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Abstract

Background: During Ankylosing spondylitis (AS) courses, shoulder involvement is common. However, etiologies of
shoulder pain in patients with AS remain to be defined. The aim of this study was to investigate the prevalence of
ultrasound (US) abnormalities in shoulders of patients with ankylosing spondylitis (AS), and to determine predictive
factors of ultrasound shoulder enthesitis.

Methods: 38 patients with AS were included with 38 age and sex-matched healthy controls. All patients fulfilled
the modified New York criteria for ankylosing spondylitis. Clinical and demographical data were recorded. US
examination of bilateral shoulders was performed by a musculoskeletal sonographer according to a defined protocol
that included imaging of the insertions of supraspinatus, subscapularis and infraspinatus tendons, rotator cuff tendons,
subacromial-subdeltoid bursa, acromioclavicular joint, and glenohumeral joint.

Results: The mean age of patients and controls was 36 years, each group of patients and controls comprised 22 men
(57.9%) and 16 women (42.1%). Disease duration was 9.6 ± 7.2 years. Among 38 patients with AS, 21 had coxitis (55%)
and 19 had previous or current shoulder pain (50%). AS shoulders presented significantly more ultrasound enthesitis
than controls shoulders (43 shoulders (56.6%) versus 8 shoulders (10.5%) respectively). Involvement of rotator cuff
tendons was significantly higher in patients with AS compared with control subjects (16/38 (42.1%) versus 6 (15.2%)
respectively). However, involvement of gleno-humeral and acromio-clavicular joints was infrequent in both groups. In
patients with AS, we found that the presence of coxitis was the only significant predictive factors of shoulder enthesitis
(Odds Ratio (OR) = 9.4; Confidence interval (CI) 95% (1.10; 81.9), p = 0.04).

Conclusions: Ultrasound abnormalities of shoulders are common in patients with AS, and the most frequent
abnormalitie was enthesitis, which was associated with the presence of coxitis.
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Background
During Ankylosing spondylitis (AS) courses, shoulder in-
volvement is common [1,2]. On the basis on AS clinical
assessment, prevalence of shoulder pain varied from 3.5
to 33% [1-4]. Despite its common occurrence in patients
with AS, shoulder involvement is not frequently disab-
ling [2]. However, etiologies of shoulder pain in patients
with AS remain to be defined, physicians presumed that
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shoulder pain may be due to synovitis, bursitis, or struc-
tural joint damage. There have been very few studies
which examined the etiology of shoulder pain in patients
with AS, and usually not in a controlled format [1,2,4,5].
Some cross-sectional plain radiographic studies have de-
scribed joint space narrowing, erosion, and bony prolifera-
tion in the acromio-clavilcular joint, the gleno-humeral
joint, and around the rotator cuff insertion [1,2,5].
Nowadays, it is widely known that enthesitis is the pri-

mary clinical feature in AS [6,7]. Enthesitis has been
demonstrated in various peripheral locations such as the
Achilles tendon, and the knee [8-10], but it has not yet
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been formally evaluated in the shoulder. For the clinical
evaluation of enthesitis in AS, several index have been
developed [11-16], but the shoulder is not usually in-
cluded in these index.
Over the last few years, ultrasound has proved to be a

reliable method for assessing tendon and joint involve-
ment with a high sensitivity. Several musculoskeletal fea-
tures of AS such as enthesitis, synovitis, erosion, bursitis,
and tenosynovitis could be visualized by ultrasound [17].
Recently, there is an increasing interest for the use of
ultrasound for AS evaluation. Many ultrasound index
were developed to assess enthesitis in patients with AS:
the Glasgow Ultrasound Enthesitis Scoring System
(GUESS) [18], Sonographic Entheseal Index (SEI) [19],
and Ultrasound Enthesis Score [20]. None of these indices
include the scanning of shoulder enthesis, which due
probably to the lack of sonographic study of shoulder in
patients with AS.
The purpose of this study was therefore to assess

ultrasound features of shoulder in AS patients compared
with age and sex-matched healthy controls, furthermore,
we aim to determine predictive factors of shoulder
enthesitis in patients with AS.

Methods
Thirty eight patient with AS and 38 age and sex-
matched healthy controls were enrolled. All patients
with AS fulfilled the modified New York criteria for an-
kylosing spondylitis [21]. We collected demographic and
clinical data including; disease duration, form of AS, pres-
ence of coxitis and previous or current shoulder pain.
AS activity was assessed by the bath ankylosing spon-

dylitis disease activity index (BASDAI) [22], and we used
the bath ankylosing spondylitis function index (BASFI)
[23] to evaluate function. Each patient and control sub-
ject provided informed written consent to participate in
this study at baseline and the study received approval
from the ethic committee of biomedical research of Fac-
ulty of Medicine and Pharmacy of Rabat.

Ultrasound
Bilateral US examination of shoulders, for each patient
and control subject, was realized by a rheumatologist
with 2 years of experience in musculoskeletal US,
assisted by a rheumatologist with 7 years of experience
in musculoskeletal US. Toshiba Xario equipment with a
14-MHz linear array transducer was used.
We realized standarized sections [24-29] to scan each

tendon of cuff rotator in both longitudinal and trans-
verse planes as following: 1) neutral position of shoulder,
elbow flexed 90, scaning of biceps tendon between the
greater and less tuberosities in ventral transverse and
longitudinal planes for visualisation of the tendon and
detection of minute fluid accumulations and detection
of tenosynovitis, 2) during maximal external rotation
with the elbow flexed 90 and fixed on the iliac crest,
scaning of the subscapularis tendon with visualisation of
its enthese on the lesser tuberosity 3) supraspinatus was
evaluated along its long and short-axis while the patient
was placing the arm posteriorly and the palmar side of
the hand on the superior aspect of the iliac wing, its in-
sertion on the greater tuberosity was examined 4) the
patient placing the hand on the opposite shoulder,
infraspinatus was scanned with its enthese on the greater
tuberosity. Blood flow was examined at the entheseal
sites using power Doppler mode with a pulse repetition
frequency of 750 Hz and a power Doppler gain of 60 dB.
In B mode, we explored cuff rotator tendon morph-

ology to detect tendinopathy by searching partial or full-
thickness tears and intra-tendinous calcifications. Presence
of tenosynovitis of the long biceps tendon was assumed
when the echogenic tendon was surrounded by a hypo-
echogenic band on the transverse and longitudinal sec-
tions. At tendon insertion, we searched for the following
abnormal findings, and any one of them was considered as
a feature of enthesitis [30]; tendon thickening at the level
of bony attachment, enthesophytes, bony erosion and
presence of Doppler signal at the level of bony attachment.
While assessing rotator cuff, subacromial or subdeltoid
bursitis was searched.
Gleno-humeral and acromio-clavicular joints were also

assessed as following: dorsal transverse section through
the infraspinous fossa laterally below the scapular spine
and axillary longitudinal section, for detection of syno-
vitis, synovial proliferation, and erosion of the humeral
head; and ventral transverse section over the acromio-
clavicular joint.

Statistical analysis
Continuous variables were expressed by median ± stand-
ard deviation or median (interquartile ranges), and cat-
egorical variables as number (percentage). Comparison
of categorical variables between patients and control
subjects were done by chi-square or Fisher’s exact test.
Continuous variables were compared by t-student test.
Furthermore, we used chi-square test to compare the
frequency of enthesitis between subgroups in patient
group, these subgroups were defined functions of AS
subtypes.
Thereafter, we performed a logistic regression to deter-

mine predictive factors for enthesitis in AS patients;
firstly univariate logistic regression were done, and the
remaining factors (P < 0.05) were entered into a final
global multivariate logistic regression model, so multi-
variate analysis were secondly performed.
Results were considered significant for p < 0.05, and

Confidence intervals (CI) were computed at the 95%
level. A computer software package (SPSS, version 13;



Table 1 Comparison of characteristics and ultrasound
results between AS patients and control subjects

Patients Control
subjects

p

(n = 38) (n = 38)

Age (years) 36.8 ± 10.7 36.9 ± 10,6 0.95

Sex: males 22 (57.9) 22 (57.9) 1

Disease duration (years) 9.6 ± 7.2

Previous treatment

NSAIDs 26 (68.4)

Methotrexate 3 (7.9)

Sulfasalazine 8 (21.1)

Anti-TNF drugs 1 (2.6)

Current treatment

NSAIDs 22 (57.9)

Methotrexate 1 (2.6)

Sulfasalazine 2 (5.3)

Anti-TNF drugs 13 (34.2)

AS subtypes

Isolated axial disease 10 (26.3%)

Axial and enthesic 9 (23.7%)

Axial with peripheral 5 (13.2)

Axial and enthesic and peripheral 14 (36.8)

Pain of shoulder 19 (50)

coxitis 21 (55.3)

BASDAI 4.9 ± 1.9

BASFI 5.1 ± 2.9

Enthese involvement 26 (68.4) 8 (21.1) <0.001

Supraspinatus 22 (57.9) 5 (13,2) <0.001

Subscapularis 14 (36.8) 1 (2.6) <0.001

Infraspinatus 15 (39.5) 3 (7.9) 0.001

Multiple enthesitis 14 (36.8) 0 (0) <0.001

Bilateral enthesitis 17 (44.7) 0 (0) 0.003*

Rotator cuff tendinopathy 16 (42.1) 6 (15.8) 0.01

Supraspinatus 11 (28.9) 3 (7.9) 0.01

Subscapularis 5 (13.2) 1 (2.6) 0.20*

Infraspinatus 8 (21.1) 3 (7.9) 0.10

Biceps tenosynovitis 5 (13.2) 0 (0) 0.05*

Bilateral involvement 12 (31.5) 1 (2.6) 0.02*

Gleno-humeral joint

Synovitis 1 (2.6) 0 (0) 1*

erosion 1 (2.6) 0 (0) 1*

Acromio-claviculaire joint

Erosion 0 (0) 3 (7.9) 0.24*

synovitis 0 (0) 0 (0)

subacromial bursitis 0 (0) 0 (0)

*exact Fisher’s test.
Results are expressed by mean ± standard deviation or number (percentage).
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SPSS, Chicago, IL) was used to perform all statistical
calculations.

Results
Each group of patients with AS and control subjects com-
prised similarly 22 men (57.9%) and 16 women (42.1%),
the mean age was respectively 36.8 ± 10.7 and 36.9 ±
10.6 years (p = 0.95). AS patients had mean disease dur-
ation of 9.6 ± 7.2 years. The mean BASDAI was 4.9 ± 1.9.
Among 38 patients with AS, 21 had coxitis (55%) and 19
had previous or current shoulder pain (50%) (Table 1).
Ultrasound abnormalities of shoulders were signifi-

cantly more frequent in patients with AS (28/38 patients
(73.7%)) than controls (14/38 controls (36.8%)). The
most frequent disorder in patients with AS was
enthesitis. Among 76 shoulders examined in each group
(Table 2), 43 AS shoulders presented enthesitis (56.6%)
versus 8 shoulders in control group (10.5%). In both
groups, the most frequent involved entheses in shoulder
were supraspinatus e.g. (Figure 1) followed by sub-
scapularis e.g. (Figure 2) and infraspinatus. Table 3 shows
aspects of enthesitis in AS shoulders compared with con-
trol shoulders.
In addition, entheseal involvement was multiple in 21

of 76 AS shoulders and in 14 patients with AS (36.8%),
however, there was not multiple entheseal involvement
in control shoulders. Seventeen patients from 38 had bi-
lateral enthesitis in shoulders (44.7%) while no bilateral
enthesitis was found in control subjects.
Involvement of rotator cuff tendons was significantly

higher in patients with AS compared with control sub-
jects (16/38 (42.1%) versus 6 (15.2%) respectively). This
rotator cuff involvement was significantly frequently bi-
lateral in patients with AS in comparison with control
subjects (Table 2). Description of rotator cuff tendon ab-
normalities is presented in Table 3. Other ultrasound ab-
normalities such as synovitis and joint involvement were
similarly less frequents in both groups (Tables 2 and 3).
In the group of patients with AS, 23/38 patients had

previously known entheseal involvement. Patients with
previously known enthesitic form presented similar fre-
quency of shoulder enthesis than patients without
enthesitic form (16/23 (69.5%) and 10/15 (66.6%) re-
spectively, p = 1). Similarly, no difference was found be-
tween patients with isolated axial disease and mixed
forms (axial disease with peripheral joint involvement
and/or enthesitic form).
Among 76 AS shoulders, thirty three shoulders were

currently or previously painful. These painful shoulders
presented significantly more ultrasound abnormalities
(75.8% (25/33)) and more enthesitis (24/33 (72.7%)) com-
pared with no painful AS shoulders (20/43 shoulders
(46.5%) presented US abnormalities and 19/43 (44.2%)
enthesitis).



Table 2 Comparison of ultrasound abnormalities between
AS shoulders and control shoulders

AS shoulders Control
shoulders

p

(n = 76) (n = 76)

Enthese involvement 43 (56.6) 8 (10.5) <0,001

Supraspinatus 31 (40.8) 5 (6.6) <0.001

Subscapularis 21 (27.6) 1 (1.3) <0.001

Infraspinatus 22 (28.9) 2 (2.6) <0.001

Multiple enthesitis 21 (27.6) 0 (0) 0.01*

Rotator cuff tendinopathy 28 (36.8) 7 (9.2) <0.001

Supraspinatus 16 (21.1) 4 (5.3) 0.004

Subscapularis 9 (11.8) 2 (2.6) 0.03*

Infraspinatus 12 (15.8) 3 (3.9) 0.01*

Biceps tenosynovitis 8 (10.5) 0 (0) 0.006*

Bilateral involvement 12 (15.8) 2 (2.6) 0.67*

Gleno-humeral joint

Synovitis 1 (1.3) 0 (0) 1.00*

erosion 2 (2.6) 0 (0) 0.50*

Acromio-claviculaire joint

Synovitis 0 (0) 0 (0) 0.24*

Erosion 0 (0) 3 (3.9)

Sub-deltoid bursitis 0 (0) 0 (0)

*exact Fisher’s test.
Results are expressed by number (percentage).

Figure 1 Ultrasound image of supraspinatus enthesitis: sagittal
B-mode US scanning of supraspinatus tendon showing bony
erosion with enthesophytes.

Figure 2 Ultrasound image of subscapularis enthesitis: sagittal
B-mode US scaning of subscapularis tendon showing bony
erosion with enthesophytes.
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At univariate analysis, the presence of shoulder
enthesitis was associated to long onset disease, coxitis,
high disease activity (BASDAI), and poor function (high
BASFI). After multivariate analysis, the only factor which
still strongly associated to shoulder enthesitis was coxitis
(OR = 9.4 with IC 95% (1.10; 81.9)) (Table 4).

Discussion
To our knowledge, this work represents the first con-
trolled ultrasound evaluation of shoulders in patient
with AS. There were several important findings in this
study: Firstly, gleno-humeral synovitis was uncommon
in our patients with AS. Secondly, the high frequency of
enthesitis in AS shoulders with multiple entheseal in-
volvement in shoulder compared with controls, and the
bilateral aspect of enthesitis in AS shoulders. Thirdly,
the frequency of enthesitis in shoulders was similar in all
AS subtypes. Fourthly, coxitis was the only predictive
factor for this enthesitis.
Despite of the commonly involvement of shoulders

during AS course [2], very few studies focused to study
the etiology of shoulder pain in these patients [1,2,4,5].
Using plain radiography, shoulders of 26 AS patients
were examined in a previous not controlled study [2].
31% of patients presented evident radiologic abnormal-
ities and the most commonly involved site was the
acromio-clavicular joint, 9 shoulders presented sever
radiologic changes in the gleno-humeral joint. One
other study, which enrolled 52 patients with AS, found
in 29 shoulders plain radiologic abnormalities including
acromio-clavicular joint narrowing, sclerosis of the greater
tuberosity and cystic changes in the humeral head [1]. In
our study, ultrasound involvement of acromio-clavicular
and gleno-humeral joints was rare. Recently, a MRI study
included 15 patients with AS with shoulder pain, and a
control group of 92 individuals with nonspecific shoulder
pain. Bone marrow edema at any entheseal site was noted
in significantly more AS shoulders (70.6%) than in control
(19.1%) shoulders [4].
Some clinical scores have been developed to assess

enthesitis in patients with AS, but they don’t all include
the shoulder [11-16]. The most recent index has been
developed by the Spondyloarthritis Research Consortium
of Canada (SPARCC), it evaluates only the peripheral
entheses and it includes the shoulder [16]. According to
this SPARCC index, the most frequently affected sites



Table 3 Comparison of enthesitis aspects and rotator cuff
tendon disorders between patient and control shoulders

AS shoulders Control shoulders P

(n = 76) (n = 76)

Supraspinatus enthesitis

Doppler 1 (1.3%) 0 (0) 1

Enthesophytosis 4 (5.3%) 0 (0) 0.12

Bony erosion 30 (39.5%) 5 (6.6) <0.001

Thickening 2 (2.6%) 0 (0) 0.49

Subscapularis enthesitis

Doppler 0(0) 0(0) 1

Enthesophytosis 1 (1.3%) 0 (0) <0.001

Bony erosion 22 (28.9%) 2 (2.6%) 1

Thickening 1 (1.3%) 0 (0)

Infraspinatus enthesitis

Doppler 0(0) 0 (0) 1

Enthesophytosis 1 (1.3%) 0 (0) <0.001

Bony erosion 21 (27.6%) 1 (1.3%)

Thickening 0 (0) 0 (0)

Supraspinatus tendon

Partial tear 10 (13.2%) 0 (0) 0.001

Full tear 2 (2.6%) 0 (0) 0.49

Calcification 4 (5.3%) 4 (5.3%) 1

Doppler 0 (0) 0 (0)

Infraspinatus tendon

Partial tear 6 (7.9%) 0 (0) 0.028

Full tear 1 (1.3) 0 (0) 1

Calcifications 2 (2.6%) 2 (2.6%) 1

Doppler 0 (0) 0 (0)

Subscapularis tendon

Partial tear 8 (10.5%) 0 (0) 0.006*

Full tear 1 (1.3%) 0 (0) 1

Calcifications 3 (3.9%) 3 (3.9%) 1

Doppler 0 (0) 0 (0)

*exact Fisher’s test.
Results are expressed by number (percentage). Table 4 Predictive factors of shoulder enthesitis in AS

patients

Univariate analysis Multivariate analysis

OR (IC 95%) OR (CI 95%)

Age (years) 1.03 (0.96; 1.10)

Sex 0.62 (0.15; 2.48)

Shoulder pain 2.7 (0.65; 11.4)

AS subtypes 1.13 (0.64; 2.00)

Disease duration (years) 1.21 (1.02; 1.44)a 1.24 (0.96; 1.62)

coxitis 13,5 (2.36; 77.9)b 9.4 (1.10; 81.9)e

BASDAI 1.72 (1.10; 2.72)c 1.83 (0.84; 3.98)

BASFI 1.50 (1.10; 2.05)d 1.03 (0.65; 1.63)
abcdesignificant results. ap = 0.02, bp = 0.003, cp = 0.02, dp = 0.01, ep = 0.04.
OR odds ratio, CI confidence interval.
BASDAI: the bath ankylosing spondylitis disease activity index.
BASFI: the bath ankylosing spondylitis function index.
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were the greater trochanter and supraspinatus insertion.
Despite the lack of specificity of enthese clinical evalu-
ation, the finding of this index is relatively consistent
with our ultrasound results, supraspinatus insertion was
also the most involved enthese site in the shoulders of
our patients.
For enthese evaluation, the accuracy of clinical exam-

ination and X ray is still uncertain. So, new imaging
techniques such as ultrasound and magnetic resonance
imaging (MRI) were recently used to examine enthese in
patients with AS. Over the last few years, several studies
have highlighted the value of ultrasound in assessing
entheses in AS. Ultrasound B-mode aspects of lower
limb enthesitis of AS was firstly described by Lehtinen
et al. [10] in 1994, and in 2003 Balint et al. developped a
ultrasound scoring system designed to assess five
entheseal sites in the lower limb (GUESS) [18]. There-
after, D’Agostino et al. used B-mode US combined with
power Doppler (PDUS) to show a high frequency of ab-
normal peripheral enthesitis among patients with AS in
comparison with controls affected by rheumatoid arth-
ritis or degenerative spinal disease in a cross-sectional
study [31]. Recently, other ultrasound scoring system
were developed, the Spanish enthesis index [19,20]
which is based on the use of ultrasound B-mode only,
and the Madrid sonographic enthesitis index (MASEI)
[20], which combines abnormalities in grey scale and
Doppler . However, none of these scores included the
shoulder, and actually there is no clear agreement on
which structures to examine while assessing enthesitis in
patients with AS. Also, there is no consensus of the
definition of enthesitis in AS, so definition varied be-
tween authors [30]. In 2005, an OMERACT-EULAR
working group on Ultrasound was constituted to address
validity issues, and to establish international consensus
and scoring systems in the use of US in musculoskeletal
diseases [32].
On the other hand, the landmark of US enthesitis in

patients with AS was the presence of abnormal
vascularization at entheses [31]. In our work, abnormal
vascularization at entheses in shoulder was rarely found,
that could be due to the recruitment based on patients
with or without current or previous shoulder pain. In
addition, the high frequency of asymptomatic enthesitis
is in agreement with previous findings in other enthese
sites in patients with AS [10,18,31]. It is known that per-
ipheral enthesitis may be observed in all forms of AS
and all phases of disease evolution [33], also D’agostino
et al. found no major differences in the frequency of
Ultrasound enthesitis between the different AS subtypes
[31], which is consistent with our findings.



Ali Ou Alla et al. BMC Musculoskeletal Disorders 2013, 14:272 Page 6 of 7
http://www.biomedcentral.com/1471-2474/14/272
In our work, synovitis of gleno-humeral joint was rare.
On the other hand, patients with AS presented a high
prevalence of coxitis in our study. Previous studies,
which aimed to describe clinical aspects of AS in our
area, had also found a high prevalence of coxitis [34-36].
In the present paper, hip involvement was the only sig-
nificant factor associated with enthesitis in shoulders.
These results seem to be near to previous data sug-
gesting that involvement of the hip joint in AS is higher
in patients with shoulder involvement. Although, disease
duration was not a significant factor of shoulder involve-
ment in our study, which is in contrast with previous
finding which suggested that disease duration could pre-
dict shoulder involvement [2].

Conclusions
In conclusion, in patients with established AS, ultra-
sound abnormalities of shoulder are common, particu-
larly enthesitis. The significant association between
coxitis and shoulder enthesitis led us to suggest that
ultrasound evaluation of shoulder should be performed
in patients with AS with hip involvement. Finally, there
is a great interest to evaluate the diagnostic value of
shoulder enthesitis by performing large studies in early
onset AS.

Competing interests
The authors declare that they have no competing interests

Authors’ contributions
We declare that we participated in the study as following:
SAL, RB, HA and N H conceived the study and supervised its design,
execution, and drafted the manuscript. SAL and RA did data management
and statistical analysis. HR, SAK, HE participated in the design of the study
and coordination and helped to draft the manuscript. All authors read and
approved the final manuscript.

Author details
1Department of Rheumatology, El Ayachi Hospital, University Hospital of
Rabat-Sale, Rabat-Sale, Morocco. 2Clinical Research and Epidemiology, Faculty
of Medicine, Rabat, Morocco.

Received: 18 January 2013 Accepted: 18 September 2013
Published: 22 September 2013

References
1. Emery RJH, Ho EK, Leong JCY: The shoulder girdle in ankylosing

spondylitis. J Bone Joint Surg Am 1991, 73:1526–1531.
2. Will R, Kennedy G, Elswood J, et al: Ankylosing spondylitis and the

shoulder: commonly involved but infrequently disabling. J Rheumatol
2000, 27:177–182.

3. Marks SH, Barnett M, Calin A: Ankylosing spondylitis in women and men:
a case–control study. J Rheumatol 1983, 10:624–628.

4. Lambert RG, Dhillon SS, Jhangri GS, et al: High prevalence of symptomatic
enthesopathy of the shoulder in ankylosing spondylitis: deltoid origin
involvement constitutes a hallmark of disease. Arthritis Rheum 2004,
51:681–690.

5. Eksioglu E, Bal A, Gulec B, Aydog E, Cakci A: Assessment of shoulder
involvement and disability in patients with ankylosing spondylitis.
Rheumatol Int 2006, 27:169–173.

6. Althoff CE, Sieper J, Song IH, et al: Active inflammation and structural
change in early active axial spondyloarthritis as detected by whole-body
MRI. Ann Rheum Dis 2012, 26 [Epub ahead of print].
7. McGonagle D, Benjamin M, Marzo-Ortega H, Emery P: Advances in the
understanding of entheseal inflammation. Curr Rheumatol Rep 2002,
4:500–506.

8. Paolaggi JB, Goutet MC, Strutz P, Siaud JR, Le Parc JM, Auquier L:
Enthesopathy in inflammatory spondyloarthropathy: incidence, clinical,
radiological and anatomical descriptions: current status of the question:
apropos of 37 cases. Rev Rhum Mal Osteoartic 1984, 51:457–462.

9. Lopez-Bote JP, Humbria-Mendiola A, Ossorio-Castellanos C, Padron-Perez M,
Sabando Suarez P: The calcaneus in ankylosing spondylitis: a
radiographic study of 43 patients. Scand J Rheumatol 1989, 18:143–148.

10. Lehtinen A, Taavitsainen M, Leirisalo-Repo M: Sonographic analysis of
enthesopathy in the lower extremities of patients with
spondylarthropathy. Clin Exp Rheumatol 1994, 12:143–148.

11. Mander M, Simpson JM, McLellan A, Walker D, Goodacre JA, Dick WC:
Studies with an enthesis index as a method of clinical assessment in
ankylosing spondylitis. Ann Rheum Dis 1987, 46:197–202.

12. Gorman JD, Sack KE, Davis JC Jr: Treatment of ankylosing spondylitis by
inhibition of tumor necrosis factor alpha. N Engl J Med 2002,
346:1349–1356.

13. Clegg DO, Reda DJ, Weisman MH, et al: Comparison of sulfasalazine and
placebo in the treatment of ankylosing spondylitis: a department of
veterans affairs cooperative study. Arthritis Rheum 1996, 39:2004–2012.

14. Healy PJ, Helliwell PS: Measuring clinical enthesitis in psoriatic arthritis:
assessment of existing measures and development of an instrument
specific to psoriatic arthritis. Arthritis Rheum 2008, 59:686–691.

15. Heuft-Dorenbosch L, Spoorenberg A, van Tubergen A, et al: Assessment of
enthesitis in ankylosing spondylitis. Ann Rheum Dis 2003, 62:127–132.

16. Maksymowych WP, Mallon C, Morrow S, et al: Development and validation
of the spondyloarthritis research consortium of Canada (SPARCC)
enthesitis index. Ann Rheum Dis 2009, 68:948–953.

17. D’Agostino MA: Ultrasound imaging in spondyloarthropathies. Best Pract
Res Clin Rheumatol 2010, 24:693–700.

18. Balint PV, Kane D, Wilson H, McInnes IB, Sturrock RD: Ultrasonography of
entheseal insertions in the lower limb in spondyloarthropathy.
Ann Rheum Dis 2002, 61:905–910.

19. Alcalde M, Acebes JC, Cruz M, González-Hombrado L, Herrero-Beaumont G,
Sánchez Pernaute O: Sonographic enthesitic index of lower limbs is a
valuable tool in the assessment of ankylosing spondylitis. Ann Rheum Dis
2007, 66:1015–1019.

20. De Miguel E, Cobo T, Munoz Fernandez S: Validity of enthesis ultrasound
assessment in spondyloarthropathy. Ann Rheum Dis 2009, 68:169–174.

21. 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, 27:361–368.

22. Garrett S, Jenkinson T, Kennedy LG, Whitelock H, Gasford P, Calin A: A new
approach to defining disease status in ankylosing spondylitis: the bath
ankylosing spondylitis disease activity index. J Rheumatol 1994,
21:2286–2291.

23. 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, 21:2281–2285.

24. Martinoli C, Bianchi S, Prato N, et al: US of the shoulder: non-rotator cuff
disorders. Radiographics 2003, 23:381–401.

25. Mack LA, Nyberg DA, Matsen FA: Sonographic evaluation of the rotator
cuff. Radiol Clin North Am 1988, 26(1):161–177.

26. Middleton WD, Reinus WR, Totty WG, Melson CL, Murphy WA:
Ultrasonographic evaluation of the rotator cuff and biceps tendon.
J Bone Joint Surg Am 1986, 68(3):440–450.

27. van Holsbeeck M, Strouse PJ: Sonography of the shoulder: evaluation of
the subacromial-subdeltoid bursa. AJR Am J Roentgenol 1993,
160:561–564.

28. van Holsbeeck MT, Kolowich PA, Eyler WR, et al: US depiction of partial-
thickness tear of the rotator cuff. Radiology 1995, 197:443–446.

29. Jacobson JA: Shoulder US: anatomy, technique, and scanning pitfalls.
Radiology 2011, 260:6–16.

30. Gandjbakhch F, Terslev L, Joshua F, et al: Ultrasound in the evaluation of
enthesitis: status and perspectives. Arthritis Res Ther 2011, 13:R188.

31. D’Agostino MA, Said-Nahal R, Hacquard-Bouder C, Brasseur JL, Dougados M,
Breban M: Assessment of peripheral enthesitis in the
spondylarthropathies by ultrasonography combined with power
Doppler: a cross-sectional study. Arthritis Rheum 2003, 48:523–533.



Ali Ou Alla et al. BMC Musculoskeletal Disorders 2013, 14:272 Page 7 of 7
http://www.biomedcentral.com/1471-2474/14/272
32. Wakefield RJ, Balint PV, Szkudlarek M, et al: Proceedings from the
OMERACT special interest group for musculoskeletal ultrasound
including definitions for ultrasonographic pathology. J Rheumatol 2005,
32:2485–2487.

33. D’Agostino MA: Enthesitis. Best Pract Res Clin Rheumatol 2006, 20:473–486.
34. El Mansouri L, Bahiri R, Abourazzak FE, Abouqal R, Hajjaj-Hassouni N: Two

distinct patterns of ankylosing spondylitis in Moroccan patients.
Rheumatol Int 2009, 29:1423–1429.

35. Claudepierre P, Gueguen A, Ladjouze A, et al: Predictive factors of severity
of spondyloarthropathy in North Africa. Br J Rheumatol 1995,
34:1139–1145.

36. Hajjaj-Hassouni N, Maetzel A, Dougados M, Amor B: Comparison of
patients evaluated for spondylarthropathy in France and Morocco.
Rev Rhum Ed Fr 1993, 60:420–425.

doi:10.1186/1471-2474-14-272
Cite this article as: Ali Ou Alla et al.: Ultrasound features of shoulder
involvement in patients with ankylosing spondylitis: a case–control
study. BMC Musculoskeletal Disorders 2013 14:272.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Ultrasound
	Statistical analysis

	Results
	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


