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Key messages

What is already known about this subject?
 ► An increased risk of vertebral fractures (VFs) 
has been reported in spondyloarthritis (SpA).

 ► However, the prevalence of VFs in patients with 
axial SpA is highly variable in different studies.

What does this study add?
 ► In this cohort of early SpA, the prevalence and 
incidence of VF in SpA was lower than that 
reported in previous studies.

 ► These discrepancies can be explained by 
the differences in the characteristics of the 
population and the methods of VF assessment.

How might this impact on clinical practice or 
future developments?

 ► Deformities of vertebral bodies are frequent 
in axial SpA, particularly at the thoracic spine, 
and some deformities may be confounded as 
a fracture, leading to an overestimation of 
fracture.

 ► This should be taken into account for the 
diagnosis of VF.

AbSTrACT
Objectives an increased risk of vertebral fractures 
(VFs) has been reported in spondyloarthritis (spa). Our 
hypothesis is that the prevalence of VFs is lower than 
reported in previous studies, especially in early spa. This 
study aimed at assessing the incidence of radiographical 
VFs over 5 years in early axial spa.
Methods The DesiR (Devenir des spondylarthropathies 
indifférenciées Récentes) cohort, which included patients 
with inflammatory back pain highly suggestive of axial 
spa, is the basis of this study. all radiographs of the 
DesiR cohort had been assessed at a central facility, by 
one investigator specialised in the field of the diagnosis 
of VFs according to Genant’s method. We assessed 
the prevalence and incidence of VFs and vertebral 
deformities at baseline and over 5 years.
results Five-year X-rays were available for 432 patients 
(mean age 34.3±8.7 years, 53% women). Diagnosis of 
VF was doubtful and needed adjudication for 19 patients 
(4.4%). 13 patients had prevalent VFs (3.0%) which 
were located at the thoracic spine (12 were grade 1). at 
5 years, five patients had an incident VF (1.15%); seven 
vertebrae were fractured, mostly located at the thoracic 
spine (n=6/7), and of grade 1 (n=6/7).
Conclusion in the DesiR cohort, a population of early 
spa, we found a low prevalence and incidence of VFs 
(3.0% and 1.15 %), respectively. This confirms our 
hypothesis that the actual prevalence and incidence of 
VFvertebral fracture in spa is lower than that reported in 
the previous studies.

bACKgrOund
Osteoporosis is a frequent complication of inflam-
matory rheumatic disorders and a well-recognised 
feature of axial spondyloarthropathy (axial SpA).1 
The disease is characterised by osteoporosis, osteop-
roliferation and spine ankylosis. The ankylosed 
spine is at risk of fractures. A case–control study 
of 53 108 patients with fractures using the Swedish 
National Hospital Discharge Register showed that 
the risk of fractures was higher in SpA than in rheu-
matoid arthritis (RA), and that the largest increase 
was for vertebral fracture (VF) (OR 7.1 and 2.7 for 
SpA and RA, respectively).2 However, decreased 
mobility might not be the single mechanism of bone 
fragility because low bone mineral density has also 
been observed in patients with early SpA.3 Systemic 
inflammation itself has a deleterious effect on bone 

remodelling, and this is the rationale for studying 
the potential positive bone effects of potent anti-in-
flammatory drugs.4–6

The prevalence of VFs in patients with axial SpA 
is highly variable in different studies, up to 30%.7–9 
These data are unexpected in a disease affecting 
a young population, predominantly males and 
without treatment with glucocorticoids. Actually, 
the definition of a VF varies among studies. The 
objective of our study was to assess the incidence 
of VFs in a cohort of early inflammatory back pain 
suggestive of early axial SpA over 5 years.

MeTHOdS
Population
The DESIR (DEvenir des Spondylarthropathies 
Indifférenciées Récentes) cohort is a longitu-
dinal prospective cohort studying subjects with 
inflammatory back pain (IBP) of recent onset and 
recruited from 25 regional centres in France. A 
detailed description of the centres, organisation of 
the cohort and full detailed protocol are available 
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online (http://www. lacohortedesir. fr).10 The cohort included 
patients aged over 18 years and under 50 years with IBP as 
defined by Calin and/or Berlin criteria for more than 3 months 
and less than 3 years and symptoms suggestive of SpA according 
to the local rheumatologist’s assessment (eg, score ≥5 on a 
numerical rating scale of 0–10, where 0 is not suggestive and 10 
is very suggestive of SpA).11

The exclusion criteria were other spinal disease clearly defined 
(eg, discarthrosis), history of any biotherapy, and history or 
current disorders that might interfere with the validity of the 
informed consent and/or prevent optimal compliance of the 
patient with the cohort. Corticosteroid intake was permitted 
only in doses of less than 10 mg prednisone per day and had 
to be stable for at least 4 weeks before baseline. A total of 708 
patients with IBP were included between October 2007 and 
April 2010. Patients were evaluated every 6 months during the 
first 2 years and then on a yearly basis for an expected total 
follow-up duration of 10 years. For this study, we used the base-
line data of the cohort. For the assessment of the VF, we used the 
X-rays of baseline and 5 years.

Parameters collected
Baseline parameters were activity and severity parameters of the 
disease using questionnaires self-assessed by the patient: BASDAI 
(Bath Ankylosing Spondylitis Disease Activity Index (0–100)), 
BASFI (Bath Ankylosing Spondylitis Functional Index (0–100)) 
and medication including use of non-steroidal anti-inflammatory 
drugs (NSAIDs) and TNF blocker use.12–15 Risk factors for oste-
oporosis were assessed at baseline: age, gender, current smoking, 
height, weight and Body Mass Index (BMI, kg/m2) were collected. 
Erythrocyte sedimentation rate and C reactive protein (CRP) 
were assessed at baseline. The structural damage at spine was 
evaluated on X-rays by the modified Stokes Ankylosing Spon-
dylitis Spinal Score (mSASSS).16 The structural damage at the 
sacroiliac joint was evaluated by the modified New York criteria. 
The SpondyloArthritis Research Consortium of Canada method 
was used for scoring inflammation using MRI.17

bone mineral density (bMd) measurements
BMD was measured by dual-energy X-ray absorptiometry at 
baseline for all included patients in 12 centres (ie, half of the 
participating centres) with investigators having expertise in 
BMD measurements. BMD was determined at the lumbar spine 
(second to fourth vertebrae) and the upper part of the left femur 
(total femur and femoral neck). The results were given as BMD 
(g/cm2), Z and T scores. The International Society of Clinical 
Densitometry recommends using the threshold of −2 SD in Z 
score for the definition of low BMD18 in young adults. Z scores 
were determined according to references provided by the manu-
facturers. All examinations were performed according to the 
manufacturer’s recommendations. Devices were controlled by 
measuring a spine phantom at least three times a week throughout 
the study; all examinations were performed according to the 
manufacturer’s recommendations.

VF diagnosis
For the assessment of VF, anteroposterior and lateral views of 
the entire thoracic and lumbar spine were considered. All radio-
graphs of the DESIR cohort (baseline and 5 years) were assessed 
at a central facility (by a single investigator specialised in the 
field of the diagnosis of VFs) from the fourth thoracic vertebra 
to the fourth lumbar vertebrae according to Genant’s meth-
od.19–21The semiquantitative grading scale is as follows: normal, 

grade 0; mild fracture, a decrease in any vertebral body height 
of 20% to 25% (grade 1); moderate fracture, a decrease of 25% 
to 40% (grade 2); and severe fracture, a decrease of 40% or 
more (grade 3). We used the same method (and definition of 
height reduction) to define a prevalent VF (present at baseline) 
and an incident VF. Using a temporal sequence of reading (ie, 
unblinded for chronological order), an incident VF was defined 
as a change in the score of a vertebra from grade 0 to a subse-
quent grade 1 or more at 5 years. In doubtful cases, adjudication 
by two other senior experts was performed. Careful attention 
was paid to discriminate vertebral deformities (VDs) of non-os-
teoporotic origin and VFs as aspects of vertebrae are modified 
by acquired or constitutional deformations. The deformations 
due to an infection, a tumour and a metabolic disease are more 
easily moved away. Among the vertebral height decreases, it is 
necessary to eliminate those who are not of osteoporotic origin: 
bad quality of the acquisition with excessive obliquity of the 
incidental beam responsible for an overlap endplate, a disease 
of Scheuermann and Schmorl nodes, degenerative deformations 
of discarthrosis and the variants of normality as short vertebral 
height. To diagnose a VF from a VD, we use the classification 
of Genant taking care of decreases superior to 20% but not due 
to fracture and the fractured decreases not reaching the 20% 
threshold.21 We also use the presence of a cortical defect, a 
depression of a vertebral endplate, an angulation of the endplate 
and the comparison with vertebrae of the over and under levels. 
Deformities of similar appearances or contiguous vertebrae and 
presence of degenerative changes on adjacent intervertebral discs 
were considered for the deformity origin.

Statistical analysis
Data are expressed as mean (±SD). Analysis on VFs was based 
on patients having a baseline and a 5-year X-ray follow-up. We 
assessed the incidence of VFs and VDs and the prevalence of 
VFs (at least one grade 1) and VDs at baseline and over 5 years. 
The database used in our study was locked on 30 June 2015 
(intended follow-up of the cohort: 10 years). All analyses were 
performed using SAS software, V.9.1.

reSulTS
Characteristics of the population
Seven hundred and eight (n=708) patients with IBP highly 
suggestive of axial SpA were included in the DESIR cohort. Six 
hundred and ninety-four patients had spinal X-rays at baseline 
and 432 patients had also X-rays at the 5-year visit. This popu-
lation of 432 patients (mean age was 34.3 (±8.7) years, 53% 
women) was the basis of our study to assess the incidence of 
VFs. Their baseline characteristics are described in table 1; they 
were not different from the DESIR population. For the assess-
ment of the prevalence of VFs and deformities, we used the 262 
patients who had spinal X-rays at baseline. Their characteristics 
are similar to the DESIR population (table 1). A total of 197 
patients (45.60%) received a TNF blocker therapy during the 
5-year follow-up. BMD measurements were available for 223 
patients at baseline and 14.3% had a low BMD defined by a 
Z-score ≤−2 at at least one site.

Prevalence of VFs and deformities
At baseline, 21 patients had prevalent VFs (3.0%); all of them 
were located at the thoracic spine; 14 were grade 1 and six grade 
2 and one grade 3. VFs were not associated with larger occiput-
to-wall distance. Sixty-six patients (9.5%) had a VD which was 
not a VF. In patients with a higher confidence for the diagnosis 
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Table 1 Characteristics of the DESIR (DEvenir des Spondylarthropathies Indifférenciées Récentes) population and of analysis population

Total population n=708
Patients with radiographic 
follow-up n=432

Patients without radiographic 
follow-up n=262

Age (years) (mean±SD) 33.74 (8.63) 34.27 (8.66) 32.90 (8.54)

Gender (female, %) 381 (53.8%) 230 (53.24%) 151 (54.7%)

Menopausal status (n, %) 17 (4.46%) 10 (4.35%) 7 (2.6%)

BMI (mean±SD) 23.99 (4.64) 23.94 (4.13) 23.82 (3.9)

CRP (mean±SD) 7.90 (13.54) 7.88 (13.40) 7.93 (13.7)

BASDAI (mean±SD) 44.70 (20.00) 43.53 (19.90) 46.53 (20.0)

BASFI (mean±SD) 30.45 (22.75) 29.46 (22.59) 31.99 (22.96)

Prevalence of IBD 35 (4.94%) 24 (5.56%) 11 (4.2%)

Disease duration (years) 1.51 (0.87) 1.49 (0.89) 1.55 (0.84)

Past use of corticosteroids (n, %) 93 (13.13%) 55 (12.73%) 38 (14.5%)

Score NSAIDs (mean±SD) 44.72 (40.46) 46.05 (39.64%) 42.63 (41.70)

Use of at least one anti-TNF treatment during the 5 years (n, %) 258 (36.44%) 197 (45.60%) 61 (23.30%)

Lumbar spine BMD l (mean±SD) 1.07 (0.16) 1.07 (0.17) 1.07 (0.15)

Hip BMD (mean±SD) 0.99 (0.14) 1.00 (0.14) 0.91 (0.14)

Femoral neck BMD (mean±SD) 0.92 (0.15) 0.98 (0.13) 0.91 (0.14)

Presence of Z score < or =−2 at least one site (n, %) 46 (6.49%) 34 (7.87%) 12 (4.58%)

mSASSS baseline (mean±SD) 0.49 (1.83) 0.50 (1.48) 0.49 (2.29)

SIJ SPARCC score baseline (mean±SD) 4.87 (9.04) 5.43 (9.50) 3.91 (8.15)

HLA B27 antigen (n, %) 410 (57.99%) 268 (62.04%) 142 (54.2%)

Current smoking (n, %) 257 (36.35%) 158 (36.57%) 99 (37.78%)

BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; BMD, bone mineral density; BMI, Body Mass Index; CRP, C 
reactive protein; IBD, inflammatory bowel disease; mSASSS, modified Stokes Ankylosing Spondylitis Spinal Score; NSAID, non-steroidal anti-inflammatory drug; SIJ, sacroiliac joint; 
SPARCC, SpondyloArthritis Research Consortium of Canada; TNF, tumour necrosis factor.

Figure 1 Incident vertebral fracture on spine radiographs.

of SpA (≥8) (n=328), the proportion of patients with at least 
one prevalent VF was 1.8% (n=6) and with at least one VD was 
7.9% (n=26). Most frequent causes of VDs were a disease of 
Scheuermann and Schmorl nodes (n=24), short vertebral height 
(SVH) (N=21), degenerative deformations of discarthrosis 
(n=9) and kyphosis/scoliosis (n=4), structural changes related 
to SpA (squaring, discitis) (n=6), error of parallax (n=2) and 
presence of a meganucleus (n=1) (online supplementary figures 
3–5).

Prevalence of VFs was not different in patients with and 
without structural damage in sacroiliac joints. Among the 21 
prevalent VFs, 4 VFs (19.0%) were found in patients with 
r-axSpA and 17 in the patients nr-axSpA (p=0.431). Mean 
values of mSASSS were 0.357 (0.59) in patients with prevalent 
VF and 0.500 (1.86) in patients without (p=0.04). However, 
there is the question of clinical relevance of a difference of 0.15 
points over a score of 0 to 72. Among 21 prevalent VFs, 20 were 
observed in patients with NSAIDs and 1 without NSAIDs.

Incidence of VFs and Vds
Diagnosis of VF was doubtful and needed adjudication for 19 
patients (4.4%). At 5 years, five patients had an incident VF 
(1.15%), in a total of seven vertebrae. They were mostly located 
at the thoracic spine (n=6/7). Most of them were grade 1 
(n=6/7) and one VF was a grade 2 (figure 1).

The incidence of vertebral deformities over 5 years was 2.30% 
and a total of 14 VDs (figure 2). All of them were located at 
the thoracic spine and were explained by either degenerative 
changes (discarthrosis) (N=5), increase in kyphosis (N=4) and 
structural changes related to SpA (squaring, discitis) (N=5).

In patients with a higher confidence for the diagnosis of SpA 
(≥8) (n=328), the proportion of patients with at least one inci-
dent VF was 1.4% (n=3) and at least one incident VD was 3.7% 
(n=8).

Patients with incident VFs were not different from patients 
with incident deformities for age (34.9±5.6 and 32.9±8.1 
years) and BMI (21.6±2.3 and 22.3±3.7 kg/m², respectively). 
In contrast, a low BMD (Z score ≤−2) was observed in 50% 
and 16.7% of patients with incident VFs and VDs, respectively. 
Incidence of VFs was not different in patients with and without 
structural damage in sacroiliac joints. Among the five incident 
VFs, two were observed in patients with r-axSpA and three in 
patients with nr-axSpA (p=0.232). The mean values of mSASSS 
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Figure 2 Incident vertebral deformity on spine radiographs.

were similar between patients with and without incident VFs 
(0.500 (1.0) vs 0.496 (1.48); p=0.806). None of the risk factors 
attributable to SpA (age, BASDAI, BASFI, CRP, mSASSS) was 
associated with the presence of incident VFs. The 5 incident VFs 
and the 14 incident VDs were observed in patients with NSAIDs. 
Among five incident VFs, three occurred in patients receiving 
TNF blocker and two without (no statistical difference).

dISCuSSIOn
This study conducted in a large cohort of young adults with early 
IBP suggestive of SpA followed in tertiary centres showed a very 
low incidence of VFs (1.15%). Most of these VFs were mild (grade 
1), located at the thoracic spine and occurred in patients without 
any prevalent VFs.

Both the prevalence and the incidence of VFs reported in our 
study are lower than that reported in previous studies. Prevalence 
of VFs ranges from 4% to 42%.22–28 Data from large databases 
assessed the relationship between SpA and clinical VFs.29 30 A 
nested case–control study performed in the large General Practice 
Research Database showed that patients with SpA have a threefold 
increased risk of clinical VF (OR 3.26 (1.51–7.02)).29 In a large 
database in Catalonia, Spain, accounting for 80% of the popu-
lation (6474 patients with axial SpA followed for a median time 
of 5 years), 0.86% and 3.4% sustained a clinical vertebral and a 
non-vertebral fracture, respectively. This represents a twofold 
increased risk of clinical VFs, as compared with controls.30 In this 
study, the association between SpA duration and clinical spine 
fractures was strongest in the first year (OR 8.03 (2.13–30.3)) 
(short-term SpA ≤1 year since diagnosis), significant for midterm 
duration (OR 7.52 (1.46–38.8)) and not significant for long-term 
duration (OR 3.01 (0.87–10.4)). For these two studies, the popu-
lation was recruited from database with retrospective analysis of 
data, precluding accurate diagnosis of a flare of the disease or an 
incident VF as a determinant of pain.

The prevalence of VFs is higher in longstanding SpA disease. In 
176 patients (79% men, aged 48.6±13.1 years), with a mean disease 

duration of 22 years, the prevalence of VFs using a semiautomated 
software was 32.4%, 82% of the fractures were at the thoracic 
spine and 65% of them were mild. In a large prospective cohort of 
292 patients (mean age of 42.8 years, 70% men) with ankylosing 
spondylitis (mean time since the diagnosis of 6 years and a mean 
duration of symptoms of 16 years), 15 (6%) developed new VFs 
over 2 years.24 Most fractures were mild and located at the midtho-
racic and thoracolumbar regions of the spine.24 In this study, VFs 
were frequently observed in older patients, with advanced disease, 
low hip BMD and less healthy life. In patients with early SpA (7 
months of disease duration but 5.7 years of symptom duration), 
15% of the 113 patients (66% men, age 37.3±9.0 years) had a 
vertebral fracture; most of them were located at the mid-thoracic 
spine, half of the fractures were moderate and none were severe.23 
These VFs were associated with low BMD of the lumbar spine and 
with axial psoriatic arthritis.

These discrepancies might be explained by the characteristics 
of our population: 53% of them were women with a symptom 
duration of 12 months on average and 45% of them used biologics 
during the 5 years of follow-up. There is no evidence that these 
treatments have an antifracture efficacy, but it has been reported 
in different studies and in patients with different disease duration 
that these treatments increase BMD, a surrogate marker of bone 
strength. In our study, prevalent and incident VFs were observed 
in patients receiving NSAIDs and TNF blockers, even if it is impos-
sible to definitively conclude because of the low number of inci-
dental events. Unlike other studies,23 24 we did not identify any 
risk factors of VF related to SpA disease but the small number of 
events, making impossible any definitive interpretation. These 
discrepancies can also be explained by the different methods used 
for vertebral fracture diagnosis (semiautomated, semiquantitative, 
qualitative, etc). VFs are often defined in studies as a reduction in 
vertebral height relative to the other vertebrae, but this definition 
does not consider the deformities of vertebral bodies. Hence, some 
deformities associated with the disease may be confounded as a 
fracture, leading to an overestimation of fracture.31

Deformities of vertebral bodies are frequent in axial SpA, partic-
ularly at the thoracic spine, for various reasons: erosions of the 
anterior corners, squaring, wedging secondary to discitis and so on. 
In our study, we showed that the main causes of vertebral defor-
mities were SVH and Scheuermann disease. These deformities are 
captured by semiautomated methods of morphometry, which use 
automatically positioning of points on vertebral contours; with 
such methods, ‘fractures’ are defined as any reduction of the ante-
rior or middle height of the vertebral body higher than 20% as 
compared with the posterior height, or adjacent vertebral body 
heights. These methods are very sensitive but need expert adjudi-
cation; otherwise, they increase the risk of false positives.32 More-
over, the thoracic and lumbar vertebrae can be normally wedged 
and biconcave, respectively. SVHs are frequent at the thoracic spine 
and are not related to osteoporosis or fracture risk.31 Knowing 
that, we paid attention to direct and indirect signs of endplate frac-
ture mainly at the middle part of the vertebral body. The necessity 
of the vertebral endplate depression for the VF diagnosis at the 
thoracic level permits the elimination the non-osteoporotic VDs. 
However, this depression is much more difficult to appreciate at 
the lumbar spine where the vertebra is spontaneously biconcave. 
Moreover, in men, there are difficulties in the diagnosis of VFs 
because of the frequency of the non-osteoporotic VD due to trau-
matisms, disc and vertebral degeneration, and lesions secondary to 
Scheuermann disease.19

VFs are the hallmark of osteoporosis, and it has been shown that 
the presence of VFs is the main determinant of the risk of future 
osteoporotic vertebral and non-vertebral fractures. The strongest 
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associations were observed between prior and subsequent VFs, and 
this risk increases with the number of prior vertebral fractures.33–35 
Low BMD is also a strong risk factor of future fracture, with a 
strong relationship between the decrease in BMD and the risk of 
further fracture.36 We observed that the proportion of patients 
with osteoporosis was higher in patients with incident VFs than 
in other patients, but the very low number of events preclude any 
analysis of other risk factors. In our study, most of the VFs were 
mild (grade 1). Such deformities are sometimes considered as an 
expected effect of ageing in osteoporotic patients, which is not a 
hypothesis in our study conducted in a young population. The rele-
vance of mild VFs has been shown in studies conducted in osteo-
porotic postmenopausal women showing in this population that 
these mild fractures are a risk factor for sustaining other VFs.20 
37 However, their relevance in young adults needs further studies.

The strengths of our study were that we had a large prospective 
cohort of axial SpA over 5 years, we made a careful interpreta-
tion of every X-ray using a semiquantitative method and if needed 
we made adjudication for doubtful cases in few cases (4.4%). 
We confirmed the prevalence and incidence of VFs and VDs in 
patients with a higher confidence of the axSpA diagnosis (eg, ≥8). 
The limits of this study were the small number of events, making 
impossible the interpretation of some secondary analysis, like the 
identification of risk factors for VFs. It will be interesting to use 
the MRI follow-up to distinguish VDs and VFs, but MRI is only 
available for 190 patients at 5 years.

We found in the DESIR cohort, a population of early SpA, 
a prevalence of VF of 3.0% and 1.15% of incidental VFs. This 
confirms our hypothesis that the actual prevalence and incidence 
of VF in SpA is lower than that reported in previous studies, prob-
ably depending on the characteristics of the population and the 
methods of vertebral fracture’s assessment avoiding any misclassi-
fication of VDs.
Correction notice This article has been corrected since it published Online First. 
The sixth author’s name has been corrected to Pascal Richette.
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