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Randomized Controlled Trial
Optimal Steroid Dosage with Three Successive Hydrodilatation
Treatment for Adhesive Capsulitis of the Shoulder: A Randomized
Controlled Study
Jong Moon Kim, MD1, Han Kyul Park, MD2, Ji Seong Hong, MD3, Da Sol Ha, MD 4,
Hyoung Seop Kim, MD4, and Hyun Sun Lim, PhD5

Background: Idiopathic adhesive capsulitis of
the shoulder is a common disease, however, the
optimal dosage of steroid in serial hydration has
not been defined.
Objectives: The aim of this study is to find the
optimal dosage of triamcinolone acetonide with
serial hydrodilatation for adhesive capsulitis of
the shoulder.
Study Design: Prospective, double
b l i n d e d r a n d o m i z e d c o n t r o l l e d s t u d y.
Setting: Secondary Training Hospital.
Methods: Forty-two patients with adhesive capsulitis of the shoulder were randomly assigned
to 20 mg or 40 mg intraarticular steroid injection
with hydrodilatation groups using a double blind
method. Data were assessed by visual analog
scale (VAS) for pain, range of motion (ROM)
questionnaire, shoulder pain questionnaire, and
actual shoulder ROM (flexion, abduction, inter-
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nal rotation, and external rotation). Data were
collected before the injection and once every 4
weeks after the injection.
Results: The baseline characteristics of the patients were not statistically different. Both groups
were compared with their pretreated status in all
measurements. (P < 0.05). There were no statistical differences between groups between the
measurements.
Limitations: The absence of a control group:
a group that was administered hydrodilatation
without steroid.
Conclusion: We suggest 20 mg of steroid injection with serial hydrodilatation for adhesive capsulitis of the shoulder patients.
Key words: Injections, intra-articular, triamcinolone acetonide, lidocaine, shoulder pain, shoulder
joint, pain management, bursitis, pain measurement, adhesive capsulitis
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Idiopathic adhesive capsulitis is a disease that first
presents itself with pain around the shoulder for no
discernible reason and leads to contraction of the
affected joint. The disease affects 2-5% of the population, and is especially prevalent in 40-60 year old
women (1,2). Adhesive capsulitis was first described
as frozen shoulder by Codman in 1934 (3) as a disease that is difficult to define, to treat, and to determine its etiology. In 1949, Neviasier (4) described the
disease as adhesive capsulitis, but the etiology of the
disease was not fully understood (4,5). Some experts
believe that adhesive capsulitis should be considered
more as a syndrome rather than a disease, and that
secondary adhesive capsulitis with clear precipitating
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factors should be considered a separate entity from
the primary disease.
The disease is clinically diagnosed according to
symptoms present, including capsular pattern disability, which is the inability to externally rotate the
affected shoulder (6,7). Radiographic imaging is
used first to exclude other possible diagnoses, and
to confirm that there are no radiographic anomalies,
excluding osteoporosis.
Current treatment methods are conservative, and
those that have been proven to be effective through
various studies include procedures such as intraarticular steroid injection, hydrodilatation, suprascapular nerve block, physical therapy, and manipulation.
However, there have not been studies comparing the
efficacy among various methods or the efficacy of
different combinations of treatment methods. There
has also been a lack of studies on the optimum dosage for steroid injections with serial hydrodilatation
(8-17). This study aims to determine the efficacy of
the combination therapy of steroid injection with hydrodilatation, and to provide a guideline on optimum
dosage of steroid for this method of treatment.
METHODS
Patients
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difference compared to sound side in short axis
view); previous trauma or operation history at the
shoulder; previous steroid injection history at the
shoulder by another hospital; bilateral adhesive
capsulitis; patients with diabetes controlled by insulin injection; and loss to follow-up. Among 101
recruited patients, 42 patients fulfilled the inclusion
criteria (Fig. 1). With a calculated effect size of 1.23
and an α of 0.05, a power of 0.96 was achieved with
20 patients in each group (18).
Randomization
Forty-two patients with adhesive capsulitis were
randomly assigned to 20 mg or 40 mg intraarticular
steroid injection with hydrodilatation groups using a
double-blind method. The 40 mg group received a
single injection of 1 mL of 40 mg of steroid and 9 mL
of 1% lidocaine, compared to the 20 mg group which
received 0.5 mL of 40 mg of steroid and 9.5 mL of 1%
lidocaine. After the first injection, 2 more injections
consisting of 10 mL of 1% lidocaine for hydrodilatation were scheduled with a one week interval for both
groups (Fig. 2).
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From March 2013 through December 2015 patients
with shoulder pain were recruited to the study. The
study was approved by the institutional review board,
and all patients enrolled gave written, informed consent in accordance with the principles set forth in the
Declaration of Helsinki. A board-certified physiatrist
with 7 years of musculoskeletal ultrasonographic experience (K.H.S) performed the physical examination,
simple shoulder x-ray, and ultrasonographic study to
diagnose adhesive capsulitis. Adhesive capsulitis was
diagnosed when internal rotation and external rotation
was relatively more limited than flexion and abduction.
Musculoskeletal ultrasonography was performed at
5-12 MHz with a Voluson i (GE Healthcare, Chicago,
IL) linear array transducer.
Exclusion criteria were: full thickness tear of the
supraspinatus tendon or total rupture in ultrasonographic study; presence of other shoulder pain
such as subdeltoid bursitis, calcific tendinopathy,
and supraspinatus tendinopathy (more than 2 mm

Interventions

The injection was administered using a sterile technique with a disposable 10 mL syringe. Patients were
requested to extend and internally rotate their shoulder in a sitting position. A 23G, 6 cm long needle was
inserted at the posterior side of the shoulder until the
needle tip reached the intraarticular space in parallel
to the transducer in longitudinal view by ultrasound
guidance (Figs. 3,4). Each group was taught to perform exercises that stretch the shoulder joint during
the treatment period (Figs. 5,6). For pain medication,
an NSAID (meloxicam) was used twice a day.
Evaluations and Assessment of Outcomes
The degree of pain was measured using the visual
analog scale (VAS). The VAS score was measured
in relation to the degree of pain that patients experienced during their usual daily activities. The main
outcome measures were VAS, range of motion
(ROM) questionnaire, shoulder pain questionnaire,
and ROM (flexion, abduction, internal rotation and
external rotation). ROM was measured by using a
goniometer. To compare the effects between each
group, evaluations were carried out before injection,
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Supraspinatus full
thickness tear (n=9)
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(n=22)

High-dose group
(n=20)

Follow up loss
(n=5)

Analyzed (n=17)

Follow up loss
(n=2)

Analyzed (n=18)

Fig. 1. Flow diagram showing the treatment process and assessment (Flowchart for study procedure).

and 1, 2, 3, and 4 weeks after injection. The physical
examination and ultrasonography were performed
by a single board-certified physiatrist (K.H.S). The
follow-up outcome measures were measured by a
single board-certified physiatrist (H.J.S) with 5 years
of experience in musculoskeletal rehabilitation who
was blind to group information.

Statistical Analysis
We compared the 2 groups in terms of age, gender,
and affected side by performing a Χ2 analysis. A linear mixed model was used to assess overall group
effects, and group-by-time interaction effects. The
Mann-Whitney test was used to compare differences
between groups. Significance was accepted for P <
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Fig. 2. Time-line diagram of the study design.
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Group 1: 1 mL of 40 mg of triamcinolone acetonide and 9 ml of 1% lidocaine
Group 2: 0.5 mL of 40 mg of triamcinolone acetonide and 9.5 mL of 1% lidocaine
: 1 mL of 40 mg of steroid and 9 ml of 1% lidocaine intra-articular injection
: 0.5 mL of 40 mg of steroid and 9.5 ml of 1% lidocaine intra-articular injection
: 10 mL of 1% lidocaine intra-articular injection
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0.05. Data were analyzed using SAS 9.2 software
(SAS Institute, Cary, NC).
RESULTS

Table 1 shows the baseline characteristics of the
patients. There were no significant differences between the 2 groups in age, gender, location, ROM,
VAS, shoulder pain questionnaire, and ROM questionnaire. Table 2 shows the differences by time.
Both groups’ treatments were effective compared
with their pretreated status in all measurements (P <
0.05). However there were no statistical differences
between groups between measurements, even when
correcting for confounding factors and when comparing weekly differences to verify tendencies.
DISCUSSION

Fig. 3. Ultrasonography guided intra-articular injection
at the posterior side of the shoulder.

Understanding the etiology of the disease and treating according to the etiology is the principle of modern
medical treatment, but there are many diseases that
are not understood fully. Adhesive capsulitis is one
of the diseases that fall into this category, though
a part of the etiology is understood through biopsy
or serum testing. For the earlier stages of adhesive
capsulitis (stage 1 and 2), biopsies have revealed
that there are inflammatory cells, and that there is
an increase of inflammatory cytokines in the serum
(19,20). It is theorized that the pain in adhesive capsulitis is caused by inflammation, which is especially
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Fig. 4. Ultrasonography guided injection was performed
with 23 gauge, 6 cm long needle at the posterior side of
the shoulder in parallel to the transducer.
White arrow : needle

profound at the axillary fold of the joint capsule, the
anterosuperior joint capsule, the coracohumeral
ligament, and the rotator cuff interval (7). At stages
3 and 4, inflammation subsides but fibrous tissues
are found in biopsies. Adhesion and fibrosis of the
synovial lining, and the thickening and the contraction of collagenous tissue around the glenohumeral
joint capsule causes the joint capsule volume to decrease, limiting the range of motion of the shoulder.
Thus, to treat adhesive capsulitis, a steroid injection
was administered to patients with early stages of the
disease to decrease inflammation, and hydrodilatation was performed to increase joint capsule volume.
Both treatment modalities were found to be effective
statistically (10,12,21-26). However, Walmsley et
al (27) found that, in a study that enrolled a total of
64 patients, many patients who were diagnosed as
early stage might not have been categorized properly.
Clinically, it is not possible to accurately determine
the stage of the disease, as a patient may present
with symptoms from different stages at the same

Fig. 5. Shoulder exercises were performed for adhesive
capsulitis of the shoulder.

A : Relaxing the shoulder with carring a heavy material and spinning the
shoulder roundly, which is called pendular exercise.
B : Grasp a towel or a stick vertically and push it up and down repetitively.

time (27). Even in our own study, we have found
that patients show signs of both early and late stage
adhesive capsulitis at the same time. For example,
a patient can have both pain and limitation of motion
of the shoulder, suggesting that both inflammation
and fibrosis are occurring in the affected shoulder.
Even if there was a more effective way of differentiating between early and late stages, hydrodilatation at
early stages can help the steroid reach a larger area
due to increased joint space, and steroid injection
at late stages can help subdue any residual inflammation. It is pathophysiologically sound to use both
treatment methods in conjunction with each other,
since they both help with overall efficacy.
Until now, most studies on adhesive capsulitis of the
shoulder have been about the effects and optimal
dose of steroid injection with hydrodilatation.
De jong et al (28) studied how the dosage of steroid
affected the efficacy of treatment in patients who
underwent only steroid injections. The patients were
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Table 1. Baseline characteristics of participants.
40 mg steroid injection group
(n=18)
Sex (male:female)
Age (yr)
Side (right:left)

20 mg steroid injection group
(n=17)

P

10:8

9:8

0.2578

57.83333

61.29412

0.8767

11:7

8:10

0.4042

Flexion ROM

162.8 ± 17.0

148.2 ± 31.0

0.1014

Abduction ROM

137.8 ± 30.6

117.1 ± 33.9

0.0660

External rotation ROM

71.5 ± 16.7

67.4 ± 25.9

0.5349

6.2 ± 5.1

6.6 ± 5.3

0.5957

VAS
Shoulder pain questionnaire

2.6 ± 1.1

2.2 ± 1.1

0.2441

Flexion posture

4.8 ± 0.7

4.3 ± 1.2

0.1680

Abduction posture
Internal rotation posture
ROM, Range Of Motion
VAS, Visual Analogue Scale
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3.9 ± 1.0

3.5 ± 1.1

0.2559

3.3 ± 1.1

3.3 ± 0.6

0.9556

assigned to 2 groups: those who received 10 mg
triamcinolone and those who received 40 mg triamcinolone. The 2 groups showed no differenence in
ROM improvement, but it was concluded that 40 mg
triamcinolone was more effective at controlling pain
and decreasing the rate of sleep disturbance (28).

concluded that the 2 groups showed no difference
in efficacy, although statistically not significant, the
group that received steroid injections with hydrodilatation treatments showed a bigger improvement in
shoulder pain and disability index compared to those
who only received steroid injections (11).

Yoon et al (13) studied 53 patients with early stage
adhesive capsulitis who underwent steroid injections
consisting of a total volume of 5 mL, and grouped
the patients according to the amount of steroid they
received: 40 mg, 20 mg, and placebo. They found
that there was no statistical difference in improvement
between patient groups who underwent 20 mg or 40
mg, but that there was a difference between both
groups and the placebo group. They recommended
that 20 mg of steroid should be administered (13).
However, considering the fact that the volume of a
normal shoulder joint capsule is 15-30 mL, and the
volume decreases by 5-6mL when a patient is affected by adhesive capsulitis, (6) a 5 mL intraarticular
injection might not have been sufficient to ensure
that the 40 mg of steroid was evenly distributed to
all inflammation sites in the joint.

Jacobs et al (29) studied 47 patients with adhesive
capsulitis who were grouped and treated by hydrodilatation only, steroid injection only, or steroid injection
with hydrodilatation. There were statistically sound
improvements in abduction and flexion ROM in all
groups. The steroid injection with hydrodilatation
group was the most improved, however, there were
no statistical differences with the steroid injection
only group (29).

Tvetia et al (11) published a study comparing the
efficacy of treatment between 2 patient groups: those
who received only steroid injections and those who
received steroid injections with hydrodilatation. They

Results varied between studies even though almost
the same protocol studies were conducted. It could
be because of the difference in skill, improvements
in ultrasound machines, and the variety of patients.
However, most of the studies showed that there were
improvements when treating with a steroid injection
or hydrodilatation.
Thus, we concluded that steroid injection combined
with hydrodilatation is the optimal treatment combination, as long as there are no adverse effects, and
conducted this study to see how different dosages of
steroid affects the efficacy of the treatment.
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Table 2. Changes of Outcome Measurements after Intra-articular Injections
High dose (40 mg)
group
(mean ± SD)
Flexion ROM
Baseline
Week 1
Week 2
Week 3
Week 4

162.8 ± 17.1
171.7 ± 8.6
173.9 ± 7.8
177.2 ± 4.6
179.4 ± 2.4

Abduction ROM
Baseline
Week 1
Week 2
Week 3
Week 4

137.8 ± 30.6
159.4 ± 22.1
166.1 ± 23.8
176.1 ± 9.8
179.4 ± 2.4

External rotation ROM
Baseline
Week 1
Week 2
Week 3
Week 4

71.9 ± 16.7
78.1 ± 13.2
82.2 ± 10.6
86.7 ± 5.9
89.4 ± 2.4

VAS

IN

P value
(Week 4 –
baseline)
< 0.001

< 0.001

Low dose (20 mg)
group
(mean ± SD)
148.2 ± 31.1
154.7 ± 32.8
165.3 ± 19.1
172.4 ± 11.5
174.7 ± 8.7
117.1 ± 33.9
142.4 ± 31.5
148.9 ± 34.4
160 ± 24.7
170 ± 16.2

P value
(Week 4 –
baseline)

P value
(Group by time
interaction)

< 0.001

0.227

< 0.001

0.736
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Baseline
Week 1
Week 2
Week 3
Week 4

6.2 ± 2.2
3.2 ± 2.2
2.2 ± 1.9
1.3 ± 1.3
0.6 ± 1.0

Shoulder pain questionnaire
Baseline
Week 1
Week 2
Week 3
Week 4

2.6 ± 1.1
3.6 ± 0.9
3.6 ± 1.1
3.9 ± 1.2
4.6 ± 0.8

Flexion posture
Baseline
Week 1
Week 2
Week 3
Week 4

4.8 ± 0.7
4.6 ± 1.0
4.6 ± 1.1
4.8 ± 0.7
4.9 ± 0.5

Abduction posture
Baseline
Week 1
Week 2
Week 3
Week 4

3.9 ± 1.0
4.2 ± 0.9
4.6 ± 0.6
4.7 ± 0.5
5±0

Internal rotation posture
Baseline
Week 1
Week 2
Week 3
Week 4

3.3 ± 1.1
3.7 ± 1.0
3.9 ± 1.0
4.2 ± 0.9
4.6 ± 0.6

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

67.4 ± 25.9
70.6 ± 23.2
73.6 ± 22.6
75.3 ± 22.1
82.4 ± 14.4
6.6 ± 2.4
4 ± 1.7
2.9 ± 1.7
2.1 ± 1.3
1.4 ± 1.7

2.2 ± 1.1
2.7 ± 1.1
3.4 ± 0.9
3.9 ± 0.9
4.6 ± 0.6
4.3 ± 1.2
4.6 ± 1.1
4.8 ± 0.5
4.8 ± 0.5
4.9 ± 0.2
3.5 ± 1.1
4.1 ± 1.0
4.4 ± 0.8
4.6 ± 0.7
4.9 ± 0.3
3.3 ± 0.6
3.6 ± 0.8
3.6 ± 0.9
3.9 ± 1.2
4.2 ± 1.0

< 0.001

0.687

< 0.001

0.977

< 0.001

0.227

< 0.001

0.182

< 0.001

0.841

< 0.001

0.878
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Table 3. Changes of outcome measurements comparing with baseline after intra-articular injections.
High dose (40 mg) group
(mean ± SD)

Low dose (20 mg) group
(mean ± SD)

P value
(Between-group comparison)

Flexion ROM
Baseline – Week 1
Baseline – Week 2
Baseline – Week 3
Baseline – Week 4

-8.89 ± 12.78
-11.11 ± 13.23
-14.44 ± 17.23
-16.67 ± 17.49

-6.47 ± 33.16
-17.06 ± 27.33
-24.12 ± 25.75
-26.47 ± 30.20

0.660
0.987
0.287
0.483

Abduction ROM
Baseline – Week 1
Baseline – Week 2
Baseline – Week 3
Baseline – Week 4

-21.67 ± 28.13
-28.33 ± 31.30
-38.33 ± 30.53
-41.67 ± 30.34

-25.29 ± 27.87
-31.76 ± 34.68
-42.94 ± 30.77
-52.94 ± 30.98

0.483
0.782
0.590
0.287

External rotation ROM
Baseline – Week 1
Baseline – Week 2
Baseline – Week 3
Baseline – Week 4

-6.11 ± 13.78
-10.28 ± 15.76
-14.72 ± 16.31
-17.50 ± 16.47

VAS
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Baseline – Week 1
Baseline – Week 2
Baseline – Week 3
Baseline – Week 4

3.00 ± 2.47
4.00 ± 2.63
4.89 ± 2.14
5.56 ± 2.15

-3.24 ± 20.69
-6.18 ± 17.99
-7.94 ± 19.61
-15.0 ± 22.91

0.732
0.335
0.195
0.636

2.59 ± 1.70
3.65 ± 2.42
4.53 ± 2.50
5.18 ± 3.11

0.961
0.987
0.987
0.832

-0.53 ± 1.01
-1.24 ± 1.44
-1.76 ± 1.56
-2.41 ± 1.23

0.443
0.684
0.590
0.443

Shoulder pain questionnaire
Baseline – Week 1
Baseline – Week 2
Baseline – Week 3
Baseline – Week 4

-0.94 ± 1.11
-1.00 ± 1.68
-1.33 ± 1.85
-2.00 ± 1.41

Flexion posture
Baseline – Week 1
Baseline – Week 2
Baseline – Week 3
Baseline – Week 4

0.17 ± 1.29
0.22 ± 1.00
-0.06 ± 1.06
-0.11 ± 0.90

-0.35 ± 0.61
-0.53 ± 1.01
-0.53 ± 1.01
-0.65 ± 1.06

0.134
0.103
0.273
0.173

Abduction posture
Baseline – Week 1
Baseline – Week 2
Baseline – Week 3
Baseline – Week 4

-0.28 ± 0.46
-0.44 ± 1.58
-0.78 ± 1.11
-1.06 ± 1.00

-0.53 ± 0.94
-0.88 ± 1.50
-1.12 ± 1.36
-1.35 ± 1.11

0.546
0.483
0.318
0.463

Internal rotation posture
Baseline – Week1
Baseline – Week2
Baseline – Week3
Baseline – Week4

-0.44 ± 0.86
-0.61 ± 1.54
-0.89 ± 1.41
-1.28 ± 1.18

-0.35 ± 0.70
-0.35 ± 1.17
-0.59 ± 1.37
-0.94 ± 1.09

0.858
0.782
0.684
0.568

The main adverse effect of hydrodilatation treatment
is that the patients suffer from pain due to the large
volume of hydrodilatation. In this study, we performed
hydrodilatation by weekly serial injection of 10 mL
lidocaine to reduce the pain; as a result, no patients
reported pain.
One weak point of our study is the absence of

a control group: a group that was administered
hydrodilatation without steroid injection. However,
this study was originally set up as a double-blinded
randomized controlled study. Triamcinolone acetate
has a unique milky color. So if we set up the control
group with transparent normal saline or mixed local
anesthetic fluid, it would have been very easy to dif-
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ferentiate the control group. So we could not create a
control group by this research methodology. Another
weak point is that the follow-up period was not long
enough to judge the long-term effect of the treatment.
Our study was conducted for 4 weeks, which is only
suitable for analyzing the short-term effect. The third
weak point is that previous studies used various total
doses of water for hydrodilatation (10 mL-40 mL water), whereas in our study we selected 10 mL and it is
unclear whether this volume is sufficient to cause an
effective distension of the joint capsule. Although we
tried to confirm the flow of injection through Doppler
ultrasound when carrying out the intraarticular injections, we could not fully check whether all the injection
fluid was able to spread into the joint space without
leakage. This can be considered a limitation. Finally,
the study about dosing over 40 mg has not yet been
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