
The glenohumeral joint is a synovium-lined joint.1) Patients 
with shoulder disease frequently have glenohumeral sy-
novitis, which produces a joint effusion. Hurt and Baker2) 
reported that calcific tendinitis is often associated with in-
flammatory conditions, such as synovitis or bursitis. Shin-

dle et al.3) suggested that increased synovial inflammation 
is correlated with the tear size of the supraspinatus tendon. 
They also described that reducing synovial inflammation 
may break the cycle and mitigate the progression of tears. 
Therefore, it seems important to detect the presence of sy-
novitis and assess the amount of joint effusion. 

Ultrasonography is a non-invasive, rapid and rela-
tively cost-effective imaging method which is used to 
assess a variety of shoulder diseases. Therefore, many 
surgeons use ultrasonography to detect various shoulder 
diseases in outpatient clinics, such as rotator cuff tear, cal-
cific tendinitis, and bursitis.4,5) Ultrasonography generally 
detects rotator cuff tears with a sensitivity and specificity 
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of up to 95%.6-8) However, it is still difficult to detect and 
quantify the joint effusion by ultrasonography due to the 
deep location of the glenohumeral joint. 

Many ultrasonographic methods have been in-
troduced to detect effusion of the glenohumeral joint. In 
1989, Koski9) introduced a new ultrasonographic method to 
detect intra-articular effusion in the glenohumeral joint by 
measuring the distance between the humerus and the joint 
capsule in the axillary ultrasonographic view. Luukkainen 
et al.10) used Koski’s method to detect intra-articular ef-
fusion of the glenohumeral joint in patients with rheu-
matoid arthritis, and emphasized that ultrasonography is 
necessary for the accurate diagnosis of glenohumeral joint 
effusion. Sanja and Mirjana11) evaluated glenohumeral 
joint effusion using a different method; they measured the 
distance between the joint capsule and the inferior mar-
gin of the infraspinatus tendon, and values above 2 mm 
were considered to be positive signs. They detected gle-
nohumeral joint effusion in 28.6% of rheumatoid arthritis 
patients by this method. However, they could only detect 
the presence of glenohumeral joint effusion itself, and 
did not quantify the amount of effusion. Zubler et al.12) 
reported that glenohumeral joint effusion can be detected 
and quantified most reliably in the posterior glenohumeral 
joint recess, with the arm in external rotation. However, 
these ultrasonographic methods are difficult to perform 
and sometimes require expert skills, and there is interob-
server bias as well. Zubler et al.12) also reported an easier 
method that involved measuring the width of the biceps 
tendon sheath for evaluating joint effusion. However, in 
their study, they simply checked the change in the width of 
the biceps tendon sheath after an injection of fluid into the 
glenohumeral joint. 

We hypothesized that the effusion within the biceps 
long head tendon (BLHT) sheath would be related with 
variable shoulder diseases, and that there is a close rela-
tionship between the amount of effusion within the BLHT 
sheath and the functional outcome of shoulder. The pur-
pose of the present study is to detect the effusion within the 
BLHT sheath using ultrasonography and to evaluate the 
clinical meaning of the effusion within the BLHT sheath. 

METHODS

Patient Population
A consecutive series of 569 patients with shoulder pain who 
underwent ultrasonography between December 2008 and 
January 2010 were included retrospectively. A single or-
thopaedic surgeon performed ultrasonographic examina-
tion in cases where the authors suspected specific shoulder 

diseases on plain radiograph and physical examinations, 
such as rotator cuff tear, frozen shoulder, calcific tendini-
tis, or biceps tendinitis. The inclusion criterion was any 
condition with a painful shoulders that underwent ultra-
sonographic examination. The exclusion criteria were as 
follows: patients under 18 years of age, a history of fracture 
and shoulder surgery, a history of intra-articular injection 
before ultrasonographic examination, and biceps deforma-
tion including partially or completely ruptured BLHT.

Ultimately, there were 303 patients available for the 
present study. The patients’ average age was 57.22 years 
(range, 26 to 88 years). Men comprised 37.95% (n = 115) 
of the patients studied, whereas women comprised 62.05% 
(n = 188). All patients underwent ultrasonographic exami-
nations before they received any treatment of the affected 
shoulder.

For the diagnosis of rotator cuff tear, the authors first 
used ultrasonography and then confirmed the final diag-
nosis by magnetic resonance imaging (MRI). On ultraso-
nographic examination, a hyper-echogenic signal change 
or focal decrease in the thickness of the tendon was con-
sidered to be a partial-thickness rotator cuff tear, and a 
hyper-echogenic gap in the tendon substance with retrac-
tion was considered to be a full-thickness rotator cuff tear. 
All patients who demonstrated these ultrasonographic 
findings underwent MRI to confirm the final diagnosis. 
For the diagnosis of calcific tendinitis, the authors made 
the diagnosis by plain radiograph. On standard antero-
posterior radiographs, radio-opaque lesions visible in the 
rotator cuff area were considered to be calcific tendinitis. 
Furthermore, the authors checked the rotator cuff integrity 
on ultrasonography to rule out rotator cuff tearing. The 
authors considered the diagnosis of biceps tendinitis in 
patients with point tenderness in the bicipital groove and 
positive findings on Speed’s test. Furthermore, the authors 
performed MRI in these patients to confirm biceps tendi-
nitis and to rule out other pathologic conditions, including 
rotator cuff tear. On MRI, biceps tendinitis demonstrated 
a signal change within the tendon or an irregular margin 
and a change in the diameter of the tendon. 

Adhesive capsulitis is well known to be character-
ized by a functional restriction of both active and passive 
shoulder motions, and the radiographs of the glenohumer-
al joint in this condition are essentially unremarkable.13) 
However, there is no confirmed definition of the degree 
of shoulder motion restriction. In the present study, the 
authors defined shoulder stiffness as forward flexion that 
was less than 120° on passive motion, or external rotation 
with the arm at the side of less than 30° on passive mo-
tion, or internal rotation at the back that was lower than 
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the third lumbar vertebral level passively.14) The authors 
performed ultrasonography and MRI on all patients with 
adhesive capsulitis to rule out combined shoulder lesions. 
If shoulder stiffness was combined with other lesions, it 
was categorized as part of the main shoulder disease, and 
not as adhesive capsulitis; for example, a rotator cuff tear 
with stiffness was considered part of the rotator cuff tear 
group, and not as part of the adhesive capsulitis group. 

Ultrasonography Assessment
Ultrasonographic examination was performed by a single 
orthopaedic surgeon experienced in ultrasonography and 
blinded to the clinical test. A Philips HD11 XE ultrasound 
machine (Amsterdam, The Netherlands) was used with a 
high-frequency 12 to 5 MHz linear-array transducer. 

The patients were seated in the upright position 
with the arm in the neutral position, the elbow flexed to 
90° and the palm face up. The ultrasonographic transducer 
was placed in the short axis of the BLHT at about 1 cm in-
ferior to the coracoid process. The BLHT was scanned in 
the short axis. If low-echogenic fluid was detected around 
the BLHT in the short axis view, the authors considered 
that there would be an appreciably sized glenohumeral 
joint effusion present. We measured the amount of effu-
sion within the BLHT sheath as the length of effusion in 
the short axis view, that is, the longest distance from the 
sheath to the tendon margin was evaluated (Fig. 1). Zubler 
et al.12) reported that in their ultrasonographic study, the 
fluid collection in the BLHT sheath was 0.6 mm and that 
it increased to more than 0.9 mm after an injection of 8 

to 12 mL fluid into the glenohumeral joint. Therefore, we 
considered shoulders showing an effusion of more than 0.9 
mm to indicate effusion within the BLHT sheath. 

Clinical Evaluation
The clinical data and functional scores were checked at the 
same time of the ultrasonographic examination by another 
single orthopaedic surgeon. The clinical data were assessed 
by the visual analogue scale (VAS) for pain and the passive 
range of motion of the affected shoulder: forward flexion 
with fixed scapular motion, external rotation in 90° abduc-
tion, external rotation at the side, and internal rotation at 
the back. The VAS for pain ranged from 0 to 10, with 10 
being the worst pain. The passive range of motion was 
measured with a full-circle manual goniometer for forward 
flexion and external rotation. The internal rotation level 
was checked by an indirect method, where the hand was 
passively placed behind the back and the vertebral level that 
was reached by the tip of the extended thumb was recorded. 
For easy statistical analysis, we converted the internal rota-
tion levels into contiguously numbered groups: 0 for sacral 
level, 1 to 5 for L5 to L1, and 6 to 12 for T12 to T6. 

The functional scores, including the American 
Shoulder and Elbow Surgery (ASES) score, Simple Shoul-
der Test (SST) score and the Korean Shoulder Score (KSS) 
were also evaluated at the time of the ultrasonographic 
examination. The study protocol was approved by the In-
stitutional Review Board of Seoul St. Mary’s Hospital, Col-
lege of Medicine, The Catholic University of Korea (Study 
No. KC13RISI0356). 

Statistical Analysis
All statistical analyses were performed using the IBM SPSS 
ver. 22.0 (IBM Co., Armonk, NY, USA), and p-value < 
0.05 was considered statistically significant. The one-way 
analysis of variance and Student t-test were performed to 
determine the difference in the amount of effusion within 
the BLHT sheath between the diseases. Pearson correla-
tion coefficients (PCC) were calculated to determine the 
correlation between the amount of the effusion within the 
BLHT sheath and the functional outcome. 

RESULTS

Clinical Data
There were 157 shoulders with rotator cuff tear, 104 shoul-
ders with adhesive capsulitis, 39 shoulders with calcific 
tendinitis, and three shoulders with biceps tendinitis. All 
patients with calcific tendinitis showed no combined rota-
tor cuff tear, and rotator cuff tear combined with small 

LT GT

Fig. 1. Effusion within the biceps long head tendon sheath. The longest 
distance from the sheath to the tendon margin of the long head biceps 
tendon (arrow) was measured as the amount of the effusion within the 
biceps long head tendon sheath. GT: greater tubercle, LT: lesser tubercle. 
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calcification less than 2 mm were categorized to rotator cuff 
tear group. All shoulders with biceps tendinitis showed sig-
nal changes with the fraying of the biceps tendon on MRI. 

The average of the VAS for pain was found to be 
4.8 ± 2.7 in the rotator cuff tear group, 5.3 ± 2.9 in the ad-
hesive capsulitis group, 4.7 ± 2.8 in the calcific tendinitis 
group, and 4.5 in the biceps tendinitis group. The overall 
results for the ASES score were 58.5 points in the rota-
tor cuff tear group, 58.8 points in the adhesive capsulitis 
group, 58.1 points in the calcific tendinitis group, and 53.3 
points in the biceps tendinitis group. For the SST score, the 
results were as follows: 58.0 points in the rotator cuff tear 
group, 45.6 points in the adhesive capsulitis group, 51.9 
points in the calcific tendinitis group, and 58.3 points in 
the biceps tendinitis group. For the KSS score, the results 
were as follows: 42.4 points in the rotator cuff tear group, 
40.8 points in the adhesive capsulitis group, 41.8 points in 
the calcific tendinitis group, and 41.0 points in the biceps 
tendinitis group.

Ultrasonographic Data
Effusion within the BLHT sheath was detected in 58.42% 
(n = 178) of the patients in this study: 69.23% (n = 72) 
of patients with adhesive capsulitis, 56.69% (n = 89) of 
patients with rotator cuff tear, 41.03% (n = 16) of patients 
with calcific tendinitis, and 33.33% (n = 1) of patients with 
biceps tendinitis (Fig. 2). 

The average amount of the effusion within the BLHT 
sheath was 1.7 ± 1.6 mm: 2.0 ± 1.6 mm in patients with 
adhesive capsulitis, 1.6 ± 1.6 mm in patients with rotator 
cuff tear, 1.2 ± 1.6 mm in patients with calcific tendinitis, 
and 1.1 ± 1.8 mm in patients with biceps tendinitis. The 

amount of the effusion within the BLHT sheath in patients 
with adhesive capsulitis was significantly larger than that 
in patients with calcific tendinitis (p = 0.03). However, 
there were no statistically significant differences between 
the other shoulder diseases (Fig. 3). The correlation coef-
ficient of the intraobserver reliability was 0.80 (p < 0.05).

Correlation between the Amount of Effusion within the 
Biceps Long Head Tendon Sheath and Range of Motion 
and Functional Outcome
The amount of the effusion within the BLHT sheath over-
all had a negative correlation with the range of motion in 
all patients: forward flexion (PCC = –0.491; p < 0.05), ex-
ternal rotation in 90° abduction (PCC = –0.381; p < 0.05), 
external rotation at the side (PCC = –0.356; p < 0.05), and 
internal rotation (PCC = –0.486; p < 0.05). In patients with 
adhesive capsulitis, PCC was –0.349 with forward flexion 
(p < 0.05), –0.310 with external rotation in 90° abduction (p 
< 0.05), –0.280 with external rotation at the side (p < 0.05), 
and –0.385 with internal rotation (p < 0.05). In patients 
with rotator cuff tear, the PCC was –0.509 with forward 
flexion (p < 0.05), –0.379 with external rotation at 90° 
abduction (p < 0.05), –0.364 with external rotation at the 
side (p < 0.05), and –0.506 with internal rotation (p < 0.05). 
In patients with calcific tendinitis, PCC was –0.769 with 
forward flexion (p < 0.05), –0.456 with external rotation in 
90° abduction (p < 0.05), –0.432 with external rotation at 
the side (p < 0.05), and –0.537 with internal rotation (p < 
0.05) (Table 1). 

The amount of the effusion within the BLHT sheath 
had a negative correlation with the functional score in 
each disease group. However, the correlation coefficients 
were relatively low: in patients with adhesive capsulitis, 

Fig. 2. The incidence of effusion within the biceps long head tendon 
sheath in each type of shoulder disease.

Fig. 3. The amount of effusion within the biceps long head tendon sheath 
in each type of shoulder disease.
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ASES PCC = –0.311 (p < 0.05), SST PCC = –0.268 (p < 
0.05), and KSS PCC = –0.342 (p < 0.05); in patients with 
rotator cuff tear, ASES PCC = –0.449 (p < 0.05), SST PCC 
= –0.402 (p < 0.05), and KSS PCC = –0.380 (p < 0.05); and 
in patients with calcific tendinitis, ASES PCC = –0.400 
(p < 0.05), SST PCC = –0.275 (p < 0.05), and KSS PCC = 
–0.343 (p < 0.05). Furthermore, the VAS for pain showed a 
weak positive correlation with the amount of the effusion 
within the BLHT sheath in each shoulder disease: adhesive 
capsulitis PCC = 0.109 (p < 0.05), rotator cuff tear PCC = 
0.183 (p < 0.05), and calcific tendinitis PCC = 0.188 (p < 
0.05) (Table 2). 

DISCUSSION

The effusion within the BLHT sheath was detected in 

58.42% of all patients and the average amount was 1.7 ± 1.6 
mm in all patients of the present study. Among them, pa-
tients with adhesive capsulitis showed effusion within the 
BLHT sheath most frequently, and the average amount of 
that group was larger than that of the other shoulder dis-
eases. Because the effusion within the BLHT sheath looks 
like a fried egg, the authors newly deemed it as the “fried 
egg sign.” The amount of effusion within the BLHT sheath 
showed a negative correlation with the range of motion 
and functional scores in each group. In particular, the for-
ward flexion and internal rotation levels were most closely 
correlated with the amount of effusion within the BLHT 
sheath in each group. 

The glenohumeral joint cavity communicates with 
the BLHT sheath; thus, profuse effusion of the glenohu-
meral joint may lead to an increase in the effusion within 
the tendon sheath. Zubler et al.12) reported that in their 
ultrasonographic study, the width of the anechoic fluid 
collection in the BLHT sheath was increased after 8 to 
12 mL of fluid was injected into the glenohumeral joint 
in most cases. These findings suggest that the amount of 
hypoechogenic fluid in the BLHT sheath may represent 
the ratio of the amount of glenohumeral joint effusion to 

Table 1. Correlations between the Amount of Effusion within the 
Biceps Long Head Tendon Sheath and Range of Motion

 Variable
Pearson  

correlation 
coefficient

p-value

All shoulder

    Forward flexion –0.491 < 0.05

    External rotation with 90° abduction –0.381 < 0.05

    External rotation at the side –0.356 < 0.05

    Internal rotation –0.486 < 0.05

Adhesive capsulitis

    Forward flexion –0.349 < 0.05

    External rotation with 90° abduction –0.310 < 0.05

    External rotation at the side –0.280 < 0.05

    Internal rotation –0.385 < 0.05

Rotator cuff tear

    Forward flexion –0.509 < 0.05

    External rotation with 90° abduction –0.379 < 0.05

    External rotation at the side –0.364 < 0.05

    Internal rotation –0.506 < 0.05

Calcific tendinitis

    Forward flexion –0.769 < 0.05

    External rotation with 90° abduction –0.456 <0.05

    External rotation at the side –0.432 < 0.05

    Internal rotation –0.537 < 0.05

Table 2. Correlations between the Amount of Effusion within the 
Biceps Long Head Tendon Sheath and Functional Score

Variable
Pearson 

correlation 
coefficient

p-value

Adhesive capsulitis

    American Shoulder and Elbow Surgery –0.311 < 0.05

    Simple Shoulder Test –0.268 < 0.05

    Korean Shoulder Score –0.342 < 0.05

    Visual analogue scale 0.109 < 0.05

Rotator cuff tear

    American Shoulder and Elbow Surgery –0.449 < 0.05

    Simple Shoulder Test –0.402 < 0.05

    Korean Shoulder Score –0.380 < 0.05

    Visual analogue scale 0.183 < 0.05

Calcific tendinitis

    American Shoulder and Elbow Surgery –0.400 < 0.05

    Simple Shoulder Test –0.275 < 0.05

    Korean Shoulder Score –0.343 < 0.05

    Visual analogue scale 0.188 < 0.05
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the volume of the glenohumeral joint cavity. In the other 
words, effusion in the BLHT sheath can represent synovi-
tis and capsultis. However, Zubler et al.12) did not evaluate 
the correlation between the effusion within the BLHT 
sheath and clinical outcomes, they suggested that the ef-
fusion within the BLHT sheath might represent glenohu-
meral joint effusion. 

In the present study, the effusion within the BLHT 
sheath was more frequently observed in adhesive cap-
sulitis and the amount of effusion within BLHT sheath 
showed a negative correlation with the range of motion. 
Joint shrinkage is generally observed in shoulders with 
adhesive capsulitis. In adhesive capsulitis, the axillary fold 
is contracted, and that reduces the joint volume to below 
15 mL.15) Furthermore, joint shrinkage might push the 
joint fluid to another space, the BLHT sheath. Therefore, 
the more the joint shrinks, the more joint fluid is collected 
in the BLHT sheath. The results of the present study cor-
respond well with this hypothesis. 

The amount of effusion within the BLHT sheath 
showed a higher correlation with the range of motion than 
with the variable functional score or shoulder pain. The 
effusion within the BLHT sheath was thought to be re-
lated to the status of synovitis or capsulitis. Several studies 
with synovial or capsular biopsy specimens from patients 
with adhesive capsulitis have demonstrated that variable 
proinflammatory cytokines and neovascularizations are 
involved in synovial hyperplasia and capsular fibrosis.16,17) 
Adhesive capsulitis, initially described by Neviaser,18) is 
thought to be a combination of synovial inflammation 
and capsular fibrosis.15) Thus, the limitation of the range 
of motion is thought to be closely correlated with joint sy-
novitis, and in the present study, the range of motion was 
also closely correlated with the amount of effusion within 
the BLHT sheath. Therefore, in adhesive capsulitis, com-
bined synovitis and capsulitis can lead to increased joint 
effusion and joint cavity shrinkage, and these conditions 
might produce the appearance of the effusion within the 
BLHT sheath in shoulders with adhesive capsulitis. Func-
tional scores and shoulder pain are mainly affected by the 
severity of each disease; however, in this study, we aimed 
to evaluate the clinical meaning of the effusion within the 
BLHT sheath, something we frequently encountered dur-
ing ultrasonographic examinations.

Effusion within the BLHT sheath was detected in 
56.69% of patients with rotator cuff tear. Several studies 
showed that low- to mild-grade synovial inflammation is 
present in shoulders with rotator cuff tears.3,19,20) The ex-
pression levels of interleukin 1-beta and several degrada-
tive enzymes were highly upregulated in the synovium of 

patients with rotator cuff lesions, and these findings sug-
gest that chronic synovitis is associated with rotator cuff 
tears.19) Therefore, chronic synovitis combined with rota-
tor cuff tears might lead to an increase in joint effusion, 
and these findings would be detected as effusion within 
the BLHT sheath. 

In calcific tendinitis, there was a stronger correla-
tion between the amount of effusion within the BLHT 
sheath and range of motion than in rotator cuff tears. 
Calcific tendinitis can be divided into three distinct stages: 
precalcific, calcific, and postcalcific.21) Among these stages, 
the postcalcific stage usually shows milky or creamy cal-
cific deposits which frequently induce acute sharp pain, 
combined with acute synovitis or bursitis. Thus, acute 
synovitis in calcific tendinitis might induce increased joint 
effusion and severely painful limited range of motion. This 
may be the reason for the stronger correlation between the 
amount of effusion within the BLHT sheath and the range 
of motion in calcific tendinitis.

Several studies have suggested that a fluid collection 
in the biceps tendon sheath may be induced by biceps ten-
dinitis.22,23) In the present study, only three patients had bi-
ceps tendinitis, and among them, only one patient showed 
effusion within the BLHT sheath. We had only three cases 
of biceps tendinitis, because our categorization, exclusion 
criteria, and low incidence of ultrasonographic examina-
tion in isolated biceps lesions. Because of low sample size 
of biceps lesions in the present study, the authors could 
not evaluate this lesion to a statistical degree. However, it 
is believed that the fluid collection in the biceps tendon 
sheath may be influenced by joint effusion, rather than by 
the condition of the local bicep.

There are some limitations in the present study. 
First, this was a retrospective time-zero study. Although, 
the final diagnosis was confirmed at the last follow-up, 
the authors did not trace the patients’ symptoms and 
functional outcomes after the ultrasonographic examina-
tion. Furthermore, because patients underwent different 
treatments according to their individual diagnosis, the 
correlation between the effusion within the BLHT sheath 
and disease prognosis could not be evaluated. Second, in 
the present study, if shoulder stiffness was combined with 
another shoulder disease, it was categorized as the main 
shoulder disease, and not as adhesive capsulitis. We simply 
categorized the rotator cuff tear patients with stiffness into 
the rotator cuff tear group, for example. However, it is well 
known that there are many differences between rotator 
cuff tear with stiffness and rotator cuff tear without stiff-
ness, including symptoms and treatment. Third, there was 
no control group. We did not evaluate normal shoulders 
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as control group. Because, there would be asymptomatic 
effusion within BLHT sheath, the percentage of ‘fried egg 
sign’ in each disease and conclusion of the present study 
might be different if the results were compared with con-
trol group. Lastly, we evaluated the effusion within the 
BLHT sheath using ultrasonography, so a bias might occur 
according to direction and location of ultrasonographic 
transducer (the intraobserver reliability was 0.80). The 
location and thickness of the biceps tendon within the 
BLHT sheath also could provide a bias. To reduce the vari-
ance, the examiner tried to locate the transducer at the 
same location in the same shoulder position and shoulders 
with biceps deformation, especially with biceps tendinitis 

or biceps tear, were excluded in the present study. 
In conclusion, the effusion within the BLHT sheath 

is closely related to the range of motion and clinical scores 
in patients with painful shoulders. The ultrasonographic 
detection of the effusion within the BLHT sheath might 
be useful to evaluate shoulder functions. However, further 
studies are required to understand the correlation between 
the effusion within the BLHT sheath and disease prognosis. 
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