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ABSTRACT

Objectives: To determine the prevalence and incidence of radiographic vertebral fractures 

in ankylosing spondylitis (AS) patients treated with TNF-α blocking therapy for 4 years and 

to explore the relationship with patient characteristics, clinical assessments, radiographic 

damage, and bone mineral density (BMD).

Methods: This study included consecutive AS patients with active disease from the 

Groningen Leeuwarden AS (GLAS) cohort treated with TNF-α blocking therapy for 4 years 

and with available thoracic and lumbar radiographs at baseline and at 4 years. Vertebral 

fractures were assessed by two readers (mild: ≥20-<25%, moderate: ≥25-<40%, severe: ≥40% 

reduction in vertebral height). 

Results: In 27 of 105 (26%) AS patients, radiographic vertebral fractures were observed at 

baseline. These patients were significantly older, had larger occiput-to-wall distance, and 

more spinal radiographic damage.

During 4 years of TNF-α blocking therapy, 21 (20%) patients developed at least one new 

fracture. Older age, smoking, higher BASFI, low lumbar spine BMD (Z-score ≤-2), presence 

of moderate vertebral fractures, and use of anti-osteoporotic treatment at baseline were 

associated with the development of new fractures. Most fractures were mild and occurred 

in the thoracic spine. The improvement in lateral spinal mobility and lumbar spine BMD 

during treatment was significantly less in patients with new fractures (median change of 

0.8 vs. 2.8 cm and 0.3 vs. 0.8 Z-score, respectively).

Conclusions: The prevalence of radiographic vertebral fractures was high in AS patients 

with active disease. Although clinical assessments and BMD improved significantly, new 

vertebral fractures still developed during 4 years of TNF-α blocking therapy.
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INTRODUCTION

Ankylosing spondylitis (AS) is a chronic rheumatic inflammatory disorder which is 

characterized by the combination of inflammation, excessive bone formation, and bone loss 

in the axial skeleton. Bone loss reflected by low bone mineral density (BMD) is a common 

feature of AS and can already be observed at early stages of the disease [1,2]. Severe bone loss 

may lead to vertebral fractures. These fractures can cause increased back pain and may result 

in progressive kyphosis, neurological symptoms, and instability [3-6]. Pain and complications 

may have large impact on daily activities and health-related quality of life.

Previous population-based studies have shown that AS patients are at increased risk of 

developing vertebral fractures, as reported in medical records [7-10]. The prevalence of 

vertebral fractures assessed on radiographs varies from 10 to 43% [11-19]. Vertebral fractures 

are found to be associated with several risk factors, including male gender, older age, longer 

disease duration, low body weight, smoking status, the presence of spinal radiographic 

damage according to mSASSS, poor spinal mobility, peripheral joint involvement, and 

low BMD [12,13,15,17-23]. In a recent observational cohort study of 298 AS patients, the 

development of new radiographic vertebral fractures in the lumbar spine during 4 years of 

follow-up was associated with previous vertebral fractures and elevated C-reactive protein 

(CRP) levels [24]. This finding may suggest that anti-inflammatory therapy could have an 

effect on the development of vertebral fractures. 

Two studies reported about the influence of conventional treatment on the risk of vertebral 

fractures in AS. In a UK population-based case-control study including 758 AS patients, 

patients taking nonsteroidal anti-inflammatory drugs (NSAIDs) showed a decreased risk 

of having any clinical fracture, including vertebral fractures, after adjustment for several 

confounding variables [8]. In a large Spanish population-based cohort study, an increased 

clinical fracture risk was found in AS patients compared to patients without rheumatic 

diseases. However, this increased risk was not found in AS patients who used NSAIDs on a 

regular basis [10].

Until now, little is known about the influence of tumor necrosis factor-alpha (TNF-α) blocking 

therapy on radiographic vertebral fractures. An observational cohort study showed that 6 of 

118 (5%) AS patients receiving TNF-α blocking therapy developed new vertebral fractures 

in the lumbar spine during 2 to 4 years follow-up [24]. Furthermore, one retrospective 
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study reported 5 new radiographic vertebral fractures in the lumbar spine of 59 AS patients 

who were treated with TNF-α blocking therapy for at least 4 years [25]. Data on the actual 

prevalence and incidence of vertebral fractures in both the thoracic and lumbar spine during 

TNF-α blocking therapy are scarce in AS. 

The objectives of the present prospective observational cohort study were to determine the 

prevalence of radiographic vertebral fractures in AS patients with active disease before the 

start of  TNF-α blocking therapy and to investigate the incidence of vertebral fractures in these 

patients during 4 years of TNF-α blocking therapy. Furthermore, to explore the relationship 

of vertebral fractures with patient characteristics, clinical assessments, radiographic damage, 

and BMD.

METHODS

Study population
This study included consecutive AS patients with active disease enrolled in the Groningen 

Leeuwarden AS (GLAS) cohort who started TNF-α blocking therapy between November 2004 

and December 2008 and continued this treatment for 4 years. Switching between different 

TNF-α blocking agents was allowed. Patients with available radiographs at baseline and after 

4 years of follow-up were selected (Figure 1). 

GLAS is an ongoing prospective, longitudinal, observational cohort study in AS patients in 

the North of the Netherlands with follow-up visits according to a fixed protocol in daily 

clinical practice [26]. Included patients were over 18 years of age, fulfilled the modified New 

York criteria for AS [27], and fulfilled the criteria to start TNF-α blocking therapy according 

to the ASAS consensus statement (active disease defined as Bath AS Disease Activity 

Index (BASDAI) ≥4 and/or based on expert opinion) [28]. Patients started using infliximab, 

etanercept, or adalimumab based on the judgment of the treating rheumatologist and/or 

the specific preference of the patient. In the GLAS cohort, the standard regimen for infliximab 

was 5 mg/kg intravenously at 0, 2, 6 weeks and then every 8 weeks, for etanercept 50 mg 

(once) or 25 mg (twice) subcutaneous injection every week, and for adalimumab 40 mg 

subcutaneous injection every two weeks. Patients were clinically evaluated at baseline, after 

3 and 6 months, and then every 6 months. Continuation of treatment was based on BASDAI 

improvement (≥50% or two units compared with baseline) and/or expert opinion at each 
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follow-up visit. Patients received concomitant medication as usual in daily clinical practice 

[29].

The GLAS cohort was approved by the local ethics committees of the Medical Center 

Leeuwarden (MCL) and the University Medical Center Groningen (UMCG). All patients gave 

written informed consent according to the Declaration of Helsinki.

Data collection
At baseline, the following patient characteristics were recorded: gender, age, body mass 

index, duration of symptoms, time since diagnosis, HLA-B27 status, years of smoking, history 

of extra-articular manifestations, presence of peripheral arthritis (defined as ≥1 swollen joint), 

use of NSAIDs, disease-modifying anti-rheumatic drugs (DMARDs), systemic corticosteroids, 

and anti-osteoporotic treatment (bisphosphonates and/or calcium/vitamin D supplements). 

Clinical disease status was assessed using the BASDAI [30], C-reactive protein (CRP), AS 

Disease Activity Score (ASDAS
CRP

) [31,32], and Bath AS Functional Index (BASFI) [33]. Spinal 

mobility was measured by occiput-to-wall distance, chest expansion, lateral spinal flexion, 

and the modified Schober test. 

Serum levels of 25-hydroxyvitamin D (25OHvitD) were measured by radioimmunoassay 

(RIA; DiaSorin, Stillwater, MN, USA; IE-CV 15%; UMCG and MCL until July 2008) or 

electrochemiluminescence immunoassay (ECLIA; Modular Analytics E170, Roche Mannheim, 

Germany; IE-CV 7.1%; MCL since July 2008). Vitamin D deficiency was defined as 25OHvitD 

levels <50 nmol/L [34]. 

Spinal radiographic damage of the cervical and lumbar spine was assessed by two 

independent trained readers (FM and RC) blinded to patient characteristics using the 

modified Stoke AS Spine Score (mSASSS) on a scale of 0-72 (intraclass correlation coefficient 

(ICC): 0.98) [35,36].

Assessment of vertebral fractures
Lateral radiographs of the thoracic and lumbar spine were assessed at baseline and after 4 

years of follow-up (mean 4.0 ± 0.4 years) by two independent trained readers (FM and RC). 

Readers were blinded to patient characteristics and time sequence of radiographs. Vertebral 

fractures were scored using the method of Genant et al., a semiquantitative technique 
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evaluating the anterior, middle, and posterior heights of the 4th thoracic vertebra (Th4) to the 

4th lumbar vertebra (L4) [37]. A prevalent vertebral fracture was defined as ≥20% reduction 

in any vertebral height. Vertebral fractures were divided in grades 0 to 3: grade 0 (normal), 

<20% height reduction; grade 1 (mild), ≥20-<25% reduction; grade 2 (moderate), ≥25-≤40% 

reduction; and grade 3 (severe), >40% reduction. If the measurement was complicated 

because of new bone formation or erosions at the corners of the vertebral bodies, a 

lengthened imaginary line that represents the original edge of the vertebral body was used. 

If this was not possible due to, for example, complete ankylosis or large erosions, the vertebral 

body was scored as missing. In addition, vertebral bodies were excluded when vertebral 

heights could not be measured in case of abnormalities matching with spondylodiscitis 

or degenerative changes. In case of discrepancy between the two readers, vertebrae were 

reassessed by the same readers. When discrepancy persisted after reassessment, a third 

independent reader (SA) measured vertebral heights. The score of the primary reader closest 

to the third reader was used.

After 4 years of follow-up, a new vertebral fracture was recorded if a patient developed a 

vertebral fracture in a vertebral body that was normal at baseline. Worsening of previous 

fractures was also recorded and analyzed separately.

Inter-observer reliability between the two readers regarding the grades of vertebral fractures 

was good with a linear weighted kappa of 0.78 for baseline and 0.86 for 4 years, and absolute 

agreement of 93% for both time points. 

BMD measurement
BMD of the lumbar spine (anterior-posterior projection at L1-L4) and hip (total proximal 

femur) were assessed at baseline and after 4 years of follow-up. BMD was measured by dual-

energy X-ray absorptiometry (DXA; Hologic QDR Delphi (MCL) or Hologic DQR Discovery 

(UMCG)). The NHANES reference database was used to calculate Z-scores (the number of 

standard deviations above or below the mean of age and gender-matched adults) [38]. 

The use of BMD Z-scores instead of BMD T-scores is preferred in premenopausal women 

and in men younger than 50 years of age according to the International Society for Clinical 

Densitometry since age is not taken into account in T-scores [39].
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Statistical analysis
Results were expressed as mean ± SD or median (range) for normally distributed and 

non-normally distributed data, respectively. Independent samples t test, Mann-Whitney U 

test, and Chi-Square or Fisher Exact test were used as appropriate to compare differences 

between patients with and without vertebral fractures. P-values ≤0.05 were considered as 

statistically significant. Statistical analysis was performed with IBM SPSS Statistics 20 (SPSS, 

Chicago, IL, USA).

RESULTS

In total, 105 of 173 AS patients received TNF-α blocking therapy for 4 years and had radiographs 

available at baseline and after 4 years of follow-up (Figure 1). Patient characteristics were 

comparable between included and excluded patients, except for the use of calcium/vitamin 

D supplements (17% versus 4%, p<0.05) and lumbar spine BMD Z-score (mean -0.52 ± 1.49 

vs. -0.04 ± 1.44, p<0.05). 

Of the 105 included AS patients, 72% were male, mean age was 42 ± 11 years, median 

symptom duration was 16 years (range: 1-47), and 83% were HLA-B27 positive (Table 1). 

All women were 50 years or younger and premenopausal. Patients had active disease at 

baseline, mean BASDAI was 6.0 ± 1.7 and mean ASDAS was 3.8 ± 0.8. Median mSASSS was 12 

(range: 0-72) and mean BMD Z-scores were -0.5 ± 1.5 in the lumbar spine and -0.4 ± 1.0 in the 

hip. History of inflammatory bowel disease, uveitis, and psoriasis were present in 10%, 28%, 

and 11% of the patients, respectively. Twenty-one (20%) patients started with infliximab, 67 

(64%) with etanercept, and 17 (16%) with adalimumab. Twenty-four (23%) patients switched 

to another TNF-α blocking agent during follow-up. Patients were exposed to TNF-α blocking 

agents for 98% of the follow-up time (IQR: 93-100%).
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Figure 1. Flowchart of analyzed AS patients from the GLAS cohort.

Prevalence of radiographic vertebral fractures at baseline
At baseline, 27 (26%) patients had at least one vertebral fracture with an average of 1.7 

vertebral fractures per patient. Of the 46 vertebral fractures at baseline, 33 (72%) were defined 

as mild (grade 1) and 13 as moderate (grade 2). No severe (grade 3) fractures were observed. 

Patients with vertebral fractures at baseline were significantly older, had larger occiput-to-

wall distance, and higher mSASSS scores than patients without vertebral fractures (Table 1). 

These differences were most pronounced for the 12 (11%) patients with moderate vertebral 

fractures. These patients were also less frequently HLA-B27 positive, had longer smoking 

duration, and more often vitamin D deficiency than patients without vertebral fractures 

(data not shown).



145

7

Table 1. Baseline characteristics of the AS study population, stratified for patients with and without 
vertebral fractures at baseline.

Vertebral fractures†

All patients
n=105

Present
n=27

Absent
n=78 p-value

Male 76 (72) 23 (85) 53 (68) 0.133

Age (yrs) 41.8 ± 10.9 46.2 ± 9.5 40.3 ± 11.0 0.013

BMI (kg/m2) 26.3 ± 4.1 26.4 ± 3.5 26.3 ± 4.3 0.869

Duration of symptoms (yrs) 16 (1-47) 20 (3-47) 14 (1-41) 0.141

Time since diagnosis (yrs) 7 (0-34) 7 (0-28) 6 (0-34) 0.950

HLA-B27+ 86 (83) 21 (78) 65 (84) 0.433

Smoking (years) 11 (0-54) 17 (0-54) 7 (0-45) 0.051

Peripheral arthritis 22 (21) 5 (19) 17 (22) 0.697

NSAID use 89 (85) 22 (82) 67 (86) 0.582

DMARD use 24 (23) 6 (22) 18 (23) 0.927

Systemic corticosteroid use¥ 5 (5) 1 (4) 4 (5) 1.000

Anti-osteoporotic treatment 18 (17) 5 (19) 13 (17) 0.826

Calcium/vitD 10 (9) 3 (11) 7 (9) 0.715

Bisphosphonates & calcium/vitD 8 (8) 2 (7) 6 (8) 1.000

BASDAI (range 0-10) 6.0 ± 1.7 6.1 ± 1.4 5.9 ± 1.8 0.770

ASDASCRP 3.8 ± 0.8 4.0 ± 0.6 3.8 ± 0.8 0.298

CRP (mg/L) 15 (2-99) 17 (2-99) 14 (2-82) 0.217

BASFI (range 0-10) 6.0 (0.3-9.7) 5.5 (1.3-8.4) 6.2 (0.3-9.7) 0.553

Occiput-to-wall distance (cm) 4.8 (0.0-34.5) 8.0 (0.0-18.5) 4.0 (0.0-34.5) 0.039

Chest expansion (cm) 3.0 (0.5-10.0) 3.0 (0.5-10.0) 3.0 (0.5-7.0) 0.964

Lateral spinal flexion (cm) 7.8 (0.0-29.5) 6.5 (1.8-18.0) 8.0 (0.0-29.5) 0.427

Modified Schober test (cm) 2.5 (0.1-6.3) 2.2 (0.3-6.3) 2.5 (0.1-5.8) 0.900

25OHvitD (nmol/L) 62 (12-186) 61 (12-104) 64 (13-186) 0.370

25OHvitD <50 nmol/L 24 (24) 8 (30) 16 (22) 0.444

mSASSS (range 0-72) 12 (0-72) 21 (1-72) 10 (0-72) 0.030

BMD LS Z-score -0.5 ± 1.5 -0.9 ± 1.1 -0.4 ± 1.6 0.204

LS Z-score ≤-1 43 (43) 13 (54) 30 (40) 0.223

LS Z-score ≤-2 15 (15) 4 (17) 11 (15) 0.754

BMD hip Z-score -0.4 ± 1.0 -0.4 ± 0.9 -0.4 ± 1.1 0.784

Hip Z-score ≤-1 30 (30) 7 (28) 23 (31) 0.801

Hip Z-score ≤-2 5 (5) 0 (0) 5 (7) 0.327

Values are presented as number of patients (%), mean ± SD or median (range).
Abbreviations: AS: Ankylosing spondylitis; BMI: Body mass index; HLA: Human leukocyte antigen; NSAID: Nonsteroidal 
anti-inflammatory drug; DMARD: Disease-modifying anti-rheumatic drugs; BASDAI: Bath AS disease activity index; 
ASDAS: AS disease activity score; CRP: C-reactive protein; BASFI: Bath AS functional index; 250HvitD: 25-hydroxy vitamin 
D; mSASSS: Modified stoke AS spine score; BMD: Bone mineral density; LS: Lumbar spine.
† Defined as ≥20% vertebral height reduction.
¥ Three patients used prednisone (5-7.5 mg/day) and two budesonide (3mg/week, 6 mg/day).
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Development of new radiographic vertebral fractures during TNF-α blocking 
therapy
During 4 years of TNF-α blocking therapy, 21 (20%) patients developed at least one new 

vertebral fracture. Of the 25 new fractures, 20 (80%) were mild, 4 (16%) moderate, and 1 (4%) 

was severe. The majority of vertebral fractures occurred in the middle and lower thoracic 

spine (Figure 2). 

Patients with new vertebral fractures were significantly older, had longer duration of smoking, 

scored worse on BASFI, had lower lumbar spine BMD (Z-score ≤-2), more frequent moderate 

vertebral fractures, and used anti-osteoporotic treatment more often at baseline (Table 2). 

Of the 46 fractures scored at baseline, 4 (9%) increased in severity from mild to moderate and 

29 (63%) did not change in severity. The remaining 13 (28%) fractures were mild but could 

not be scored after 4 years due to limited quality of radiographs (n=2), new ankylosis of 

vertebrae (n=3), missing vertebrae (n=2), or vertebral height reduction just below 20% (n=6). 

Figure 2. Locations and number of vertebral fractures visible at baseline and after 4 years.
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Table 2. Baseline characteristics of AS patients with and without new vertebral fractures after 4 years 
follow-up.

New vertebral fractures

p-value
Present
n=21

Absent
n=84

Male 17 (81) 59 (70) 0.419

Age (yrs) 46.8 ± 12.2 40.5 ± 10.2 0.017

BMI (kg/m2) 26.7 ± 5.2 26.2 ± 3.7 0.590

Duration of symptoms (yrs) 18 (3-47) 16 (1-36) 0.743

Time since diagnosis (yrs) 9 (0-34) 5 (0-31) 0.129

HLA-B27+ 15 (71) 71 (86) 0.127

Smoking (years) 24 (0-54) 10 (0-40) 0.036

Peripheral arthritis 4 (19) 18 (22) 1.000

NSAID use 16 (76) 73 (87) 0.222

DMARD use 6 (29) 18 (21) 0.486

Systemic corticosteroid use 2 (9) 3 (4) 0.261

Anti-osteoporotic treatment 8 (38) 10 (12) 0.004

Calcium/vitD 2 (9) 8 (10) 1.000

Bisphosphonates & calcium/vitD 6 (29) 2 (2) 0.001

BASDAI (range 0-10) 6.0 ± 1.3 6.0 ± 1.8 0.814

ASDASCRP 3.9 ± 0.6 3.8 ± 0.8 0.711

CRP (mg/L) 17 (2-70) 15 (2-99) 0.601

BASFI (range 0-10) 6.9 (1.7-9.7) 5.5 (0.3-9.7) 0.038

Occiput-to-wall distance (cm) 7.5 (0.0-34.5) 4.5 (0.0-28.0) 0.122

Chest expansion (cm) 3.2 (0.5-9.0) 3.0 (0.5-10.0) 0.723

Lateral spinal flexion (cm) 6.5 (1.8-17.3) 8.0 (0.0-29.5) 0.618

Modified Schober test (cm) 3.0 (0.3-6.3) 2.2 (0.1-5.8) 0.670

25OHvitD (nmol/L) 60 (12-104) 65 (18-186) 0.097

25OHvitD <50 nmol/L 6 (30) 18 (23) 0.501

mSASSS (range 0-72) 14 (0-72) 11 (1-72) 0.752

BMD LS Z-score -0.7 ± 1.6 -0.5 ± 1.5 0.563

LS Z-score ≤-1 10 (50) 33 (42) 0.507

LS Z-score ≤-2 6 (30) 9 (11) 0.038

BMD hip Z-score -0.4 ± 1.3 -0.4 ± 1.0 0.977

Hip Z-score ≤-1 7 (35) 23 (29) 0.585

Hip Z-score ≤-2 1 (5) 4 (5) 1.000

Vertebral fractures (≥grade 1) 8 (38) 19 (23) 0.147

Vertebral fractures (≥grade 2) 5 (24) 7 (8) 0.046

Values are presented as number of patients (%), mean ± SD or median (range).
 See Table 1 for abbreviations.
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Table 3. Change in clinical assessments, mSASSS, and BMD in AS patients, stratified for patients with 
and without new vertebral fractures after 4 years of TNF-α blocking therapy.

New vertebral fractures

All patients
n=105

Present
n=21

Absent
n=84

BASDAI (range 0-10) -2.9 ± 2.2 -2.7 ± 2.1 -2.9 ± 2.2

ASDASCRP -1.7 ± 1.0 -1.6 ± 1.1 -1.8 ± 1.0

CRP (mg/L) -10 (-93−21) -10 (-67−21) -10 (-93−2)

BASFI (range 0-10) -2.0 ± 2.1 -1.3 ± 2.0 -2.2 ± 2.2

Occiput-to-wall distance (cm) -1.3 (-8.5−10) -0.5 (-5.2−10) -2.0 (-8.5−7.0)

Chest expansion (cm) 2.0 (-3.0−7.0) 1.8 (-1.2−5.5) 2.0 (-3.0−7.0)

Lateral spinal flexion (cm) 2.3 (-6.2−12.5) 0.8 (-6.2−12.0) 2.8 (4.9−12.5)*

Modified Schober test (cm) 0.7 (-2.0−5.0) 0.2 (-2.0−2.5) 0.7 (-1.0−5.0)

mSASSS (range 0-72) 3 (-4−21) 1 (-3−18) 3 (-4−21)

BMD LS Z-score 0.7 (-1.0−2.8) 0.3 (-0.3−2.5) 0.8 (-1.0−2.8)*

BMD hip Z-score 0.1 (-1.1−2.3) 0.1 (-0.5−1.3) 0.1 (-1.1−2.3)

Values are presented as mean ± SD or median (range).
 * p≤0.05 compared to patients with new vertebral fractures.
See Table 1 for abbreviations.

Figure 3. Bone mineral density of the lumbar spine of patients with DXA at baseline and after 4 years of 
TNF-α blocking therapy, stratified for AS patients with and without new vertebral fractures. 
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Relationship with clinical assessments, mSASSS, and BMD during TNF-α 
blocking therapy
Disease activity (BASDAI, ASDAS, CRP), physical functioning (BASFI), and all spinal mobility 

measures improved significantly during 4 years of TNF-α blocking therapy (all p<0.001, Table 

3). Patients who developed new vertebral fractures showed significantly less improvement 

in lateral spinal flexion than patients without new fractures (0.3 vs. 0.8 cm, p<0.05). The 

radiographic score (mSASSS) increased during follow-up, but was not significantly different 

between patients with or without new vertebral fractures (Table 3). 

BMD improved significantly during 4 years of TNF-α blocking therapy. Patients with new 

vertebral fractures showed significantly less improvement in lumbar spine BMD than 

patients without new vertebral fractures (median change in Z-score: 0.3 vs. 0.8, p<0.01; Table 

3 and Figure 3). This difference remained statistically significant after excluding patients who 

received bisphosphonates at baseline (n=8). No significant difference in hip BMD was found 

between patients with and without new vertebral fractures (Table 3).

DISCUSSION

This prospective observational cohort study investigated the prevalence and incidence of 

radiographic vertebral fractures, defined as at least 20% reduction in vertebral height, in the 

thoracic and lumbar spine of 105 AS patients treated with TNF-α blocking therapy in daily 

clinical practice for 4 years. In a large proportion of patients (26%), radiographic vertebral 

fractures were found before start of TNF-α blocking therapy and 20% developed ≥1 new 

vertebral fracture during 4 years of follow-up. Most vertebral fractures were mild and were 

located in the middle and lower part of the spine (Th7-Th9 and Th11-L1). The prevalence 

rate and location of vertebral fractures are comparable with findings of previous studies in 

AS and early spondyloarthritis [16,17,20]. Cross-sectional studies in which the same scoring 

method was used, reported prevalence rates of 12-43% in AS patients with variable disease 

duration, disease activity, and treatment regimens [16-19]. A general population-based 

study reported a prevalence rate of approximately 5% of radiographic vertebral fractures in 

persons younger than 50 years [40]. In comparison to the general population, the prevalence 

rates found in AS are very high.
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Limited data are available on the incidence of radiographic vertebral fractures during TNF-α 

blocking therapy. A previous observational cohort study of 298 AS patients with different 

treatment regimens, including TNF-α blocking therapy, reported an incidence rate of 14% 

of radiographic vertebral fractures in the lumbar spine after 4 years of follow-up [24]. In our 

study, a higher incidence rate (20%) was found because we also included the thoracic spine 

where most vertebral fractures were found.

The presence of vertebral fractures before start of TNF-α blocking therapy was associated with 

older age, higher occiput-to-wall distance, and a higher mSASSS representing more spinal 

radiographic damage. The associations were most pronounced in patients with moderate 

(grade 2) vertebral fractures. These results are in line with findings of previous cross-sectional 

studies in AS and early spondyloarthritis and suggests an association between vertebral 

fractures and worse clinical outcome [12,17-20].

The presence of vertebral fractures was not significantly associated with low BMD. This 

lack of association may be explained by the fact that the measurement of lumbar spine 

BMD (anterior-posterior projection by DXA) is affected by new bone formation in AS such 

as syndesmophytes, ligament calcifications, and fusion of facet joints. Therefore, lumbar 

spine BMD is not a valid and sensitive method to diagnose osteoporosis in AS patients 

with excessive bone formation reflected by advanced radiographic damage [41]. However, 

a significant association between new vertebral fractures and low lumbar spine BMD at 

baseline was found in our study. The most plausible explanation for this is that chronologically 

vertebral fractures are the result or outcome of excessive bone loss reflected by low BMD 

[42]. Therefore, low lumbar spine BMD can be valuable in recognizing AS patients who are at 

risk of developing vertebral fractures in the future.

In addition to low lumbar spine BMD, the development of new vertebral fractures during 

TNF-α blocking therapy was associated with older age, longer smoking duration, and higher 

BASFI which represents poor physical functioning. In accordance with earlier longitudinal 

studies in AS patients and in postmenopausal women, persons with previous (moderate) 

vertebral fractures had an increased risk of developing new vertebral fractures [24,43,44]. 

Finally, we found that patients with new vertebral fractures received anti-osteoporotic 

treatment more frequently at baseline than patients without new fractures. This association 

was also found in a population-based study of 2,968 postmenopausal women. In this study, 

the risk of vertebral fractures was increased in participants who used calcium/vitamin D 
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supplements (odds ratio (OR) 1.98) and bisphosphonates or other anti-osteoporotic 

treatment (OR 3.34) [45]. This relationship can be explained by the fact that these drugs are 

prescribed in patients with an a priori increased risk for the development of fractures. In our 

study, bisphosphonates were prescribed in patients who used systemic corticosteroids or 

had osteoporosis according to the WHO definitions (BMD T-score ≤-2.5). 

Other known risk factors such as male gender, low body weight, and peripheral joint 

involvement were not independently associated with the presence or the development of 

vertebral fractures. We had no data available about dietary intake and other lifestyle aspects. 

Unfortunately, the number of patients was too small to perform multivariable analysis.

Disease activity, physical functioning, spinal mobility, and BMD improved significantly during 

TNF-α blocking therapy. The increase in BMD was especially observed in the lumbar spine 

but also in the hip, as others have reported previously [25,46-48]. An important novel finding 

is that AS patients who developed new vertebral fractures showed less improvement in 

spinal mobility (lateral spinal flexion) and in lumbar spine BMD than patients without new 

fractures. The difference in BMD remained statistically significant after excluding patients 

receiving bisphosphonates.

In our study, only one vertebral fracture has come to clinical attention because of extreme 

pain. We hypothesize that in most AS patients vertebral fractures develop gradually which 

implicates more chronic pain. Most AS patients are used to chronic and varying back pain as 

part of their disease and therefore most vertebral fractures do not come to clinical attention 

[23].

This was the first longitudinal study that investigated the incidence of radiographic vertebral 

fractures in both the thoracic and lumbar spine during TNF-α blocking therapy in a large 

cohort of AS patients. However, it remained unclear whether TNF-α blocking therapy can 

reduce the occurrence of new vertebral fractures since no control group was included. 

Furthermore, some difficulties were present during the measurement and interpretation of 

especially mild fractures. Due to technical aspects of the radiographs in combination with 

the methodological aspects of the Genant scoring method, 13 (28%) mild fractures scored 

at baseline could not be scored after 4 years of follow-up. In 6 of these 13 mild fractures, 

the vertebral body ‘normalized’ after 4 years due to measurement error (just below the 

cut-off value of 20%). These problems persisted after reassessment of vertebral heights in 
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chronological time order and did not occur with moderate fractures. In addition, assessment 

and interpretation of mild fractures may be limited by the inability to distinguish between 

deformities related to fractures, deformities related to congenital or natural variation, and 

deformities related to vertebral body squaring or ankylosing [49]. On the other hand, a large 

hospital-based retrospective cohort study showed that mild radiographic vertebral fractures 

were rare among adults <40 of age [50]. The prevalence of fractures increased with age 

suggesting that mild fractures are more likely related to age than to congenital or natural 

variation. Furthermore, we did not found ‘squaring’ as assessed with the mSASSS in lumbar 

vertebral bodies with mild fractures. 

CONCLUSIONS

This prospective observational cohort study showed a high prevalence of radiographic 

vertebral fractures in AS patients with active disease before the start of TNF-α blocking 

therapy. Patients with vertebral fractures were older, had worse spinal mobility, and 

more spinal radiographic damage. During 4 years of TNF-α blocking therapy, 20% of the 

patients developed one or more new vertebral fractures. Older age, smoking, poor physical 

functioning, low lumbar spine BMD, presence of moderate vertebral fractures, and use of 

anti-osteoporotic treatment at baseline were associated with the development of new 

vertebral fractures. Most fractures were mild and occurred in the middle and lower thoracic 

spine. In all patients, a significant improvement in disease activity, physical functioning, spinal 

mobility, and BMD was found. However, patients who developed new vertebral fractures 

showed significantly less improvement in spinal lateral flexion and lumbar spine BMD. 

This study underlines that radiographic vertebral fractures are frequently found in AS 

patients in daily clinical practice and also occur during TNF-α blocking therapy. Vertebral 

fractures are associated with worse clinical outcome. Therefore, it is of clinical importance 

that treating physicians are aware of this. More research is required to investigate the 

underlying mechanisms of bone loss and bone formation in relation to the quality of bone 

in AS and the influence of different treatment regimens, such as TNF-α blocking therapy and 

bisphosphonates, on vertebral fractures. 



153

7

REFERENCES

1. Arends S, Spoorenberg A, Brouwer E, van 
der Veer E: Clinical studies on bone-related 
outcome and the effect of TNF-α blocking 
therapy in ankylosing spondylitis. Curr Opin 
Rheumatol 2014; 26: 259-68.

2. van der Weijden MA, Claushuis TA, Nazari T, Lems 
WF, Dijkmans BA, van der Horst-Bruinsma IE: 
High prevalence of low bone mineral density in 
patients within 10 years of onset of ankylosing 
spondylitis: a systematic review. Clin Rheumatol 
2012; 31: 1529-35.

3. Graham B, van Peteghem PK: Fractures of the 
spine in ankylosing spondylitis. Diagnosis, 
treatment, and complications. Spine 1989; 14: 
803-7.

4. Geusens P, Vosse D, van der Heijde D, et al.: High 
prevalence of thoracic vertebral deformities 
and discal wedging in ankylosing spondylitis 
patients with hyperkyphosis. J Rheumatol 2001; 
28: 1856-61.

5. Vosse D, Feldtkeller E, Erlendsson J, Geusens 
P, van der Linden S: Clinical vertebral fractures 
in patients with ankylosing spondylitis. J 
Rheumatol 2004; 31: 1981-5.

6. Westerveld LA, Verlaan JJ, Oner FC: Spinal 
fractures in patients with ankylosing spinal 
disorders: a systematic review of the literature 
on treatment, neurological status and 
complications. Eur Spine J 2009; 18: 145-56.

7. Cooper C, Carbone L, Michet CJ, Atkinson 
EJ, O’Fallon WM, Melton LJ 3rd.: Fracture risk 
in patients with ankylosing spondylitis: a 
population based study. J Rheumatol 1994; 21: 
1877-82.

8. Vosse D, Landewé R, van der Heijde D, Van der 
Linden S, van Staa TP, Geusens P: Ankylosing 
spondylitis and the risk of fracture: results from 
a large primary care-based nested case-control 
study. Ann Rheum Dis 2009; 68: 1839-42.

9. Weiss RJ, Wick MC, Ackermann PW, Montgomery 
SM: Increased fracture risk in patients with 
rheumatic disorders and other inflammatory 
diseases – a case-control study with 53,108 
patients with fracture. J Rheumatol 2010; 37: 
2247-50.

10. Muñoz-Ortego J, Vestergaard P, Rubio JB, et al.: 
Ankylosing spondylitis is associated with an 
increased risk of vertebral and non-vertebral 
clinical fractures: a population-based cohort 
study. J Bone Miner Res 2014; 29: 1770-6.

11. Ralston SH, Urquhart GD, brzeski M, Sturrock RD: 
Prevalence of vertebral compression fractures 
due to osteoporosis in ankylosing spondylitis. 
BMJ 1990; 300: 563-5.

12. Donnelly S, Doyle DV, Denton A, Rolfe I, 
McCloskey EV, Spector td: bone mineral density 
and vertebral compression fracture rates in 
ankylosing spondylitis. Ann Rheum Dis 1994; 
53: 117-21.

13. Mitra D, Elvins DM, Speden DJ, Collins AJ: 
The prevalence of vertebral fractures in mild 
ankylosing spondylitis and their relationship to 
bone mineral density. Rheumatology 2000; 39: 
85-9.

14. Lange U, Teichmann J, Strunk J, Müller-Ladner 
U, Schmidt KL: Association of 1.25 vitamin D3 
deficiency, disease activity and low bone mass 
in ankylosing spondylitis. Osteoporos Int 2005; 
16:1999-2004.

15. Jun JB, Joo KB, Her My, et al.: Femoral bone 
mineral density is associated with vertebral 
fractures in patients with ankylosing spondylitis: 
a cross-sectional study. J Rheumatol 2006; 33: 
1637-41.

16. Vosse D, van der Heijde D, Landewé R, et al.: 
Determinants of hyperkyphosis in patients with 
ankylosing spondylitis. Ann Rheum Dis 2006; 65: 
770-4.

17. Ghozlani I, Ghazi m, Nouijai A, et al.: Prevalence 
and risk factors of osteoporosis and vertebral 
fractures in patients with ankylosing spondylitis. 
Bone 2009; 44:7 72-6. 

18. Montala N, Juanola X, Collantes E, et 
al.: Prevalence of vertebral fractures by 
semiautomated morphometry in patients with 
ankylosing spondylitis. J Rheumatol 2011; 38: 
893-7.

19. Klingberg E, Geijer M, Göthlin J, et al.: Vertebral 
fractures in ankylosing spondylitis are associated 
with lower bone mineral density in both central 
and peripheral skeleton. J Rheumatol 2012; 39: 
1987-95.



154

20. van der Weijden MA, van der Horst-Bruinsma IE, 
van Denderen JC, Dijkmans BA, Heymans MW, 
Lems WF: High frequency of vertebral fractures 
in early spondylarthropathies. Osteoporos Int 
2012; 23: 1683-90. 

21. Feldtkeller E, Vosse D, Geusens P, van der Linden 
S: Prevalence and annual incidence of vertebral 
fractures in patients with ankylosing spondylitis. 
Rheumatol Int 2006; 26: 234-9.

22. Geusens P, Vosse D, van der Linden S: 
Osteoporosis and vertebral fractures in 
ankylosing spondylitis. Curr Opin Rheumatol 
2007; 19: 335-9.

23. Sambrook PN, Geusens P: The epidemiology 
of osteoporosis and fractures in ankylosing 
spondylitis. Ther Adv Musculoskelet Dis 2012; 
4: 287-92.

24. Kang Ky, Kim IJ, Jung SM, et al.: Incidence and 
predictors of morphometric vertebral fractures 
in patients with ankylosing spondylitis. Arthritis 
Res Ther 2014; 16: R124.

25. Durnez A, Paternotte S, Fechtenbaum J, et 
al.: Increase in bone density in patients with 
spondyloarthritis during anti-tumor necrosis 
factor therapy: 6-year followup study. J 
Rheumatol 2013; 40: 1712-8.

26. Arends S, Spoorenberg A, Houtman PM, et 
al.: The effect of three years of tnfα blocking 
therapy on markers of bone turnover and their 
predictive value for treatment discontinuation 
in patients with ankylosing spondylitis: a 
prospective longitudinal observational cohort 
study. Arthritis Res Ther 2012; 14: R98. 

27. van der Linden S, Valkenburg HA, CATS A: 
Evaluation of diagnostic criteria for ankylosing 
spondylitis. A proposal for modification of the 
New York criteria. Arthritis Rheum 1984; 27: 361-
8. 

28. Braun J, Davis J, Dougados M, Sieper J, van 
der Linden S, van der Heijde D: First update of 
the international ASAS consensus statement 
for the use of anti-TNF agents in patients with 
ankylosing spondylitis. Ann Rheum Dis 2006; 65: 
316-20.

29. Arends S, Brouwer E, van der Veer E, et 
al.: Baseline predictors of response and 
discontinuation of tumor necrosis factor-alpha 
blocking therapy in ankylosing spondylitis: a 
prospective longitudinal observational cohort 
study. Arthritis Res Ther 2011; 13: R94.

30. Garrett S, Jenkinson T, Kennedy LG, Whitelock H, 
Gaisford P, Calin A: A new approach to defining 
disease status in ankylosing spondylitis: the 
Bath Ankylosing Spondylitis Disease Activity 
Index. J Rheumatol 1994; 21: 2286-91. 

31. Lukas C, Landewe R, sieper J, et al.: Assessment 
of spondyloarthritis international Society 
(ASAS): Development of an ASAS-endorsed 
disease activity score (ASDAS) in patients with 
ankylosing spondylitis. Ann Rheum Dis 2009; 
68: 18-24. 

32. van der Heijde D, Lie E, Kvien TK, et al.: 
Assessment of spondyloarthritis international 
Society (ASAS): ASDAS, a highly discriminatory 
ASAS-endorsed disease activity score in patients 
with ankylosing spondylitis. Ann Rheum Dis 
2009; 68: 1811-8. 

33. Calin A, Garrett S, Whitelock H, et al.: A new 
approach to defining functional ability in 
ankylosing spondylitis: the development of the 
Bath Ankylosing Spondylitis Functional Index. J 
Rheumatol 1994; 21: 2281-5.

34. Holick MF: Vitamin D deficiency. N Engl J Med 
2007; 357: 266-81.

35. Spoorenberg A, de Vlam K, van der Linden S, et 
al.: Radiological scoring methods in ankylosing 
spondylitis. Reliability and change over 1 and 2 
years. J Rheumatol 2004; 31: 125-32. 

36. Wanders AJ, Landewe RB, Spoorenberg A, et 
al.: What is the most appropriate radiologic 
scoring method for ankylosing spondylitis? A 
comparison of the available methods based 
on the Outcome Measures in Rheumatology 
Clinical Trials filter. Arthritis Rheum 2004; 50: 
2622-32.

37. Genant HK, Wu CY, van Kuijk C, Nevitt MC: 
Vertebral fracture assessment using a 
semiquantitative technique. J Bone Miner Res 
1993; 8: 1137-48.

38. Looker AC, Wahner HW, Dunn WL, et al.: Updated 
data on proximal femur bone mineral levels of 
US adults. Osteoporos Int 1998; 8: 468-9.

39. Schousboe JT, Shepherd JA, Bilezikian JP, 
Baim S: Executive Summary of the 2013 ISCD 
Position Development Conference on Bone 
Densitometry. J Clin Densitom 2013; 16: 455-66.

40. Waterloo S, Nguyen T, Ahmed LA, et al.: 
Important risk factors and attributable risk of 
vertebral fractures in the population-based 
Tromsø study. BMC Musculoskelet Disord 2012; 
31; 13:63.



155

7

41. Bessant R, Keat A: How should clinicians 
manage osteoporosis in ankylosing spondylitis? 
J Rheumatol 2002; 29: 1511-9.

42. Cummings SR, Melton LJ: Epidemiology and 
outcomes of osteoporotic fractures. Lancet. 
2002; 359: 1761-7.

43. Black DM, Arden NK, Palermo L, Pearson J, 
Cummings SR: Prevalent vertebral deformities 
predict hip fractures and new vertebral 
deformities but not wrist fractures. Study of 
Osteoporotic Fractures Research Group. J Bone 
Miner Res 1999; 14: 821-8.

44. Lindsay R, Silverman SL, Cooper C, et al.: Risk of 
new vertebral fracture in the year following a 
fracture. JAMA 2001; 285: 320-3.

45. Kanterewicz E, Puigoriol E, García-Barrionuevo 
J, et al.: Prevalence of vertebral fractures and 
minor vertebral deformities evaluated by DXA-
assisted vertebral fracture assessment (VFA) in 
a population-based study of postmenopausal 
women: the FRODOS study. Osteoporos Int 
2014; 25: 1455-64.

46. Briot K, Gossec L, Kolta S, Dougados M, Roux C: 
Prospective assessment of body weight, body 
composition, and bone density changes in 
patients with spondyloarthropathy receiving 
anti-tumor necrosis factor-alpha treatment. J 
Rheumatol 2008; 35: 855-61.

47. Visvanathan S, van der Heijde D, Deodhar A, et al.: 
Effects of infliximab on markers of inflammation 
and bone turnover and associations with bone 
mineral density in patients with ankylosing 
spondylitis. Ann Rheum Dis 2009; 68: 175-82.

48. Kang KY, Ju JH, Park SH, Kim HY: The paradoxical 
effects of TNF inhibitors on bone mineral density 
and radiographic progression in patients with 
ankylosing spondylitis. Rheumatology 2013; 52: 
718-26.

49. Fechtenbaum J, Briot K, Paternotte S, et al.: 
Difficulties in the diagnosis of vertebral fracture 
in men: agreement between doctors. Joint 
Bone Spine. 2014; 81: 169-74.

50. Yu W, Lin Q, Zhou X, Shao H, Sun P. 
Reconsideration of the relevance of mild wedge 
or short vertebral height deformities across a 
broad age distribution. Osteoporos Int 2014; 25: 
2609-15.




