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MUSCULOSKELETAL

Limited subacromial gliding of the supraspinatus tendon
during dynamic ultrasonography can predict a decrease
in capacity and MR arthrographic features of the shoulder joint
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Abstract

Objectives The aim of this prospective study was to compare
the painful subacromial gliding limitation of the supraspinatus
tendon (SGLS) during dynamic ultrasonography, the features
of magnetic resonance arthrography (MRA), and the maxi-
mum intra-articular injection volume to predict decreased
joint capacity of the shoulder joint.

Methods Between January 2003 and August 2011, 67
patients prospectively underwent ultrasonography including
dynamic examination and MRA. Ultrasonography and
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ultrasonography-guided injection of contrast medium was

performed before MRA, and each SGLSdU was compared

with injected contrast volume, which was assumed as the

maximum joint capacity and MRA features.

Results Forty-seven patients (70.1%) were revealed as

SGLS-positive, and 20 patients (29.9%) were revealed as

SGLS-negative by dynamic ultrasonography. Pearson’s cor-

relation coefficient between SGLS and the injection volume

was -0.764 (P<0.001). The value between SGLS and MRA

features was 0.711 (P<0.001). The mean injected volume of

the SGLS-positive (22.0 ml) and negative group (10.7 ml)

was significantly different (P<0.001).

Conclusions SGLS at ultrasonography correlated well with

MRA features and the maximum intra-articular injection vol-

ume. This sign could predict the decreased capacity of the

shoulder joint, an important feature of adhesive capsulitis, and

increase the usefulness of dynamic ultrasonography.

Key Points

* Dynamic ultrasound is increasingly used in the evaluation
of the shoulder.

e This can assess subacromial gliding limitation of the
supraspinatus tendon (SGLS)

* SGLS appeared inversely proportional to the maximum
volume of intra-articular injection.

* Dynamic ultrasonography findings correlated well with
MR arthrographic features of adhesive capsulitis.

Keywords Shoulder - Ultrasound - Ultrasonography -
Magnetic resonance - Arthrography - Adhesive capsulitis
Introduction

Adhesive capsulitis (AC), also known as a frozen shoulder, is
a clinical syndrome characterised by the gradual worsening of
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pain and limitation of both active and passive shoulder joint
motion [1-3]. Since the clinical presentation of AC can mimic
several other shoulder disorders, various imaging investiga-
tions have been used to identify AC, which include magnetic
resonance (MR) imaging, ultrasonography, nuclear medicine
and arthrography [4-9]. Conventional shoulder arthrography
has been considered to be the ‘gold standard’ investigation for
adhesive capsulitis. However, in some cases, this method has
been shown to be unreliable, invasive, and inordinate to
evaluate only AC. Recently, MR arthrography (MRA) and
ultrasound have gained increasing popularity, and previous
studies suggested several important features of AC [5-9,
11-14]. Ryu et al. [16] reported that the limited supraspinatus
tendon (SSP) movement during dynamic scanning was a
sensitive and specific sign of AC. We presumed that painful
subacromial gliding limitation of the supraspinatus tendon
(SGLYS) during dynamic ultrasonography is the result of phys-
iological changes such as decreased joint capacity or joint
stiffness. To our knowledge, no previous report about the
relevance between ultrasonography findings and joint
capacity exists. The purpose of this study was to evaluate if
assessment of SGLS can predict decreased joint capacity by
comparing it with the maximum injection volume of contrast
media for MRA, since decreased joint capacity might reflect
capsular stiffness. In addition, we compared the results of
dynamic ultrasonography with MR arthrographic features to
investigate the association of functional impairment with the
morphological changes on MR images.

Materials and methods
Patients

Our prospective study was approved by the institutional
review board of Kyungpook National University, and the
informed consent requirement was waived. Between Janu-
ary 2003 and August 2011, 647 patients underwent MRA
using ultrasound-guided intra-articular injections of contrast
media. Among them, 95 patients who have non-specific
shoulder pain or restricted shoulder motion were included
in this study. They had no previous history of trauma or
surgery around the shoulder area, and no patient refused
passive abduction or injection of contrast agent due to pain.
However, we excluded 28 patients who depicted problems
other than adhesive capsulitis, such as the superior impinge-
ment syndrome, rotator cuff tendinopathy, such as a tear or
prominent tenosynovitis, joint capsular rupture, and bony or
labral abnormalities indicating joint instability on either
ultrasonography or MR imaging. Particularly, we also
excluded the patients who depicted subacromial-subdeltoid
bursitis, an abnormality of the acromial undersurface,
decreased acromio-humeral distance, which could indicate
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superior impingement syndrome that is often confused with
AC in clinical assessment. Finally, we analyzed 67 patients
with non-specific pain and restricted motion of the shoulder
(32 male; 35 female; mean age 49.7).

Protocols of ultrasonography and contrast media injection

Every ultrasound scan was performed 30 min before MRA and
contrast medium was injected under real-time ultrasonography
guidance through the posterolateral approach. Two radiologists
(J.L., JH.Y.) with 10 and 5 years of experience in musculos-
keletal ultrasound, respectively, performed ultrasonographic
examinations using a 12— to 7-MHz linear-array transducer
(ATL HDI 5000, Advanced Technologies Laboratory, Bothell,
WA, USA). Patients were examined in the supine and decubi-
tus positions according to the standard protocol of our institute,
which includes the evaluation of the rotator cuff myotendinous
structure, bursal space and rotator cuff interval including the
coracohumeral ligament, acromioclavicular joint with the cor-
acoacromial ligament, and a dynamic study of the subacromial
gliding limitation of the supraspinatus tendon (SGLS). The
dynamic ultrasonographic evaluation was performed on
patients in the decubitus position with the arms in pronation
position. With the transducer positioned between the greater
tuberosity and acromion, an assistant raised the patient’s arm
and the SSP was traced in a coronal oblique plane during full-
range passive abduction. The degree of SGLS was scored from
0 to 3. A score of 1-3 was defined as limited subacromial
gliding, and a score 0 was regarded as normal (Table 1, Fig. 1).
However, we just classified positive and negative groups in
this study to reduce bias due to ambiguous criteria among the
grades. After completion of the standard ultrasonographic
examination, contrast media for the subsequent MRA was
injected. A syringe with 25 ml diluted gadopentetate dimeglu-
mine (Magnevist; Schering, Berlin, Germany) was prepared at
a concentration of 2 mmol/l. With the patient in the prone
position, an injection was performed using ultrasound guid-
ance by the posterolateral approach. At first, a 20-gauge needle

Table 1 Subacromial gliding of supraspinatus tendon during dynamic
ultrasonography (SGLSdU)

Group Grade Ultrasonographic criteria
Negative 0 (n=20) Complete gliding of the supraspinatus tendon
(SSP) beneath the arcromion followed by
distinct downward tilting of acromion
Positive 1 (n=14) Complete gliding of the SSP without
downward tilting of acromion
2 (n=24) Incomplete gliding of the SSP (un-glided
SSP < 50% in length)
3 (n=9) Severe gliding limitation of the SSP

(un-glided SSP > 50% in length)
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Fig. 1 Subacromial gliding
limitation of the supraspinatus
tendon on dynamic
ultrasonography (SGLSdU). a, b
Ultrasound scan of the shoulder
of a 52-year-old patient showing
negative features with a well-
defined supraspinatus tendon
(SSP) in the neutral position (a),
and complete gliding of the SSP
beneath the acromion followed
by a distinct downward tilting of
acromion during passive abduc-
tion of the shoulder (b). ¢
Dynamic ultrasound scan of a
52-year-old patient showing a
grade 1 limitation with complete
gliding of the SSP without
downward tilting of the acro-
mion; note the localized joint
fluid congestion between the
acromion and the SSP tendon. d
Dynamic ultrasound scan of a
55-year-old patient showing a
grade 2 limitation with incom-
plete subacromial gliding of the
SSP tendon. e Dynamic ultra-
sound scan of a 53-year-old
patient showing a continuously
visualized SSP tendon with
severe gliding limitation.

(4 acromion, 4 supraspinatus
tendon, H humeral head)

was advanced into the glenohumeral joint through the infra-
spinatus muscle, and then an intra-articular injection was per-
formed. The injection process was discontinued when the
contrast passage to the joint was impeded by marked resistance
or a maximum of 25 ml was injected if there was no resistance.
At this time, the volume of injected contrast media was meas-
ured from the line scale of the syringe, and we assumed the
injected volume as the maximum joint capacity. Generally, the
injected volume of contrast medium for MRA of the shoulder
joint is 10—15 ml, but we thought the volume would be
insufficient to evaluate the maximum joint capacity [15]. Fur-
thermore, a previous study with fresh cadavers described the
capacity of the shoulder joint of adults as varying from 28 to
35 ml [19]. Accordingly, we set 25 ml as the maximum
injection volume to prevent capsular rupture by excessive
contrast media. In addition, we obtained informed consent
about a greater potential of capsular rupture and shoulder pain
during or after the procedure. During every injection, ultra-
sonographic inspection was performed to ascertain whether or
not capsular rupture occurred. In addition, MR arthrographic
image review and further clinical observation were made after
examination.

MR imaging protocol

MR imaging was performed within 30 min after administra-
tion of the contrast agent at 3.0T (Signa Excite; GE Health-
care, Milwaukee, WI), using a phased array surface coil
(Shoulder Array; Medrad, Indianola, PA, USA). Patients were
placed so that the humerus was in a neutral position. Fat-
suppressed T1-weighted sequences (TR range/TE range,
450-800/11-16) were performed in the axial, coronal oblique
(parallel to the long axis of the supraspinatus tendon), and
sagittal oblique (perpendicular to the long axis of the supra-
spinatus tendon) planes. Double-echo fast spin-echo pulse
sequences were used to obtain coronal oblique intermediate-
weighted MR images (3,000-4,500/14-21 ms) and T2-
weighted MR images (3,000-4,500/63-112 ms) using an echo
train length of 10. MR imaging parameters for all sequences
were the following: field of view, 15-16 cm; 1-2 excitations;
matrix size, 256 x256; section thickness, 3 mm; intersection
gap, 0.3 mm. We defined the ‘MR arthrographic positive
group’ of adhesive capsulitis as follows: (1) thickening of
the coracohumeral ligament (CHL) greater than 4 mm on
sagittal oblique T1-weighted images, (2) thickness of the joint
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Table 2 The maximum intra-articular injection volumes and MR
arthrographic features of SGLS-positive and SGLS-negative groups

Group SGLS positive SGLS negative
(n=47) (n=20)

MR positive® (n=42) 40 2

MR negative® (n=25) 7 18

Mean injection
volume (ml)
Standard deviation of 3.31 6.29

injection volume

10.7 (range 9-25) 22.0 (range 3.5-15)

# Numbers of study subjects

capsule in the rotator cuff interval greater than 7 mm on
sagittal oblique T1-weighted images, (3) thickness of the
capsule and synovium greater than 3 mm at the level of the
axillary recess on oblique coronal T2-weighted images [9, 12].

Data analysis

The images were interpreted by two experienced musculoske-
letal radiologists (J.L., J.H.Y.) by consensus. Pearson’s corre-
lation coefficients were calculated to evaluate relevance (1)
between SGLS and the mean injected volume and (2) between
SGLS and MRA, respectively. After analysis, Fisher’s exact
tests were used to evaluate the relationship. Statistical analysis
was performed with a statistical software package (SPSS for
Windows, version 18.0, SPSS). A statistically significant dif-
ference was defined as P<0.05.

Results

Among the 67 patients, 47 (70.1%; male 17; female 30;
mean age 52.5) were revealed as SGLS-positive, and 20
(29.9%; male 15; female 5; mean age 43.2) were revealed
as SGLS-negative during the dynamic ultrasonography.
After the injections, no patient suffered a ruptured joint

capsule. Between the SGLS-positive and SGLS-negative
groups, the maximum injection volume and MR arthro-
graphic features were analysed, respectively (Table 2 and
Figs. 2, 3). Correlation analyses were also performed to
evaluate the relationship and Pearson’s correlation coeffi-
cient between SGLS and the maximum intra-articular injec-
tion volume was -0.764 (P<0.001). The value between
SGLS and MR arthrographic features was 0.711 (P<0.001).
These results suggested SGLS to be inversely proportional to
the maximum injection volume and to be directly proportional
to the MR arthrographic features with a strong linear relation-
ship. The difference of the mean injected volume between the
SGLS-positive (22.0 ml; range 9-25 ml) and SGLS-negative
group (10.7 ml; range 3.5-15 ml) was significant (P<0.001)
(Fig. 4). Nine patients (13.4%; male 3; female 6; mean age
54.1) showed discordant results between MRA and dynamic
ultrasonography. Two patients showed SGLS-negative and
SGLS-positive features on MRA, and the other seven patients
showed SGLS-positive and SGLS-negative features on MRA.
The mean injection volume of all nine patients was decreased
to 10.5 ml (range 3.5-15 ml).

Discussion

Adhesive capsulitis is a common clinical problem with an
uncertain pathogenesis that causes gradual restriction of
movement and pain. The main pathological change of AC is
inflammation combined with a fibrotic reaction leading to
thickening, contraction, and subsequent adhesion of the syno-
vium and capsule [2, 3]. The most important factors to diag-
nose AC are history, clinical signs and symptoms of the
patient. However, because of the inaccuracy of the clinical
assessments, the patients with clinically suspicious AC often
need further image-based evaluation [17]. The conventional
shoulder arthrography had been a main imaging modality to
investigate AC and the arthrographic features of AC include a
small contracted joint capsule with a decreased joint capacity

Fig. 2 The dynamic ultrasonography and MR arthrography of a 63-year-
old woman showing complete gliding of the supraspinatus tendon (SSP)
where the downward tilting of the acromion was not demonstrated and
subacromial gliding limitation of the supraspinatus tendon (SGLS) was
grade 1 (a), thickened coracohumeral ligament (CHL) in rotator interval
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(arrow), synovitis-like abnormality around the axillary recess (arrowheads)
on sagittal oblique T1-weighted image (b), and discrete capsular thickening
of axillary recess (white arrows) measuring 7.2 mm on the humeral aspect
on an oblique coronal T2-weighted image (c¢). The measured maximum
injection volume of contrast medium was decreased at 6 ml
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Fig. 3 The dynamic ultrasonography and MR arthrography of a 52-
year-old woman showing incomplete gliding of the SSP, SGLS grade 3
(a), thickened CHL (white arrow) on a sagittal oblique T1-weighted

of less than 10-12 ml, a small contracted axillary recess, and
reduced filling of the biceps long head tendon sheath with
contrast medium [10]. Recently, several imaging investiga-
tions have been used to diagnose AC and many investigators
have reported on the MR and ultrasonographic features of AC
[5-7,11-14,20,21]. MRA features of AC include abnormally
enhancing soft tissue lesions in the rotator interval together
with enhancement of the joint capsule and periarticular soft
tissue in the region of the axillary recess. The additional
specific features of AC have been reported to be obliteration
of the subcoracoid fat triangle, thickening of the coracohum-
eral ligament and joint capsule, decreased axillary recess
volume, and thickening of the capsule and synovium at the
level of the axillary recess. The ultrasonographic features of
AC have been described as entrapped fluid within the biceps
long head tendon sheath, a combination of increased vascula-
ture and hypoechoic changes around the rotator interval, and

thickening of the coracohumeral ligament of more than 3 mm.

25.0+ EEEE

20.0+

15.0-| : —_

10.0+

5.0+

Intra-articular contrast injection volume

0.0
Megative Posl'rr.ive
Subacromial Gliding Limitation of Supraspinatus Tendon (SGLS)

Fig. 4 A box plot of intra-articular contrast injection volume and
subacromial gliding limitation of the supraspinatus tendon (SGLS).
The rectangle contains the values of the injection volume of the two
central quartiles (50% of the values) being the first and the fourth
quartiles represented by the upper and lower limit of the vertical line
and the median is the horizontal line in the rectangles

image (b), and thickened capsule of axillary recess (white arrows)
measuring 7.5 mm on the humeral aspect on an oblique coronal T2-
weighted image (¢). The injection volume was 5 ml

However, previous papers have focused on the morpholog-
ical changes with little attention to the identification of
decreased joint capacity, which might be more closely associ-
ated with the functional impairment associated with AC.
Although the indirect measurement of the axillary recess vol-
ume based on the height and width of the axillary recess was
suggested as a feature of decreased capacity of less than 10-
12 ml in a study using MRA, the results provided limited
information about the capacity of the whole joint [9]. In this
study, we found a strong linear relationship between SGLS and
MR arthrographic features, and SGLS is well correlated with
the decreased maximum injection volume. SGLS could predict
the decreased capacity of the shoulder joint, which is an
important feature of AC, and dynamic ultrasound could be a
useful diagnostic technique to evaluate AC. Nine patients
showed discordant results between MRA and dynamic ultra-
sound, but the mean injection volume of all nine patients was
decreased to 10.5 ml. According to this result, we could expect
the decreased maximum injection volume if the patient showed
positive findings on either of the MRA or dynamic ultrasonog-
raphy. The superiority between MRA and dynamic ultrasonog-
raphy could not be evaluated because of the small number of
patients. However, the seven SLGS-positive patients with a
negative result on MRA outnumbered the two SGLS-negative
patients with a positive result on MRA; thus, we presumed the
SGLSdU represented functional impairment more sensitively
than MRA. Compared with MRA, ultrasonography is less
costly, non-invasive, and capable of evaluating other common
shoulder diseases, and subsequent dynamic study is also useful
to verify functional impairment [16]. In this study, the ultra-
sonography findings correlated well with MR arthrographic
features indicating AC and it can predict decreased capacity of
the shoulder joint without any invasive measurement. The
superior impingement syndrome is also common cause of
functional impairment of shoulder movement and it is often
confused with AC in clinical assessment. However, it may be
present in the midrange of motion during active abduction and
resisted movements are painful and may be partially restricted,
whereas passive movements are full, albeit painful. However,
AC is characterised by global pain, along with restriction of all
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movements, both active and passive [17, 18]. Therefore,
dynamic ultrasonography during passive abduction could also
increase reliability to diagnose AC rather than impingement.

There are three major limitations of this study. First, the
determination of the maximum injection volume depended on
the subjective opinion of US performers. We think that a
quantitative method such as intra-articular manometry might
give more objective information about the joint capacity in
future studies. Second, we excluded patients with combined or
secondary AC. In this study, all patients with any other com-
mon shoulder problems, which are commonly combined with
AC, were excluded to reduce confounding factors, which
allowed us to focus on patients who we suspected of possess-
ing only AC. Therefore, in the patients having combined AC,
the significance of SGLS could not be determined, and so
further studies may be necessary. The final limitation of our
study was the large amount of injected contrast medium
(25 ml). This is not routine, and we did not perform a long-
term follow-up to determine if the patients had any sequelae.
However, no patient revealed the rupture of the joint capsule
or complained of any immediate discomfort. According to our
results, a general dose of 10-12 ml may be the lowest amount
needed to evaluate the maximum joint capacity [15]. We
suggest setting the maximum injection volume for MRA of
the shoulder joint at more than 15 ml in cases of non-specific
pain with motion limitation of the shoulder, since there were
patients who received 15 ml as the maximum injected volume
in the SGLS-positive group.

In conclusion, dynamic ultrasonography to assess SLGS
correlated well with the decreased maximum intra-articular
injected volume and MR arthrographic features.
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