
Background: We have applied a new method called “the pumping technique” to the capsule-
preserving hydraulic distension for frozen shoulder. With this technique, the stretching effect can 
be directly applied to the joint capsule of the affected shoulder. 

Objectives: We attempted to evaluate the effect of capsule-preserving hydraulic distension 
using the pumping technique by comparing capsule-preserving hydraulic distension without it. 

Study Design: A case-controlled, retrospective, comparative study.

Setting: Outpatient clinic of department of rehabilitation medicine in a single university hospital.

Methods: Patients (n = 47) with frozen shoulder who were treated with hydraulic distension 
were assigned into the pumping group (n = 24) and the nonpumping group (n = 23). Range of 
motion (ROM), Shoulder Pain and Disability Index (SPADI), and Visual Analog Scale (VAS) scores 
were assessed.

Results: Significant improvement of VAS, ROM, and SPADI scores was observed after the 
second injection in each group (P < 0.05). There were significant differences in total passive 
ROM, abduction, and flexion after the fifth injection between the 2 groups (P < 0.05). There was 
a significant difference in the disability domain of SPADI after the second injection between the 
2 groups (P < 0.05). However, there was no significant interaction between time and group with 
respect to VAS scores. There were no serious complications after procedures.

Limitations: This was a retrospective study. There might be some limitations in gathering 
comprehensive records of outcome measurements. In addition, because the objective of this 
study was to determine the effect of the new pumping technique, included patients range was 
very narrow. This study only included patients who were treated 5 times with capsule-preserving 
hydraulic distensions with or without the pumping technique.

Conclusions: Although the effect on pain was excellent in both groups, the superiority of the 
new pumping technique was demonstrated by reduction of SPADI disability subscale score and 
improvement of ROM of the shoulder compared with the nonpumping technique.

Key words: Shoulder pain, injections, stretch, exercise, ultrasonography, joint capsule, steroids, 
range of motion
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hydraulic distension using the pumping technique with 
capsule-preserving hydraulic distension without the 
pumping technique on frozen shoulder. 

Methods

Study Patients
This was a case-controlled, retrospective, compara-

tive study. Before starting this study, the study protocol 
was approved by human subjects’ review committee 
and our institutional review board (4-2018-0873). Pa-
tients’ clinical charts were retrospectively reviewed. In-
formed consent for hydraulic distension procedure was 
obtained from each study patient in the department of 
rehabilitation medicine just before the procedure after 
explanation of the procedure, its probable complica-
tions, and available other therapies. 

Patients
This study included outpatients with frozen shoul-

der who underwent hydraulic distension in the outpa-
tient clinic of department of rehabilitation medicine of 
a single university hospital between March 2013 and 
October 2018. Frozen shoulder was diagnosed by medi-
cal physical examination, radiologic image, and medical 
interview. Patients aged over 18 years and diagnosed 
with idiopathic frozen shoulder who had normal axil-
lary and anteroposterior radiographs were included if 
they had symptoms that persisted at least 3 months, a 0 
to 10 range Visual Analog Scale (VAS) score over 5, pas-
sive motion limitation > 30° in ≥ 2 planes of movement 
(13), and a failure of physiotherapy course. To be eligi-
ble for this study, patient should also meet the follow-
ing inclusion criteria: (1) underwent capsule-preserving 
hydraulic distension for a total of 5 times at intervals of 
2 weeks; (2) underwent follow-up for 6 months after 
the last hydraulic distension; and (3) had not received 
any other treatment besides hydraulic distension.

Patients were excluded if they met the following 
criteria: (1) structural or systemic disorders, inflam-
matory arthritis disease, and radiographically proven 
osteoarthritis that led to ROM limitation or pain; (2) 
full thickness rotator cuff tendon tear in magnetic 
resonance imaging or ultrasonography; and (3) major 
trauma or history of surgery in shoulder. Patients were 
also excluded from this study if they had secondary 
frozen shoulder (secondary to other causes, including 
metabolic disorders, stroke, or cancer) or previous hy-
draulic distension. Flowchart of the selection process of 
study patients is presented in Fig. 1.

Frozen shoulder is a common shoulder disease that 
causes shoulder pain and progressive limitation 
of shoulder motion. It affects 2% to 5% of the 

general population (1). It is known that 40% of patients 
with frozen shoulder not receiving suitable treatment 
suffer from continuous pain and limited range of motion 
(ROM), whereas 11% of these patients are known 
to suffer from permanent shoulder dysfunction (2). 
Although main treatment options for frozen shoulder 
include physical therapy, nonsteroidal antiinflammatory 
drugs, and intraarticular corticosteroid injection (3), the 
use of invasive approaches such as hydraulic distension is 
considered when a patient does not show improvement 
despite long-term conservative treatments (4). 

Hydraulic distension for patients with frozen 
shoulder is known to expand a contracted and stiff gle-
nohumeral joint capsule by infusing a large volume of 
injection fluid (5). It is one of the most commonly used 
procedures for frozen shoulder. It has been demonstrat-
ed to be more effective than physiotherapy or manipu-
lation under anesthesia (6,7). In general, intraarticular 
capsule rupture is used as a common form of hydraulic 
distension. When hydraulic distension is performed 
to preserve capsules at the maximum volume, greater 
improvement in shoulder ROM and pain relief can be 
achieved than those seen after capsular rupture (8). In 
addition, most injection fluids of hydraulic distension 
are mixed with corticosteroids to enhance its effective-
ness by quickly decreasing capsule inflammation (9,10).

One study has shown that stretching exercise can 
lead to fibrolytic process and release fibrous shoulder 
capsule (11). Although stretching exercise is one of the 
major treatments for frozen shoulder, its effects remain 
unclear. A recent review article has reported that a com-
bination of manual therapy and exercise may not be 
as effective as glucocorticoid injection in the aspect of 
short-term effect for frozen shoulder (12). The reason 
why exercise is ineffective for frozen shoulder might be 
because it is difficult for patients with severe pain and 
limitation of shoulder motion to exercise enough to 
give direct mechanical load on the pathologic capsule 
of the shoulder joint. For this reason, we applied a new 
method called “the pumping technique” to capsule-
preserving hydraulic distension. This new technique 
is simple and safe. Its stretching effect can be directly 
applied to joint capsule of the affected shoulder. The 
total number of hydraulic distensions has been set to be 
5 for the purpose of maximizing the stretching effect of 
the pumping technique. Therefore, the objective of this 
study was to compare the effect of capsule-preserving 
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Hydraulic Distension Procedure
Capsule-preserving intraarticular hy-

draulic distension was performed on the 
affected shoulders for all patients with 
or without the pumping technique. Ul-
trasound (US)-guided capsule-preserving 
intraarticular hydraulic distension meth-
ods have been previously reported (8,9). 
They were modified to be suitable for the 
pumping technique.

A physiatrist (S.C.L) with more than 
10 years of experience in musculoskeletal 
ultrasonography performed US-guided hy-
draulic distension with a posterolateral ap-
proach. US equipment was an ACCUVIX V10 
system (Medison Company Ltd., Gyeonggi-
do, Republic of Korea) interfaced with a 5- 
to 12-MHz linear array transducer. Patient 
was in a lying position on the unaffected 
side with shoulder internally rotated, el-
bow flexed, wrist pronated, and hand on 
the opposite shoulder. Needle insertion 
under US-guidance was performed using 
both in-plane and out of plane methods 
depending on the situation.

Using aseptic technique, a 6-cm, 
23-gauge needle was placed in the gle-
nohumeral joint with verification of 
intraarticular position through ultrasono-
graphic image. A mixture of 1 mL of triam-
cinolone (40 mg), 10 mL of local anesthetic 
(1% lidocaine), and 19 mL (0.9% NaCl) of 
normal saline solution (30 mL total) was 
prepared. The mixture solution was di-
vided into 3 10-mL syringes. For the first 
syringe, 40 mg triamcinolone was added 
before the injection. The mixture of 30 mL 
was injected into the joint slowly with pres-
sure while monitoring by ultrasonography 
to preserve the glenohumeral joint capsule 
and maximize the injected volume. When 
performing capsule-preserving hydraulic 
distension without the pumping tech-
nique, the injection was stopped at the 
point where no further expansion of the 
capsule was observed through ultrasonog-
raphy (Fig. 2).The needle was then pulled 
out of the capsule, and the procedure was 
terminated. With the pumping technique, 
preservation of the joint capsule was the 

same as the conventional method. When regurgitation occurred 
into the syringe as a result of increased intraarticular pressure dur-
ing the procedure, the back flowed solution was pushed into the 
joint and the syringe was held for 10 seconds using the investiga-
tor’s thumb (Video 1). In the next step, the investigator loosened 
the thumb and observed that the solution was refluxed into the 
syringe for about 10 seconds. The investigator repeated the same 
procedure 10 times. This pumping technique took approximately 5 
minutes longer than the conventional method. During the proce-
dure, suitable needle position in the articular space and distended 
capsule were monitored using US.

These injections were repeated a total of 5 times in 2-week 
intervals. Patients who had other treatments during hydraulic 
distension and follow-up period were excluded from this study. 

Fig. 1. Flow diagram showing the selection process of  patients for this 
study.
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However, self-exercise and behavior correction were 
allowed. Patients were instructed to perform exer-
cise consisting of ROM and stretching exercise by 
themselves.

Outcome Measurements
To evaluate treatment outcomes, passive ROM 

of shoulder in 3 directions (forward flexion, abduc-
tion, and external rotation), VAS score, and Shoulder 
Pain and Disability Index (SPADI) were measured. 
The same investigator (S.H.S) evaluated all outcome 
measurements.

Passive ROMs were measured while the patient 
was sitting upright. We used a goniometer to evaluate 
ROMs. Abduction, flexion, and external rotation ROMs 
were measured (8). VAS was used to measure the most 
severe ROM-associated shoulder pain in the past several 
days. VAS scores ranged from 0 (“no pain”) to 10 (“the 
worst imaginable pain”). SPADI for patients with shoul-
der pain was a self-reporting questionnaire comprising 
13 questions in 2 domains: pain domain (5 items) and 
disability domain (8 items) (13). Each domain score was 
evenly assessed and added to obtain a total percentage 
score from 0 (best) to 100 (worst).

Outcome measures were evaluated on the day of 

the intervention, at 3 months, and at 6 months after 
the last intervention. On the day of hydraulic distension 
procedure, evaluation was performed just before the 
procedure. Total number of evaluations on the day of 
the procedures was 7. Occurrence of complications was 
checked on the same day. Using medical records, side 
effects were also assessed throughout the study period.

Statistical Analyses
SPSS Version 24.0 software (IBM Corporation, 

Armonk, NY) was used for all statistical analyses. The 
Shapiro–Wilk test was used to analyze all continu-
ous variables to determine whether the distribution 
was normal. All results showed normal distribution. 
Independent t test and repeated measures analysis of 
variance (ANOVA) were used to compare and analyze 
general characteristics of patients. Effects of hydraulic 
distension were evaluated using repeated measures 
ANOVA with time as a within-patients factor, and group 
(the pumping group and the nonpumping group) as a 
between-patients factor. Whenever the time or inter-
action was significant, a post hoc test with Bonferroni 
correction was performed. Statistical significance was 
recognized when P value was < 0.05.

Fig. 2. Capsule-preserving hydraulic distension in frozen shoulder. (A) Before US-guided intraarticular injection at 
glenohumeral joint. (B) After US-guided injection with needle (dotted arrow) showing capsular distension (arrowhead). (C) 
Performance of  capsule-preserving hydraulic distension. While the patient was lying down comfortably, the needle was inserted 
to the glenohumeral joint 1 cm lateral to the US transducer and advanced into the joint capsule under US guidance. Pumping 
technique can be performed after this procedure. Abbreviations: G, glenoid; H, humeral head; L, labrum.
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Results

Baseline Characteristics of Patients
All 47 patients were compatible with this study. 

There was no significant difference in general charac-
teristics, passive ROMs, SPADI, or VAS scores between 
the 2 groups (Table 1).

Changes in Passive ROM
In each group, passive total ROMs, abduction, 

flexion, and external rotation were significantly de-
pendent on time by repeated measures ANOVA (P < 
0.05). In addition, significant improvement of passive 
total ROMs, abduction, flexion, and external rotation 
were observed from the time point of the second in-
jection in each group (P < 0.05). Repeated measures 
ANOVA showed a meaningful interaction of time with 
passive total ROMs, abduction, flexion, and external 
rotation in the pumping group and the nonpumping 
group (F(6,40) = 14.299, P < 0.001; F(6,40) = 6.245, P = 
0.001; F(6,40) = 7.175, P = 0.001; and F(6,40) = 10.549, 
P < 0.001, respectively). Post hoc test with Bonferroni 
correction showed significant difference in total passive 
ROMs, abduction, and flexion at the fifth injection, 3 
months, and 6 months postprocedure between the 2 
groups (all P < 0.05). In addition, external rotation at 

each time point from the third injection to 6 months 
postprocedure was significantly higher in the pumping 
group than that in the nonpumping group (P < 0.05; 
Table 2, Fig. 3).

Changes in SPADI
In each group, total score, pain domain, and dis-

ability domain of SPADI were significantly dependent 
on time by repeated measures ANOVA (P < 0.05). Sig-
nificant improvements in total score, pain domain, and 
disability domain of SPADI were observed from the time 
point of the second injection in each group (P < 0.05). 
Repeated measure ANOVA showed no significant inter-
action between time and group with respect to total 
score and pain domain of SPADI. However, in disability 
domain of SPADI, repeated measure ANOVA showed a 
significant interaction between time and group (F(6,40) 
= 8.665; P < 0.001). Post hoc test with Bonferroni cor-
rection showed significant difference in the disability 
domain of SPADI at each time point from the second 
injection to 6 months postprocedure between the 2 
groups (P < 0.05; Table 2, Fig. 3).

Changes in Shoulder Pain 
In each group, VAS was significantly dependent 

on time by repeated measures ANOVA (P < 0.05). Sig-

Table 1. Baseline characteristics of  patients.

Pumping Group
(n = 24)

Nonpumping Group
(n = 23)

P Value

Age 56.5 ± 6.6 55.4 ± 7.1 0.583

Gender (Male : Female) 6 : 18 7 : 16 0.752

Shoulder side 
(dominant : nondominant) 7 : 17 8 : 15 0.760

Duration of pain (months) 5.6 ± 1.1 6.1 ± 1.8 0.348

Body mass index 26.7 ± 3.3 27.2 ± 3.2 0.567

Passive ROM 

Sum of ROMs (°) 242.7 ± 31.3 244.8 ± 23.8 0.799

Flexion (°) 113.5 ± 14.6 115.7 ± 11.1 0.579

Abduction (°) 80.6 ± 19.1 80.2 ± 18.7 0.942

External rotation (°) 48.5 ± 6.7 48.9 ± 6.2 0.844

SPADI

Total score 68.8 ± 10.3 70.2 ± 9.5 0.646

Shoulder pain 36.0 ± 8.3 36.5 ± 7.5 0.808

Shoulder disability 32.9 ± 3.2 33.7 ± 2.5 0.358

VAS 7.3 ± 1.1 7.3 ± 0.9 0.856
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nificant improvements of VAS were observed from the 
time point of the second injection in each group (P < 
0.05). However, there was no significant interaction 
between time and group with respect to VAS scores by 
repeated measure ANOVA (Table 2, Fig. 3).

Complications Related to Procedures
There were no serious complications such as loss of 

sensation, motor control in the affected arm, infection, 
or symptoms attributable to side effects of hydraulic 
distension. However, some patients reported some side 
effects such as facial flushing (total n = 4: the pump-
ing group, n = 2; the nonpumping group, n = 2), local 
depigmentation of the skin (the pumping group, n = 
1), and disturbance of the menstrual pattern (total n = 
5: the pumping group, n = 2; the nonpumping group, 
n = 3).

Discussion

“The pumping technique” was designed to add the 
effect of stretching exercise on the joint capsule to con-
ventional hydraulic distension. Therefore, the purpose 
of this study was to compare the effect of capsule-pre-
serving hydraulic distension using the pumping tech-

nique with the effect of capsule-preserving hydraulic 
distension without using the pumping technique. Find-
ings of this study indicated that hydraulic distension us-
ing the new pumping technique reduced SPADI disabil-
ity subscale score after the second injection compared 
with the conventional capsule-preserving hydraulic 
distension. Such difference lasted up to 6 months after 
the last procedure. External rotation ROM of shoulder 
joints was further increased in the pumping group af-
ter the third injection compared with the nonpumping 
group. However, there was no significant difference in 
pain reduction between the 2 groups. Pain decreased in 
both groups after the second injection compared with 
that at baseline. Such pain-reduction effect was well 
maintained during the 6-month follow-up period. 

SPADI consists of 13 items in 2 domains: pain (5 
items) and disability (8 items). It has been validated in 
patients with frozen shoulder (14). There seems to be 
a statistically significant difference in SPADI disability 
subscale and ROMs of the shoulder between the pump-
ing and nonpumping groups because there is a strong 
negative correlation between shoulder ROMs and 
SPADI disability subscale scores (15). It seems that SPADI 
disability score reflects the interaction of pain and 

Table 2. Change of  outcome measures.

Group
Baseline 

(First 
Injection)

Second 
Injection

Third 
Injection

Fourth 
Injection

Fifth 
Injection

3 months 6 months

Passive range of motion (PROM)

Sum of 
PROM

Pumping 242.7 ± 31.3 287.3 ± 41.6* 325.4 ± 31.3* 350.6 ± 38.7* 378.3 ± 39.7* 401.5 ± 35.6* 418.8 ± 18.6*

NonPumping 244.8 ± 23.8 266.5 ± 31.3* 297.0 ± 42.3* 319.6 ± 41.2* 338.7 ± 35.9* 362.6 ± 28.6* 384.1 ± 21.0*

Flexion
Pumping 113.5 ± 14.6 134.0 ± 14.1* 148.8 ± 17.3* 157.9 ± 16.6* 166.3 ± 12.7* 172.3 ± 12.8* 176.5 ± 5.2*

NonPumping 115.7 ± 11.1 125.2 ± 17.3* 140.9 ± 15.1* 149.3 ± 12.8* 154.3 ± 10.1* 161.1 ± 6.6* 167.8 ± 5.6*

Abduction
Pumping 80.6 ± 19.1 95.2 ± 24.1* 109.0 ± 21.2* 120.2 ± 22.9* 135.2 ± 23.5* 148.3 ± 20.6* 157.3 ± 13. 6*

NonPumping 80.2 ± 18.7 88.9 ± 21.2* 97.6 ± 25.0* 107.6 ± 25.7* 116.7 ± 23.4* 130.4 ± 19.0* 142.6 ± 12.7*

External 
rotation

Pumping 48.5 ± 6.7 58.1 ± 8.6* 67.7 ± 5.4* 72.5 ± 6.3* 76.9 ± 7.2* 80.8 ± 6.7* 85.0 ± 4.4*

NonPumping 48.9 ± 6.2 52.4 ± 5.4* 58.5 ± 9.1* 62.6 ± 8.5* 67.6 ± 7.9* 71.1 ± 6.5* 73.7 ± 6.3*

SPADI

Total score
Pumping 68.8 ± 10.3 49.7 ± 13.0* 39.0 ± 9.2* 30.6 ± 8.2* 24.3 ± 7.2* 23.5 ± 7.1* 22.9 ± 8.1*

NonPumping 70.2 ± 9.5 53.5 ± 9.2* 43.9 ± 10.3* 34.9 ± 8.4* 29.7 ± 7.2* 28.5 ± 7.8* 27.8 ± 7.3*

Shoulder 
disability

Pumping 36.0 ± 8.3 21.6 ± 9.5* 14.8 ± 7.5* 12.0 ± 5.8* 8.5 ± 4.8* 9.9 ± 4.3* 11.0 ± 6.6*

NonPumping 36.5 ± 7.5 21.9 ± 7.5* 15.4 ± 7.0* 12.7 ± 5.1* 8.8 ± 4.0* 10.6 ± 5.4* 11.8 ± 6.2*

Shoulder 
disability

Pumping 32.9 ± 3.2 28.1 ± 4.2* 24.3 ± 3.1* 18.6 ± 3.8* 15.8 ± 3.9* 13.6 ± 3.5* 11.9 ± 1.9*

NonPumping 33.7 ± 2.5 31.6 ± 3.1* 28.4 ± 4.3* 22.3 ± 4.2* 20.8 ± 3.6* 18.0 ± 2.9* 16.0 ± 1.7*

VAS
Pumping 7.3 ± 1.1 4.0 ± 1.9* 2.6 ± 1.5* 2.1 ± 1.0* 1.4 ± 0.9* 1.7 ± 0.9* 1.9 ± 1.3* 

NonPumping 7.3 ± 0.9 4.1 ± 1.5* 2.7 ± 1.4* 2.3 ± 1.0* 1.5 ± 0.8* 1.9 ± 1.2* 2.0 ± 1.1* 
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ROM. For pain intensity, no significant differences were 
found between the 2 groups because the nonpumping 
group also had sufficient pain reduction.

To apply the pumping technique to hydraulic dis-
tension, the joint capsule should not be ruptured dur-
ing the procedure. Previous studies have shown that 
maintaining the maximum volume of the glenohumeral 
capsule through infusion of injection fluid is more ef-
fective than rupturing of the capsule in frozen shoulder 
patients (8,16). When the capsule is maintained rather 
than ruptured, it is possible to obtain an additional 
stretching effect of the old and fibrous soft tissue. In 
addition, steroid can remain in the intraarticular cavity 
due to capsule preservation. Moreover, most glenohu-
meral joint capsular ruptures during hydraulic disten-

sion occur in the subscapularis bursa, not in the actual 
pathologically fibrotic area (17-19).

The mechanism of the frozen shoulder remains 
unclear. However, it has been reported that maintain-
ing normal joint capsule remodeling requires balance 
between matrix metalloproteinases (MMPs) and tissue 
inhibitors of matrix metalloproteinases (TIMPs), where-
as MMP/TIMP balance disorder preferred by TIMP may 
cause fibroproliferative disease such as frozen shoulder 
(20,21). The increased MMP/TIMP ratio after intensive 
stretching exercise can facilitate fibrolytic process and 
lead to the release of fibrous shoulder capsule (22). It 
has been shown that stretching exercise can meaning-
fully reduce TIMP-1 and TIMP-2 levels and increase 
MMP-1 and MMP-2 levels (22). These results may sug-

Fig. 3. Outcomes change from baseline to each assessment and between-group differences.
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gest that intensive stretching exercise can soften joint 
capsule fibrosis in patients with frozen shoulder by con-
trolling MMP and TIMP balance. Stretching exercises 
consisting of forward elevation, external rotation, hori-
zontal adduction, and internal rotation with each pos-
ture maintaining for 10 seconds within a tolerable pain 
range can maximize the stretching effect (23). However, 
it is difficult for a patient with frozen shoulder who has 
severe pain to perform stretching exercise effectively. 
Moreover, stretching exercise requires direct mechani-
cal load on the pathological capsule of the shoulder 
joint to induce fibrolytic process and release the fibrotic 
shoulder capsule. It is practically impossible for patients 
with motion limitation and severe pain to exercise with 
such intensity (11). The pumping technique can effec-
tively stretch the joint capsule by adding simple proce-
dure to hydraulic distension. The extra time it takes to 
use the pumping technique is approximately 5 minutes. 
The total number of hydraulic distensions was set to be 
5 for the purpose of maximizing the stretching effect 
of the pumping technique. Although the ideal number 
of hydraulic distensions with the pumping technique 
should be studied further, the use of corticosteroids in 
the same way as in the present study would limit the 
total number of hydraulic distensions.

In this study, hydraulic distension was performed 
5 times per patient. Therefore, 40 mg of triamcinolone 
was also administered 5 times every 2 weeks. The true 
effect of hydraulic distension is uncertain because 
hydraulic distension is mostly combined with cortico-
steroid (24). Considering that little has been reported 
about therapeutic effect and side effects of steroids in 
hydraulic distension, the description of steroid efficacy 
and side effects in frozen shoulder can be found pri-
marily in the literature on intraarticular corticosteroid 
injection. A higher dose of corticosteroids may increase 
the incidence of local and general complications. How-
ever, in a systemic review regarding effectiveness of 
corticosteroid injections in frozen shoulder, no serious 
steroid-related complications have been reported in 
patients receiving high doses (25). In our study, there 
were no critical complications such as infections other 
than facial flushing, local depigmentation of the skin, 
and disturbance of the menstrual pattern, although 
patients with endocrine abnormalities or other serious 
systemic diseases were excluded. A previous systematic 
review has shown that although corticosteroid injec-
tion can deliver rapid short-term pain relief and im-
prove function (in the first 6 weeks), it is not superior 
to placebo in the aspect of long-term treatment (26). 

A recent study has indicated that increased prevalence 
of myofibroblast staining in patients with frozen shoul-
der might mean activation of the myofibroblast in the 
pathophysiology of capsular contracture, and that 
intraarticular corticosteroid injection can decrease the 
presence or amount of fibromatosis, fibrosis, vascular 
hyperplasia, and fibroblasts (27). This supports that the 
use of corticosteroid injections may change the course 
of the disease by reducing pathological changes found 
in frozen shoulder capsules. A clear conclusion about 
the long-term effect of corticosteroid injection is dif-
ficult to make due to diverse findings of related studies. 
However, corticosteroid dose used in previous studies 
is likely to be insufficient to alter the disease process 
(25,28,29). It is worthwhile to administer a sufficient 
amount of corticosteroid at the same time when per-
forming hydraulic distension if corticosteroid injections 
may help normalize pathologically thickened capsule. 
Corticosteroid is effective in patients with severe joint 
limitation, as well as in the initial state of frozen shoul-
der. However, this should be preceded by a study on 
the appropriate number of hydraulic distensions and 
steroid dose to minimize side effects and maximize the 
effectiveness of hydraulic distension.

Some limitations should be pointed out when in-
terpreting our findings. First, this was a retrospective 
study. Despite authors’ efforts, there might be some 
limitations in gathering comprehensive records of 
outcome measurements. Nevertheless, we used suf-
ficient follow-up period (6 months) to analyze effects 
of hydraulic distension with comparable baseline char-
acteristics (gender, age, duration of symptoms, and so 
on) between the 2 groups. Second, unrecognized con-
founders might have affected outcomes because this 
study was an unmatched case-controlled study. Third, 
the impact of the pumping technique on the capsule 
of the shoulder joint was not confirmed by imaging or 
histological examination. Finally, because the objective 
of this study was to determine the effect of the new 
pumping technique, included patients range was very 
narrow. Only idiopathic frozen shoulder patients were 
included in this study. Results were not obtained for 
various patients. This study only included patients who 
were treated 5 times with capsule-preserving hydraulic 
distensions with or without the pumping technique. In 
the future, prospective studies should be carried out on 
appropriate number of hydraulic distensions, cortico-
steroid dose, and the number of pumping in a large 
number of patients with frozen shoulders. In particular, 
it is necessary to compare effects of new hydraulic dis-
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tension method with conventional hydraulic distension 
and stretching exercise.

Conclusions

Although the effect on pain reduction was excel-
lent in both groups, the superiority of the new pump-
ing technique was demonstrated by better reduction 
in SPADI disability subscale score, and better improve-
ment of ROM of the shoulder compared with the non-
pumping technique. A new pumping technique that 
strengthens the stretching effect on existing hydraulic 
distension is safe. However, prospective randomized 
controlled trials are needed to further demonstrate the 
effect of this new “pumping technique,” and overcome 
limitations of this study mentioned in the discussion.
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