]. Previously, in the study by Lems
et al. [11] that investigated the prevalence of vertebral
deformity in patient with RA, they determined
increased deformity incidence in patients with RA
both using and not using CS. Nijs et al. [21] reported
that, however, CS use in patients with RA increased
risk of vertebral deformity and symptomatic fracture;
this eVect could not attain signiWcant levels. In our
study, 71% of patients with RA were using CS and
when compared with the patients not using CS in terms
of demographic and clinical parameters, no statistically
signiWcant diVerence was found between these two
groups. In contrast, when we compared the BMD mea-
surements, although a reduction in lumbar and hip
regions as well as an elevation in vertebral deformity
incidence was determined in patients with RA, these
values could not reach statistically signiWcant levels.
Disease activity in patients with active RA is associated
with increased generalized loss of bone mass probably
because of increased release of bone-resorbing cyto-
kines, such as interleukin-1, interleukin-6, tumor

Fig. 1 Distribution of vertebral deformities along the spine
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Table 4 Comparative results of clinical Wndings and bone min-
eral density measurements RA patient subgroups with or without
vertebral deformity

BMD Bone mineral density, BMI body mass index, DMARD dis-
ease-modifying antirheumatic drug, Former NV fracture former
nonvertebral fracture

Variables With 
vertebral 
deformity
(n = 30)

Without 
vertebral 
deformity 
(n = 70)

P

Age (year) 58.40 § 9.39 50.24 § 12.60 <0.001
BMI (kg/m2) 29.92 § 5.92 29.40 § 5.23 >0.05
Smoking (%) 6 (20) 10 (14.3) >0.05
Disease duration (year) 10.13 § 7.87 8.42 § 7.01 >0.05
Number of deformed 
joints 

4.36 § 5.70 2.37 § 3.90 <0.05

Former NV fracture (%) 7 (23.3) 8 (11.4) >0.05
Coticosteroid use (%) 23 (76.7) 48 (68.6) >0.05
DMARD use (%) 29 (96.7) 65 (92.9) >0.05
BMD femoral 

neck (g/cm2)
0.739 § 0.147 0.754 § 0.147 >0.05

BMD total hip (g/cm2) 0.798 § 0.160 0.812 § 0.166 >0.05
BMD Ward’s (g/cm2) 0.621 § 0.142 0.647 § 0.212 >0.05
BMD L1–4 (g/cm2) 0.851 § 0.181 0.870 § 0.187 >0.05
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necrosis factor � and interferon-� [21]. Although osteo-
porosis develops in peripheral joints in early period,
longer time is required for development of generalized
osteoporosis. In our study, we did not Wnd any signiW-
cant diVerence between patient subgroups using and
not using CS with disease duration. Etiologies of osteo-
porosis in RA patients are multifactorial and besides
disease duration, reduced physical activity caused by
pain, inXammation and deformity are also important
factors. Currently, no consensus has been obtained on
whether low-dose steroid use in patients with RA is a
risk factor for generalized OP [22]. While low-dose CS
treatment may produce a negative eVect on bones, in
patients with high disease activity, suppression of
inXammation and increasing physical activity, as well
as mobilization of the RA patient may prevent the
development of osteoporosis [3].

Previous studies reported that patients with RA
who have vertebral deformity were older and that
presence of vertebral deformity was associated with
number of deformed joints [10, 23]. Both generalized
osteoporosis and joint erosion in patients with RA is
considered as a result of an increase in osteoclastic
activity [21]. However, we performed no radiographic
joint damage scoring in our study, and previous stud-
ies reported that number of deformed joints could
also be utilized as an alternative scoring that indi-
cated the joint damage [24]. Our study also found a
signiWcant association between age and vertebral
deformity and number of deformed joints in patients
with RA. In patients who have a high number of
deformed joints, besides more severe course of the
disease, development of functional disability in ear-
lier period leading the patients indispensably to live a
more sedentary life may have increased development
of osteoporosis and vertebral deformity risk.

Although there is a close relation between BMD
and vertebral deformity in postmenopausal osteoporo-
sis, such a relation cannot be mentioned in osteoporo-
sis secondary to inXammatory diseases or CS use [8].
Orstavik et al. [23] emphasized that RA patients with
low BMD values particularly had tendency to develop
vertebral deformity. Another study reported that RA
patients showed a higher rate of vertebral deformity
independent from BMD value and CS use [8]. Peel
et al. [9] determined no signiWcant diVerence of BMD
in RA patients using CS with or without vertebral
deformity. We also found no signiWcant association
with lumbar and femoral regions BMD and presence of
vertebral deformity. These results suggest that unlike
postmenopausal osteoporosis, diVerent etiopathoge-
netic mechanisms play a role in the development of
both osteoporosis and vertebral deformity in patients

with RA, so diVerent prevention and treatment princi-
ples should be carried out.

In conclusion, RA is a risk factor on its own for
development of osteoporosis and vertebral deformity
and this risk increases more by older age, excess num-
ber of deformed joints, and severe course of disease.
So, we think that for protecting the quality and density
of bone and to prevent the development of vertebral
deformity and fractures, precautions should be taken
immediately to suppress the disease activity while plan-
ning the treatment of patients with RA.
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