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Abstract

Objective: To evaluate the correlations between subacromial bursitis (bursal thickening and effusion) on ultrasonography and its response to

subacromial corticosteroid injection in patients with rotator cuff disease.

Design: Prospective, longitudinal comparison study.

Setting: University-affiliated tertiary care hospital.

Participants: Patients with rotator cuff disease (NZ69) were classified into 3 groups based on ultrasonographic findings; (1) normative bursa

group (group 1, nZ23): bursa and effusion thickness <1mm; (2) bursa thickening group (group 2, nZ22): bursa thickness >2mm and effusion

thickness <1mm; and (3) bursa effusion group (group 3, nZ24): bursa thickness <1mm and effusion thickness >2mm.

Intervention: A single subacromial injection with 20mg of triamcinolone acetonide.

Main Outcome Measures: Visual analog scale (VAS) of shoulder pain, Shoulder Disability Questionnaire (SDQ), angles of active shoulder range

of motion (flexion, abduction, external rotation, and internal rotation), and bursa and effusion thickness at pre- and posttreatment at week 8.

Results: There were no significant differences between the 3 groups in demographic characteristics pretreatment. Groups 2 and 3 showed a

significant difference compared with group 1 in changes on the VAS and abduction; group 3 showed a significant difference compared with group

1 in changes of the SDQ, internal rotation, and external rotation; and all groups showed significant differences when compared with each other

(groups 1 and 3, 2 and 3, and 1 and 2) in changes of thickness.

Conclusions: A patient with ultrasonographic observation of subacromial bursitis, instead of normative bursa, can expect better outcome with

subacromial corticosteroid injection. Therefore, we recommend a careful selection of patients using ultrasonography prior to injection.
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Rotator cuff disease is a common cause of shoulder pain and
disability in the upper extremity. Many nonoperative treatments
have been advocated, including rest, physical therapy, nonsteroidal
anti-inflammatory drugs, exercise, and subacromial corticosteroid
injection.1,2 Subacromial corticosteroid injection still remains one
of the most common procedures for treating rotator cuff disease
among practicing orthopedists, rheumatologists, and general
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practitioners. Previous studies of subacromial corticosteroid in-
jections for rotator cuff disease have reported conflicting results
ranging from no effect to dramatic improvements, in part because of
differences in the patient selection criteria.3-6 The appropriate in-
dications for use of subacromial corticosteroid injections, including
for rotator cuff disease, remain controversial.7 Some advocate
limiting subacromial corticosteroid injections to treatment of in-
flammatory conditions (eg, impingement syndrome, subacromial
bursitis) rather than chronic rotator cuff tendinosis or tear
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originating from degenerative changes.7-9 For example, one study
of patients with chronic rotator cuff disease lasting �6 months
found no difference in outcomes between subacromial corticoste-
roid injections and placebo.10 However, other studies have found
that subacromial corticosteroid injections can be effective even for
patients with symptoms lasting >6 months.5,11,12

Given the disparate results of prior studies of subacromial
corticosteroid injections for chronic rotator cuff disease, the
objective of this study is to determine if patients with chronic rotator
cuff disease who have evidence of inflammation of the subacromial
bursa respond more to corticosteroid injections than people without
inflammatory changes. We hypothesized that patients with ultra-
sound findings of subacromial bursal thickening and effusion
indicative of an inflammatory process around the rotator cuff will
have better outcomes after subacromial corticosteroid injections
than people without bursal thickening and effusions.
Methods

Participants

This is a prospective, longitudinal comparison study. The study
was approved by the institutional review board at the university
hospital, and all participants gave written informed consent. Par-
ticipants were diagnosed with nontraumatic rotator cuff disease in
the outpatient rehabilitation clinic of the university-affiliated ter-
tiary care hospital between October 2010 and June 2011. All
patients underwent a standardized history and physical examina-
tion by the lead author, including passive and active range of
motion, painful arc and impingement test, resisted test, and
strength of muscles in the affected shoulder.

Inclusion criteria were patients (1) with clinically and
ultrasonographically diagnosed rotator cuff disease of the
shoulderdimpingement, tendinosis, and small-sized (<2mm in
maximal length) partial-thickness tear; (2) aged 35 to 60 years;
(3) who reported shoulder pain of 5 to 10months’ duration involving
the deltoid region; (4) with unilateral shoulder symptoms; (5) with
pain of moderate to severe intensity, defined as a score of �4 on a
10-cm visual analog scale (VAS) rated from 0 (no pain) to 10 (worst
imaginable pain); and (6) with persisting pain despite at least 1
month of noninvasive and conservative treatments. Exclusion criteria
were (1) larger-sized partial- (size>2mm) or full-thickness tear; (2)
current adhesive capsulitis (normative radiograph of affected
shoulder and restriction of passive motion >30� in �2 planes of
movement)13; (3) calcification of the rotator cuff, demonstrated by
simple radiography or ultrasonography; (4) identification of only the
disorders of biceps tendon or acromioclavicular joint, and not rotator
cuff disease, by positive Yergason and Speed tests, respectively, with
focal tenderness on bicipital groove or acromioclavicular joint14,15;
(5) presence of another medical or psychological condition,
including cancer, rheumatoid arthritis, endocrine disease (ie, dia-
betes), major depression, or schizophrenia; (6) previous major
trauma history at currently affected shoulder; (7) primary osteoar-
thritis of the glenohumeral joint in a simple radiograph; (8) previous
corticosteroid injection history at the affected shoulder; and (9) those
with workers’ compensation benefits.
List of abbreviations:

SDQ Shoulder Disability Questionnaire

VAS visual analog scale
A schematic flow of the study is included in figure 1. A total of
75 patients were recruited after a screening evaluation. Patients were
assigned to 1 of 3 groups according to ultrasonographic findings.

Sample size

The required sample size was determined on the basis of a pre-
vious study of patients with rotator cuff disease who received
subacromial corticosteroid injection with a follow-up of 8
weeks.16 A power analysis programa was used to calculate the
number of participants required.17 Using the means of the VAS
from the study groups, we obtained a minimal sample size of 72,
with an a of .05, 1eb of .95, and SD of 2.3. A total of 75 par-
ticipants were required to allow for 5% loss to follow-up. At the
final analysis, 69 instead of 75 participants were included, and
analysis power (1eb) was .88.

Ultrasonographic evaluation

Ultrasonography was performed by a musculoskeletal radiologist
(K.-S.K.) with 12 years of experience. Ultrasound equipmentb

with a 10- to 13-MHz linear array transducer was used. Previ-
ously published studies were referenced to make final decisions on
imaging interpretations.18-21 Long- and short-axis scans from the
rotator cuff, subacromial bursa, and biceps tendon were obtained.
The biceps tendon, subscapularis tendon, and acromioclavicular
joint were examined while the patient sat with his/her arm held in
a neutral position and elbow flexed 90�. Supraspinatus tendon and
subacromial bursa were evaluated in a modified Crass position. An
ultrasonographic examination of the opposite side was performed
routinely in all patients. We calculated the subacromial bursa
thickness from the superficial peribursal fibrofatty tissue to the
upper margin of the supraspinatus.22 Abnormal bursal thickening
was defined as thickness of >2mm.18 Subacromial bursal effusion
was defined as hypoechogenic fluid in bursa >2mm.16,20 We
selected the thickest measurement from the subacromial bursal
thickening and effusion in transverse or longitudinal planes of the
area scanned. Subacromial impingement was defined as pooling of
subacromial bursa lateral to the acromion by dynamic examina-
tion.19 Following previous studies, we classified patients into 3
groups: (1) normative bursa group (group 1): bursa and effusion
thickness <1mm, (2) bursa thickening group (group 2): bursa
thickness >2mm and effusion thickness <1mm, and (3) bursa
effusion group (group 3): bursa thickness <1mm and effusion
thickness >2mm.

Subacromial corticosteroid injection

After the physical and ultrasound examination, the physiatrist
(S.-H.Y.) injected a mixture of 20mg (10mg/mL) triamcinolone
acetonide 2mL and 1% lidocaine 2mL. For a better visualization
of the bursa, an ample amount of gel was used during the injection
to minimize the pressure from the probe. Patients sat upright, arms
positioned behind their backs with extension and internal rotation
of the shoulder and elbow bent for longitudinal supraspinatus
view. A 23-gauge, 6-cm-long needle was injected parallel to the
probe in a semi-oblique plane from the posterior side of the
shoulder. The needle was administered under real-time ultrasound
equipmentc until the needle tip entered the bursa. Patients had to
stay at the hospital for >20 minutes after the injection for any
signs of acute adverse reactions, including local bleeding, weak-
ness, anaphylaxis, and vasovagal reaction. Late adverse reactions,
www.archives-pmr.org
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Fig 1 Flow diagram indicating progress of subjects through the study.
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including a postinjection flare of pain, disturbance of menstrual
pattern, facial flushing, subcutaneous tissue atrophy, skin depig-
mentation, infection, and tendon rupture, were also checked at
week 8 follow-up. After the injection, all participants received
verbal and written education from the physical therapist on a
home exercise program that included flexibility and strengthening
exercises of the shoulder girdle and rotator cuff. Patients on an-
algesics at pretreatment were told to stop taking them 5 days
before the injection. After the injection, they were instructed not
to take any oral pain medications, with the exception of acet-
aminophen, and were prohibited from receiving any treatments
other than the prescribed exercise program.

Outcome measurements

Participants were assessed at pretreatment and week 8 after the
injection by an evaluator (J.Y.H.) not informed of ultrasono-
graphic findings. The primary outcome measure was VAS for
shoulder pain intensity. Patients answered the question “with
respect to the worst pain you have experienced in your life, what
was the average level of your shoulder pain in the past 1 week?”
by placing a mark somewhere along the 10-cm horizontal line
between 2 end points (from 0 [no pain] to 10 [worst imaginable
pain]). The secondary outcome measures were the Shoulder
Disability Questionnaire (SDQ) and active range of motion of the
shoulder. The SDQ score is commonly used in clinical trials to
evaluate shoulder disability, has proven levels of validity, and
consists of 22 self-reporting items that participants respond to with
either yes or no. The SDQ has demonstrated strong associations
with quality of life measures and compares favorably with other
published shoulder disability questionnaires in terms of overall
validity and patient acceptability. The score ranges between 0 (no
disability) and 22 (maximal disability).23,24 Active range of mo-
tion was measured by a goniometer for flexion, abduction,
external rotation, and internal rotation of the shoulder in a
standing position. Patients were asked to move their shoulders
slowly, and the angle on onset of pain was measured 3 times to
www.archives-pmr.org
record the average value. Forward flexion and abduction were
measured with palm down, and external and internal rotations
were measured with 90� abduction of shoulder and 90� flexion of
elbow position.
Statistical analysis

After a normality test, we compared the 3 groups in terms of age,
sex, duration of symptoms, affected shoulder, and ultrasono-
graphic findings of rotator cuff lesion by performing Kruskal-
Wallis, chi-square, and Fisher exact tests. Analysis of variance and
independent t test were carried out to compare the bursa and
effusion thickness between unaffected shoulders, and between the
affected and unaffected shoulders. We also performed analysis of
covariance with the Bonferroni method to compare the changes in
outcomes between the 3 groups. Covariates were VAS score, SDQ
score, flexion, abduction, external rotation, internal rotation, and
bursa and effusion thickness at week 0. Significance was accepted
for P values <.05. All analyses were performed using SPSS sta-
tistical software, version 22.d
Results

Of the 75 patients recruited, 2 in group 1, 1 in group 2, and 1 in
group 3 failed to attend the follow-up. Two other patients in group
2 not satisfied with the injection opted out and received other
treatments (one patient received arthroscopic acromioplasty and
the other received acupuncture). A total of 69 patients were
included in the final analysis (see fig 1). There were no significant
differences between the 3 groups in terms of age, sex, duration of
symptoms, affected shoulder, and ultrasonographic findings of
rotator cuff lesion at pretreatment (P>.05) (table 1).

The ultrasonographic examination performed on the unaffected
shoulder showed 6 patients (8.7% in total; group 1: nZ1, group 2:
nZ3, and group 3: nZ2) having abnormal bursal thickening and
effusion, and there was no significant difference in the average
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Table 1 Baseline characteristics of participants

Characteristics Group 1 (nZ23) Group 2 (nZ22) Group 3 (nZ24) P

Age, y 51.6�8.6 48.6�8.1 51.2�9.3 .59*

Sex, men:women 10:13 5:17 8:16 .34y

Duration of symptom, mo 8.1�2.1 8.2�1.9 8.3�1.7 .93*

Shoulder affected,

dominant:nondominant

16:7 16:6 13:11 .36y

Ultrasonographic lesions of

rotator cuff

Tendinosis only:partial

thickness tear

18:5 14:8 21:3 .16y

Impingementz 2 2 5 .48x

Biceps tendinosisz 5 3 6 .66x

NOTE. Values are expressed as number of participants, mean � SD, or as otherwise indicated.

* Kruskal-Wallis test for 3-group comparison (P<.05).
y Chi-square test for 3-group comparison (P<.05).
z Impingement and biceps tendinosis counts duplicated with tendinosis or partial thickness tear counts.
x Fisher exact test for 3-group comparison (P<.05).

884 D.-H. Lee et al
bursa and effusion thickness among the 3 groups (PZ.368).
Although no difference was found in the average bursa and
effusion thickness between the affected and unaffected shoulders
before the injection in group 1 (0.5�0.3 and 0.5�0.5, respec-
tively; PZ.922), a significant difference was found in group 2
(3.0�0.6 and 0.6�0.9, respectively; P<.001) and group 3
(3.8�0.7 and 0.8�0.8, respectively; P<.001).

As for lesions concomitantly found with rotator cuff disease,
14 had biceps tendinopathy (20.3% in total; nZ5, nZ3, and
nZ6 in groups 1, 2, and 3, respectively) and 6 had acromiocla-
vicular joint injury (8.7%; nZ0, nZ4, and nZ2 in groups 1, 2,
and 3, respectively). No participants were found to have both
lesions. No single lesion of subscapularis was involved.
Comparing the changes of outcomes between pretreatment and
week 8, there were significant differences between group 1 and
groups 2 and 3 in changes of VAS (P<.001) and abduction
(PZ.002); between groups 1 and 3 in changes of SDQ (PZ.039),
internal rotation (PZ.004), and external rotation (PZ.008); and
between all 3 groups (1 vs 2 vs 3) in changes of thickness
(P<.001) (table 2).
Discussion

Subacromial corticosteroid injection is one of the most common
treatments for rotator cuff disease, but there are currently not
enough guidelines on its indications because of the paucity of
research. Based on this study, we suggest more objective criteria
of subacromial corticosteroid injection for rotator cuff disease. We
assessed the relation between the inflammatory state of the sub-
acromial bursa and the effect of subacromial corticosteroid in-
jection in rotator cuff disease. Inflammation of the rotator cuff is
shown on ultrasonography as subacromial bursitis (bursal thick-
ening and effusion), and the effect of corticosteroid appears to be
greater in patients with subacromial bursitis than normative bursa.
Patients found to have subacromial bursitis on ultrasonography
prior to corticosteroid injection can expect positive improvements
in pain and range of motion.

Although different studies have reported varying ratios (6%e
78%) of patients having bursitis even in asymptomatic shoulders
(8.7% in this study),19,25 most authors agree that there is a close
relation between the symptoms originating from rotator cuff dis-
ease and bursitis. The bursa in the symptomatic shoulder is thicker
than that of the asymptomatic shoulder,22 subacromial bursitis is
often secondary to rotator cuff disease, and >90% of patients with
pathologic distension of the subacromial bursa had rotator cuff
tears.18,26 The subacromial bursa, composed of synovium, has a
denser net of free nerve endings than other anatomic structures of
the shoulder and therefore may be the most important source of
pain in rotator cuff disease.27-30 This theory might explain why
subacromial corticosteroid injection reduces pain in patients with
rotator cuff disease.30

Other than the acute, subacute, or chronic inflammation detected
on ultrasonography, the time of subacromial corticosteroid injection
or the symptoms duration prior to injection can also bemajor factors
affecting the effect of the injection. The average duration of
symptoms for the patients of this study was 8.2�1.9 months (range,
5e10mo), known as subacute to early chronic patients with rotator
cuff disease. Although no study has so far proved the adequate
timing of subacromial corticosteroid injection, the general
assumption is that an early injection in an acute stagewould bemore
effective. However, in most cases, subacromial corticosteroid in-
jection is not performed immediately but rather when pain persists,
which can mean up to a few months after noninvasive and conser-
vative management. This is the reason why we also recruited sub-
acute to early chronicdand not acutedstage patients with rotator
cuff disease with 5 to 10 months’ duration of persisting pain even
after conservative management.

In our literature review, we were only able to find a few studies
that explored the outcome of rotator cuff disease after subacromial
corticosteroid injection. In a study which looked into the relation
between activity level after subacromial corticosteroid injection,
American Shoulder and Elbow Surgeons score, duration of
symptoms, and status of the rotator cuff and symptoms, none of
the factors turned out to be clearly associated with a response. The
authors of the same study did not read the ultrasonographic
findings.31 In another study which attempted to observe the effi-
cacy of subacromial injection with corticosteroid and local anes-
thetic in patients with abnormal ultrasonographic findings of the
bursa, no correlation was reported between ultrasonographic
findings and the efficacy of subacromial injection. Limitations of
this second study include short-term (10min) observation of the
www.archives-pmr.org
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Table 2 Changes of outcome measurements after subacromial corticosteroid injection

Variable Group 1 (nZ23) Group 2 (nZ22) Group 3 (nZ24) P*

VAS score

Pretreatment 5.4�1.2 5.7�1.3 6.0�1.0

Week 8 3.2�1.4 2.0�1.1 1.9�1.1

Change �2.2�1.6 �3.7�1.2 �4.0�1.6 <.001y

SDQ score

Pretreatment 11.5�3.8 11.8�3.0 13.0�2.7

Week 8 5.8�3.8 5.5�2.9 4.0�2.0

Change �5.7�4.2 �6.4�3.4 �9.0�3.5 .039z

Flexion

Pretreatment 150.4�12.0 149.6�15.6 152.1�14.1

Week 8 160.8�16.8 163.4�13.6 164.3�12.1

Change 10.4�10.4 13.8�13.8 12.2�11.4 .630

Abduction

Pretreatment 133.43�17.4 121.2�18.6 132.4�18.8

Week 8 154.8�16.7 160.4�10.7 167.3�13.1

Change 21.4�12.2 39.2�23.8 34.9�12.6 .002y

External rotation

Pretreatment 69.0�10.3 67.0�16.2 58.9�8.9

Week 8 76.0�12.6 83.9�16.0 83.5�12.7

Change 7.1�9.9 16.9�18.0 24.6�12.8 .008z

Internal rotation

Pretreatment 28.7�11.8 26.4�10.0 23.3�9.0

Week 8 47.5�17.5 52.5�11.0 54.4�9.1

Change 18.8�15.8 26.1�16.1 31.1�13.4 .004z

Thickness of bursal

thickening and effusion

Pretreatment 0.5�0.3 3.0�0.6 3.8�0.7

Week 8 0.3�0.3 1.9�0.5 1.3�0.9

Change �0.2�0.3 �1.1�0.6 �2.5�1.1 <.001x

NOTE. Values are mean � SD or as otherwise indicated.

* Analysis of covariance with the Bonferroni method to compare the change of outcome in the 3 groups (P<.05). Covariates were VAS score, SDQ

score, flexion, abduction, external rotation, internal rotation, and thickness of bursal thickening and effusion at week 0.
y Significant differences between group 1 and groups 2 and 3 in changes of VAS and abduction (P<.05).
z Significant differences between group 1 and group 3 in changes of SDQ, internal rotation, and external rotation (P<.05).
x Significant differences between the 3 groups (1 vs 2 vs 3) in changes of thickness (P<.05).
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effect, which looked only into the effect of the local anesthetic
rather than the corticosteroid; patients with full-thickness tears
taking up to 21% of the total number of subjects, potentially
raising the possibility of bursal effusion being a leakage of sy-
novial fluid rather than inflammation; and not enough patients
(nZ9) in the nonintervention group.32

Study limitations

This study is not without limitations. First, although simple
radiograph, ultrasonography, and physical examinations to
exclude participants with secondary adhesive capsulitis were
performed, patients with labral lesions or small full-thickness
tears of the rotator cuff could have still been missed in the
absence of a magnetic resonance imaging evaluation. In the same
context, the absence of magnetic resonance imaging in measuring
the thickness of bursa and effusion or during the follow-up could
be a limitation. We have also used ultrasonography to exclude the
full-thickness tear, but bursa effusion could possibly have
occurred because of a small full-thickness tear undetectable by
ultrasonography. Second, although most participants in this study
www.archives-pmr.org
were patients with rotator cuff tendinosis, there were also some
who had partial-thickness tears (23.2% in total). The result may
have been affected because the 2 pathologies, tendinosis and
partial-thickness tear, can have different responses to subacromial
corticosteroid injection. Nonetheless, there were no significant
differences in the ratio of partial-thickness tear patients among
the 3 groups. We tried to minimize bias by including only very
small-sized partial-thickness tears of <2mm. Third, although
subacromial bursitis is widely known to be the major disease that
causes symptoms of rotator cuff disease,27-30 other disorders of
the biceps tendon and acromioclavicular joint (instability or
arthritis) could also cause pain. The aim of this study was to
evaluate the correlations between subacromial bursitis and its
response to subacromial corticosteroid injection in rotator cuff
disease. Therefore, to remove other factors that may contribute to
shoulder pain, we excluded participants whose major reasons for
shoulder pain were disorders of the biceps tendon and acromio-
clavicular joint. However, because it was almost impossible to
completely exclude these diseases, there were still 20.3% of the
participants who concomitantly had biceps tendinopathy and
8.7% acromioclavicular joint injury, which may have affected the
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result. Also, shoulder muscle (glenohumeral and scapulothoracic)
imbalance, stiffness, injury of ligament, and microtear of tendon
can also cause pain in rotator cuff disease33-37 and therefore may
have acted as confounding factors. Fourth, to strengthen the
robustness of statistics, an equal number of participants were
allocated to each of the 3 groups. However, not much is known
about the natural ratio of symptomatic rotator cuff patients with
normal bursas, thickening bursas, and bursas with effusion, as
determined by ultrasonography. Of note, one trial38 performed
consecutive series of ultrasonography in 1105 subjects with
shoulder pain and showed that of the 217 subjects with partial-
thickness tear, the ratio of those without to those with sub-
acromial bursitis was 65:152, a ratio similar to our study (23:46).
However, all 217 subjects were analyzed for partial-thickness tear
and not separately for thickening and effusion. If the design that
we have balanced in our study does not reflect the natural ratio,
neither would our sampling perhaps represent the state of nature.
Conclusions

This study illustrates the effect of subacromial corticosteroid in-
jection on patients with subacute to early chronic nontraumatic
rotator cuff disease, suggesting further breakdown in the current
indication. According to the study, a better outcome after sub-
acromial corticosteroid injection can be expected after sub-
acromial corticosteroid injection for patients who have bursal
thickening or effusiondrather than normative readingdon ultra-
sonography. Therefore, we recommend a careful selection of pa-
tients using ultrasonography prior to injection.
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